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The Publishers and the Author will be grateful to 
any of the readers of this volume who will kindly call 
their attention to any errors of omission or of commis- 
sion that they may find therein. It is intended to make 
our publications standard works of study and reference, 
and, to that end, the greatest accuracy is sought. It 
rarely happens that the early editions of works of any 
size are free from errors; but it is the endeavor of the 
Publishers to have them removed immediately upon being 
discovered, and it is therefore desired that the Author 
may be aided in his task of revision, from time to time, 
by via kindly criticism of his readers. 
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ma PREFACE. 


MORE than twenty years ago the author began to follow 
the advice given by Nystrom: ‘‘ Every engineeer should 
make his own pocket-book, as he proceeds in study and 
practice, to suit his particular business.” The manuscript . 
pocket-book thus begun, however, soon gave place to more 
modern means for. disposing of the accumulation of engi- 
neering facts and figures, viz., the index rerum, the scrap- i 
book, the collection of indexed envelopes, portfolios and | 
boxes, the card catalogue, etc. Four years ago, at the re- 
quest of the publishers, the labor was begun of selecting 
from this accumulated mass such matter as pertained to 
mechanical engineering, and of condensing, digesting, and 
arranging it in form for publication. In addition to this, a 
careful examination was made of the transactions of engi- 
neering societies, and of the most important recent works 
on méchanical engineering, in order to fill gaps that might 
be left in the original collection, and insure that no impor- 
tant facts had been overlooked. : 

Some ideas have been kept in mind during the prepara- 
tion of the Pocket-book that will, it is believed, cause it to 
differ from other works of its class. In the first place it 
was considered that the field of mechanical engineering was 
so great, and the literature of the subject so vast, that as 


- little space as possible should be given to subjects which 


especially belong to civil engineering. While the mechan- 
ical engineer must continually deal with problems which 
belong properly to civil engineering, this latter branch is 
so well covered by Trautwine’s ‘‘ Civil Engineer’s Pocket- 
book” that any attempt to treat it exhaustively would not 
only fill no ‘‘long-felt want,” but would occupy space 
which should be given to mechanical engineering. : 

Another idea prominently kept in view by the author has 


_. been that he would not assume the position of an ‘‘au- 


thority” in giving rules and formule for designing, but 
only that of compiler, giving not only the name of the 
originator of the rule, where it was known, but also the 
volume and page from which it was taken, so that its 


iti 
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derivation may be traced when desired. When different 
formule for the same problem have bee found they have 
been given in contrast, and in many cases examples have 
been calculated by each to show the difference between 
them. In some cases these differences are quite remark- 
able, as will be seen under Safety-valves and Crank-pins. 
Occasionally the study of these differences has led to the 
author’s devising a new formula, in which case the deriva 
tion of the formula is given. 

Much attention has been paid to the abstracting of data 
of experiments from recent periodical literature, and numer- 
ous references to other data are given. In this respect 
the present work will be found to differ from other Pocket- 
books. i ; 

The author desires to express his obligation to the many 
persons who have assisted him in the preparation of the 
work, to manufacturers who have furnished their cata- 
logues and given permission for the use of their tables, 
and to many engineers who have contributed original data 
and tables. The names of these persons are mentioned in 
their proper places in the text, and in all cases it has been 
endeavored to give credit to whom credit is due. The 
thanks of the author are also due to the following gentle- 
men who have given assistance in revising manuscript or 
proofs of the sections named: Prof. De Volson Wood, 
mechanics and turbines; Mr. Frank Richards, compressed 
air; Mr. Alfred R. Wolff, windmills; Mr. Alex. C. 
Humphreys, illuminating gas; Mr. Albert E. Mitchell, 
locomotives; Prof. James E. Denton, refrigerating-ma~ 
chinery; Messrs. Joseph Wetzler and Thomas W. Varley, 
electrical engineering ; and Mr. Walter S. Dix, for valuable 
contributions on several subjects, and suggestions as to their 


treatment. WILLIAM KENT. 
Passaic, N. J., 472, 1895. 


FIFTH EDITION, MARCH, 1900. 


Some typographical and other errors discovered in the fourth 
edition have been corrected. New tables and some additions 
have been made under the head of Compressed Air. The new 
(1899) code of the Boiler Test Committee of the American 
Society of Mechanical Engineers has been substituted for the 
old (1885) code. e Ww. K. 


PREFACE TO FOURTH EDITION. 


In this edition many extensive alterations have been made. 
Much obsolete matter has been cut out and fresh matter substi- 
tuted. In the first 170 pages but few changes have been found 
necessary, but a few typographical and other minor errors have 
been corrected. The tables of sizes, weight, and strength of 
materials (pages 172 to 282) have been thoroughly revised, many 


- entirely new tables, kindly furnished. by manufacturers, having 


been substituted. Especial attention is called to the new matter 
on Cast-iron Columns (pages 250 to 253). In the remainder of 
the book changes of importance have been made in more than toe 
pages, and all typographical errors reported to date have been 
corrected. Manufacturers’ tables have been revised by reference 
to their latest catalogues or from tables furnished by the manufac- 
turers especially for this work. Much new matter is inserted 
under the heads of Fans and Blowers, Flow of Air in Pipes, and 
Compressed Air. The chapter on Wire-rope Transmission (pages 
917 to 922) has been entirely rewritten. The chapter on Electrical 
Engineering has been improved by the omission of some matter 
that has become out of date and the insertion of some new matter. 

It has been found necessary to place much of the new matter of 
this edition in an Appendix, as space could not conveniently be 
made for it in the body of the book. It has not been found possi- 
ble to make in the body of the book many of the cross-references 
which should be made to the items in the Appendix. Users of the 
book may find it advisable to write in the margin such cross-refer- 
ences as they may desire. 

The Index has been thoroughly revised and greatly enlarged. 

The author is under continued obligation to many manufacturers 
who have furnished new tables and data, and to many individual 
engineers who have furnished new matter, pointed out errors in 
the earlier editions, and offered helpful suggestions. He will be 
glad to receive similar aid, which will assist in the further 


improvement of the buok in future editions, 
Were KENT. 
Passaic, N, J., September, 1898. 3 


SIXTH EDITION. DECEMBER, 1902, 
Tux chapter on Electrical Engineering has been thoroughly 
revised, much of the old matter cut out and new matter sub- 


stituted.. Fourteen new pages have been devoted to the sub- 
ject of Alternating Currents. The chapter on Locomotives has 


_ been revised. Some new matter has been added under Cast 
Iron, Specifications for Steel, Springs, Steam-engines, and 


Friction and Lubrication. Slight changes and corrections in 
the text have been made in nearly a hundred pages. 7 
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SEVENTH EDITION, OCTOBER 1904. 


AN entirely new index has been made, with about twice as 
many titles as the former index. The electrical engineering 
chapter has been further revised and some new matter added. 
Four pages on Coal Handling Machinery have been inserted 
at page 911, and numerous minor changes have been made. 

W. K. 


Syracuse, N. Y. 
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MATHEMATICS. 


Greek Letters. 


A oa Alpha MH 67 Eta N v Nu Pires Te 
B fs Beta co) 306 Theta Be x Y v_ Upsilon 
Tr Gamma |I t Tota Oo Omicron |® @ _ Phi 
4 3 Delta K « Kappa ty cage oF x Chi 
E e Epsilon | A A Lambda} P p Rho ¥ t Psi 
Z <¢. Zeta Mp. Mu = os Sigma Q2 w Omega 
Arithmetical and Algebraical Signs and Abbreviations, 
plus (addition). Z angle. 
positive, L right angle. 
= minus (subtraction), . perpendicular to, 
— negative, sin., sine. 
+ plus or minus, Cos., cosine, 
ai minus or plus, tang., or tan., tangent, 
equals. sec., secant. 
x multiplied by. versin., versed sine, 
aborab=axb. cot., cotangent, 
_ = divided by cosec,., cosecant, 
/ divided by. covers. Se kere rite ” pe 
a 15, n Senne, ue rst letters of the 
we ity =a+b, 15-16= TH SP ete a, b,c, d, etc., are gener- 
2 used to denote known quantities, 
2 =—; 002=——. ana. the last letters, w, %, Y, Z, Ct. 
# 1000 unknown quantities. 


v square root. ve i bear hs 
3 reviations and Symbols com- 
¥ cube root. monly used. 


4 
7 4th root. d, differential (in calculus). 
so 18 fos, i 8o is, : to (proportion), 


2:4 8. :6,.a8 2's is todsois3to6, |/, integral (in calculus). 
: ratio; divide 2 : 
2:4, ratio of 2 to ve 2/4, ye fe integral between limits a and b. 
.. therefore. A, delta, difference. 
> greater than, >) sigma, sign of summation. 
< less than. ww, pi, ratio of circumference of circle 
Oo square. aes to diameter = 3,14159, 
© round, g, acceleration due to gravity = 82.16 
© degrees, arc or ee eeae 4 ft. per sec. per sec. 
‘ minutes or feet. 
”’ seconds or inches, ; Abbreviations aa used in 
17/17 accents to distinguish letters, as this Boo. 
a’,.al’, a” L., 1., length in feet uo inches. 
My, Aq, Ag, Ay, digs read a sub 1, asub b, a breadth in feet and inches, 
ete, edie depth or diameter, 
Ot) { i yincula, denoting |,h., height, feet and inches. 


ris * thickness or temperature. 
v., velocity. 

force, or factor of safety. 
, coefficient of friction, 

, coefficient of elasticity. 


that the numbers enclosed are 
to be taken together ; as, 
(a+bje=4+38 x 5= 35. 

a?, a8, a squared, @ cubed, 


mri nopt 


aa raised to the 2th power, R. r., radius. 
aes Vai, ai = Vas, W., w., weight, 
, 1 Se AE P., D., "pressure or load. 
t=) =, a=2 = Pry H.P., horse-power, - 
10° = 10 to the 9th power = 1,000,000,- LH.  Grake nome panen: as 
hi. p:; high pressure. 
sin. a = the sine of a, i 
sin.—!a@= the are whose sine is a. r bs ; inte domersd eae 
sin, a-2 = — A.W.G., American Wire Geuge 
sin. a. (Brown & Sharpe). 
j log. = logarithm. z B.W.G., Birmingham Wire Gauge. 
i daa log. = hyperbolic loga- | r. p. m., or revs. per min., revolutions _ 


per minute, 


2 MATHEMATICS. 


; ARITHMETIC. 


The user of this book is supposed to have had a training in arithmetic as 
well as in elementary algebra, Only those rules are given here which are 
apt to be easily forgotten. 


GREATEST COMMON MEASURE, OR GREATEST 
COMMON DIVISOR OF TWO NUMBERS. 


Rule.— Divide the greater number by the less ; then divide the divisor 
by the remainder, and so on, dividing always the last divisor by the last 
remaiuder, until there is no remainder, and the last divisor is the greatest 
common measure required. 


_ LEAST COMMON MULTIPLE OF TWO OR MORE 
NUMBERS. 


Hule.—Divide the given numbers by any number that will divide the 
greatest nuinber of them without a remainder, and set the quotients with 
the undivided numbers in a line beneath. 

Divide the second line as before, and so on, until there are no two numbers 
that can be divided ; then the continued product of the divisors and last 
quotients will give the multiple required. 


FRACTIONS, 


To reduce a common fraction to its lowest terms.—Divide 
both terms by their greatest common divisor. 39/52 = 3/4. 

To change an improper fraction to a mixed number.— 
Divide the numerator by the denominator; the quotient is the whole number, 
and the remainder placed over the denomiuator is the fraction: 39/4 = 934, 

To change a mixed number to an improper fraction.— 
Multiply the whole number by the denominator of the fraction; to the prod- 
uct add the numerator; place the sum over the denominator: 17% = 15/8. 

To express a whole number in the form of a fraction 
With a given denominator.—Multiply the whole number by the 
given denominator, and place the product over that denominator: 13 = 89/3. 

To reduce a compound to a simple fraction, also to 
multiply fractions.,—Multiply the numerators together for a new 
numerator and the denominators together for a new denominator: 


Daas Bart 
Ra aE acerca ast ak 

To reduce a complex to a simple fraction.—The numerator 
and denominator must each first be give the form of a simple fraction; 
theu multiply the numerator of the upper fraction by the denominator of 
the lower for the new numerator, and the denominator of the upper by the 
numerator of the lower for the new denominator: 


Kw B_ 1 


To divide fractions.—Reduce both to the form of simple fractions, 
invert the divisor, and proceed as in multication: 


3 Seas 84s 12S: 8 


Cancellation of fractions,—In compound or multiplied fractions, 
divide any numerator and any denominator by any number which will 
divide them both without remainder, striking out the numbers thus divided 
‘and setting down the quotients in their stead. 

To reduce fractions to a common denominator.—Reduce 
each fraction to the form of a simple fraction; then multiply each numera- 


DECIMALS. 3 


tor by all the denominators except its own for the new numerators, and all 
the denominators together for the common denominator: 


Arar igieh ete Si4e918 


PST eee 


. To add fractions,—Reduce them to a common denominator, then 
add the nuimerators and place their sum over the common denominator: 


11,3 _ 21414418 53 _ 
gt3t7= 42 = po ih 


To subtract fractions.—Reduce them to a common denominator, 


subtract the numerators and place the difference over the common denomi- 
nator: 


DECIMALS. 


To add decimals,.—Set down the figures so that the decimal points 
<e gue above the other, then proceed as in simple addition: 18.75-+ .012 = 
18.762. 

To subtract decimals.—Set down the figures so that the decimal 
pon ug oe one above the other, then proceed as in simple subtraction: 18.75 
— .012 = 18.738. 

To multiply decimals.—Multiply as in multiplication of whole 
numbers, then point off as many decimal places as there are in multiplier 
and multiplicand taken together: 1.5 X .02 = .030 = .03. 

To divide decimals.—Divide as in whole numbers, and point off in 
the quotient as many decimal places as those in the dividend exceed those 
_in the divisor. Ciphers must be added to the dividend to make its decimal 

places at least equal those in the divisor, and as many more as it is desired 
to have in the quotient: 1.5 .25=6. 0.1+ 0.3 = 0.10000 + 0.3 = 0.8833 +- 


Decimal Equivalents of Fractions of One Inch, 


1-64 | .015625 | 17-64 | .265625. 33-64 | .515625 49-64 | .765625 
1-32 | .03125 9-32 | .28125 17-82 | .53125 25-32 | .78125 
-046875 19-64 | .296875 35-54 | .546875 51-64 | © .796875 
1-16 | .0625 5=16 | .3125 9=16 | .5625 13-16 | .8125 
5-64 | .078125 21-64 228125 37-64 578125 53-64 828125 
3-32 | .09375 11-32 | .34375 19-32 5937: 27-82 
7 -109875 23-64 | .359375 || 39-64 609375 5 859375 
1-8 1 3=8 +375 5-8 7-8 875 
140625 25-64 | .390625 41-64 640625 57-64 890625 
5-32 15625 13-32 | .40625 21-32 1625 29-32 906 
11-64 171875 27-64 | .421875 43-64 671875 59-64 921875 
3=16 187 7=16 | 4875 11-16 6875 15=16 9375 


13-64 | .203125 29-64 ; .453125 45-64 | .703125 || - 61-64 | .953125 ~ 
7-32 | .218%5 15-32 | .46875 || 23-32] .7IS75 31-32 | .96875 
15-64 | .234375 31-64 | 484375 47-64 | .734375 63-64 | .984375 
-50 3=4 15 1 1, 


To convert a common fraction into a decimal.—Divide the 
numerator by the denominator, adding to the numerator as many ciphers 
_ prefixed by a decimal point as are necessary to give the number of decimal 
places desired in the result: 14 = 1.0000 +-3 = 0.3323 +. 

To convert a decimal into a common fraction.—Set down 
the decimal as a numerator, and place as the denominator 1 with as many 
ciphers annexed as there are decimal places in the numerator; erase the 
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COMPOUND NUMBERS. 5 


decimal point in the numerator, and reduce the fraction thus formed to its 
_ lowest terms: 


Bin los $898 = SF =) nearly. 


‘To reduce a recurring decimal to a common fraction,— 
Subtract the decimal figures that do not recur from the whole decimal in- 
cluding one set of recurring figures; set down the remainder as the numer- 
ator of the fraction, and as many nines as there are recurring figures, fol- 
lowed oy ee many ciphers as there are non-recurring figures, in the denom- 
inator. us; 


- 79054054, the recurring figures being 054. 
Subtract "9 : an 
78975 117 
99900 = (reduced to its lowest terms) is 


COMPOUND OR DENOMINATE NUMBERS. 


Reduction descending.—To reduce a compound number toa lower 
denomination. Multiply the number by as many units of the lower denomi- 
nation as makes one of the higher. 


3 yards toinches: 3 X 36 = 108 inches. 
.04 square feet to square inches: .04 x 144 = 5.76 sq. in, 


If the given number is in more than one denomination proceed in steps 
from the highest denomination to the next lower, and so on to the lowest, 
adding in the units of each denomination as the operation proceeds. 


3 yds, 1ft. Vin. toinches: 3x 3= 9, +1=10, 1012 = 120, +7 = 127in. 


, Beduction ascending.—To express a number of a lower denomi- 
nation in terms of a higher, divide the number by the number of units of 
the lower denomination contained in one of the next higher; the quotient is 
in the higher denomination, and the remainder, if any, in the lower. 

127 inches to higher denomination. 


127+~12=10feet-+7inches; 10 feet+ 3 = 3 yards + 1 foot. 
Ans. 3 yds. 1 ft. 7 in. 
To express the result in decimals of the higher denomination, divide the 
given number by the number of units of the given denomination contained 
ia one of the required denomination, carrying the result to as many places 
of decimals as may be desired. 


127 inches to yards: 127 + 36 = 332 = 8.5277 + yards, 


RATIO AND PROPORTION, 


Ratio is the relation of one number to another, as obtained by dividing 
one by the other. 


Ratio of 2to4, or 2 : 4=2/4 = 1/2, 
Ratio of 4 to 2, or4 : 2=2. 


Proportion is the equality of two ratios. Ratio of 2 to 4 equals ratio 
of 3 to 6, 2/4 = 3/6; expressed thus, 2 ; 4 :: 3:6; read, 2 is to4 as 3 is to 6. 

The first and fourth terms are called the extremes or outer terms, the 
second and third the means or inner terms. 

The product of the means equals the product of the extremes: 


Daya sce DierOe) ie) XO = Les ea Ke B19, 
Hence, given the first three terms to find the fourth, multiply the second 
“and third terms together and divide by the first. ; sac 


2: 4::8: whatnumber? Ans, —~—=6. 


6 ARITHMETIC. 


aioe 
Algebraic expression of proportion.—a : b::c:d; 5=H ad 
be, 0d. ad 
(ptegimiat fakes Tey De 
Mean proportional between two given numbers, 1st and 2d, is such 
a number that the ratio which the first bears to it equals the ratio which it 
bears to the second. Thus, 2: 4:: 4: 8; 4 is a mean proportional between 


2and 8, To find the mean proportional between two numbers, extract the 
square root of their product. 


Mean proportional of 2and8 = V¥2x8=4, 


| Single Rule of Three; or, finding the fourth term of a proportion 
) when three terms are iven.—Rule, as above, when the terms are stated in 
their proper order, multiply the second by the third and divide by the first. 
The difficulty is to state the terms in their proper order, The term which is 
of the same kind as the required or fourth term is made the third; the first 
and second must be like each other in kind and denomination. ‘To deter- 
mine which is to be made second and which first requires a little reasoning. 
If an inspection of the problem shows that the answer should be greater 
than the third term, then the greater of the other two given terms should 
be made the second term—otherwise the first. Thus, 3 men remove 54 cubic 
feet of rock in a day; how many men will remove in the same time 10 cubic 
ards ? The answer is to be men—make men third term; the answer is to 
te more than three men, therefore make the greater quantity, 10 cubic 
yards, the second term; but as it is not the same denomination as the other 
term it must be reduced, = 270 cubic feet. The proportion is then stated: 


3 X 270 
54 


The problem is more complicated if we increase the number of given 
terms. Thus, in the above question, substitute for the words ‘in the same 
time” the words ‘‘in 8 days.” First solve it as above, as if the work were 
to be done in the same time; then make another proportion, stating it thus: 
If 15 men do it in the same time, it will take fewer men to, do it in 3 days; 
make 1 day the 2d term and 3 days the first term, 3:1::15 men: 5 men. 

Compound Proportion, or Double Rule of Three.—By this 
rule are solved questions like the one just given, in which two or more stat- 
ings are required by the single rule of three. In it as in the single rule, 
there is one third term, which is of the same kind and denomination as the 
fourth or required term, but there may be two or more first and second 
terms. Set down the third term, take each pair of terms of the same kind 
separately, and arrange them as first and second by the same reasoning as 
is adopted in the single rule of three, making the greater of the pair the 
peront if this pair considered alone should require the answer to be 
greater. 

Set down all the first terms one under the other, and likewise all the 
second terms. Multiply all the first terms together and all the second terms 
together. Multiply the product of all the second terms by the third term, and 
divide this product by the product of all the first terms. Example: If 3 men 
remove 4 cubic yards in one day, working 12 hours a day, how many men 
working 10 hours a day will remove 20 cubic yards in 3 days? 

Yards 43 20 

Days 8: 1/:: 8men. 

Hours 10: 12 
Products 120 : 240 :: 3:6men. Ans. 


To abbreviate by cancellation, any one of the first ‘terms may cancel 
either the third or any of the second terms; thus, 3 in first cancels 3 in third, 
making it 1, 10 cancels into 20 making the latter 2, which into 4 makes it 2, 
which into 12 makes it 6, and the figures remaining are only 1: 6::1: 6. 


INVOLUTION, OR POWERS OF NUMBERS. 


Anvolution is the continued multiplication of a number by itself a 
given number of times. The number is called the root, or first power, and 
the products are called powers. The second power is called the square and 


= bc; from which a = , d= 


54: 270: : 3: % (the required number); «= = 15 men, 


POWERS OF NUMBERS. q 


_the third power the cube. The operation may be indicated without being 
performed by writing a small figure called the index or exponent to the 
right of and a little above the root; thus, 33 = cube of 3, = 27. 

To multiply two or more powers of the same number, add their exponents; 
thus, 22 x 28 = 25, or4 x 8 = 382 = 25, 
To divide two powers of the same number, subtract their exponents; thus, 

(98 +92 — 91 2; 22+ 24 — Q-? — a= i The exponent may thus be nega- 
tive. 23 + 23 = 20=1, whence the zero power of any number=1. The 
first power of a number is the number itself. The exponent may be frac- 
tional, as 2, 2%, which means that the root is to be raised to a power whose 
exponent is the numerator of the fraction, and the root whose sign is the, 
denominator is to be extracted (see Evolution). The exponent may be a 
decimal, as 2°°5, 21°5; read, two to the five-tenths power, two to the one and 
five-tenths power. These powers are solved by means of Logarithms (which 
see). 


First Nine Powers of the First Nine Numbers. 


1st: | 2d 8d 4th 5th 6th %th 8th 9th 
Pow’r|Pow’r| Power.| Power.| Power.| Power.| Power. | Power. | Power, 
1 1 1 1 1 1 1 1 1 
2 4 8 16 82 64 128 256 512 
3 9 27 81 248 729 2187 6561 19683 
4 16 64 256 1024 4096 16384 65536 262144 
5 25 125 625 3125 15625 78125 890625 1958125 
6 36 216 1296 716 46656 279936 | 1679616 | 10077696 
7 49 343 2401 16807 117649 823543 | 5764801 40353607 
8 64 512 4096 32768 | 262144 | 2097152 | 16777216 | 184217728 
Aah) 81 729 6561 | 59049 | 581441 | 4782969 | 438046721 | 387420489 


~T a I 5 =I 5 he me = 

o| 3 2 oO 2 e Co) o 

ep aah Bota |e peed sted. |e 4 

| & im > fu > uy > Ay > 

Ol). cad 9 512|| 18 | 262144|| 27 | 134217728|| 36 68719476736 
1} 2/]| 10 | 1024|| 19 | 524288] 28 | 268435456]! 37 || 137438953472 
2) 4]| 11 | 2048]| 20 | 1048576|) 29 | 536870912|| 38 || 274877906044 
3} 8 || 12 | 4096|] 21 |} 2097152] : 1073741824|| 39 || 549755813888 
4} 16]|| 13 | 8192|} 22 | 4194804|| 31 | 2147483648]| 40 ||1099511627776 
5] 32 || 14 | 16884]) 238 | Sesgeos|| 32 | 4294967296 

6| 64 |) 15 | 82768|| 24 |16777216|| 38 | 8589934592) 

7 128 || 16 | 65536|| 25 |33554432|| 34 |17179869184 

8] 256 || 17 |181072|| 26 |67108864|) 35 |34350738368 


EVOLUTION, 


Evolution is the finding of the root (or extracting the root) of any 
number the power of which is given. 


The sign #/ indicates that the square root is tobe extracted: ¥/ 4/ 4: the 
cube root, 4th root, nth root. 

PA fractional exponent with 1 for the numerator of the fraction is also 
used to indicate that the operation of extracting the root is to be performed; 
thus, 24,23 = #72, 72. 

(When the power of a number is indicated, the involution not being - 
formed, the extraction of any root of that power may also be indicate by. 
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dividing the index of the power by the index of the root, indicating the 
division by a fraction. Thus, extract the square root of the 6th power of 2: 


V2 = 2 ~2i 9% 8, 
The 6th power of 2, as in the table above, is 64; 4/64= 8 


Difficult problems in evolution are performed by logarithms, but the 
square root and the cube root may be extracted directly according to the 
rules given below. The 4th root is the square root of the square root. The 
6th root is the cube root of the square root, or the square root of the cube 
root; the 9th root is the cube root of the cube root; etc, . 

To Extract the Square Root.—Point off the given number into 
periods of two places each, beginning with units, If there are decimals, 
point these off likewise, beginning at the decimal point, and Supplying 
as many ciphers as may be needed. Find the greatest number whose 
Square is less than the first left-hand period, and place it as the first 
figure in the quotient. Subtract its square from the left-hand period, 
and to the remainder annex the two figures of the second period for 
a dividend. Double the first figure of the quotient for a partial divisor; 
find how many times the latter is contained in the dividend exclusive 
of the right-hand figure, and set the figure representing that number of 
times as the second figure in the quotient, and annex it to the right of 
the partial divisor, forming the complete divisor. Multiply this divisor b 
the second figure in the quotient and subtract the product from the divi- 
dend, To the remainder bring down the next period and proceed as before, 
in each case doubling the figures in the root already found to obtain the 
trial divisor, Should the product of the second figure in the root by the 
completed divisor be greater than the dividend, erase the second figure both 
from the quotient and from the divisor, and substitute the next smaller 
figure, or one small enough to make the product of the second figure by the 

visor less than or equal to the dividend, 


8.1415 9265361 ‘77245 . 


27/214 
|189 


8477/2515 ‘ 
2429 
8542)8692 
(oss 
160865 
|141776 
854485 1908086 


177242 


85444 


To extract the square root of a fraction, extract the root of numerator 


9 


i 
fig 4 
decimal, 7} = 444+ = 6666+. 


Wo Extract the Cube Root.—Point off the number into periods of 
8 figures each, beginning at the Hebe hand, or unit’s place. Point off deci- 
mals in periods of 3 figures from the decimal point. Find the greatest cube 
that does not exceed the left-hand period; write its root as the first figure 
in the required root, Subtract the cube from the left-hand period, and to 
the remainder bring down the next period for a dividend, 

Square the first figure of the root; multiply by 300, and divide the product 
into the dividend for a trial divisor; write the quotient after the first figure 
of the root as a trial second figure. 

Complete the divisor by adding to 360 times the Square of the first figure, - 
30 times the product of the first by the second figure, and the square of the 
second figure, Multiply this divisor by the second figure; subtract the 
product from the remainder. (Should the product be greater than the 
remainder, the last figure of the root and the complete divisor are too large ; 


and denominator separately. i = > or first convert the fraction into a 


He 
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_ substitute for the last figure the next smaller number, and correct the trial 

divisor accordingly.) : 

To the remainder bring down the next period, and proceed as before to 
find the third figure of the root—that is, square the two figures of the root 
already found; multiply by 300 for a trial divisor, etc. 

If at any time the trial divisor is greater than the dividend, bring down ane 
other period of 3 figures, and place 0 in the root and proceed. 
» The cube root of a number will contain as many figures as there are 
periods of 3 in the number. 

Shorter Methods of Extracting the Cube BRoot.—i. From 
Wentworth’s Algebra: 


i,884,965,968,625] 12345 


300x12° = 300) 881 
30x1x2 = 60 
22 == pe 
364] 728 : 
64 158365 
300 x 122 = 48200 
30x12x3 = 1080 
33 = 9 
44289 + 132867 
1089} 20498963 
800 x 1232 = 4538700 
80x 123x4 = 14760 F 
42= 16 
4553476 ¢ 18213904 
_ 1406 2285059625 
800 x 12342 = 456826800 


’ 380 x 1234x5 = 185100 
pi Ah 2 2 
457011925 | 2285059625 


< After the first two figures of the root are found the next trial divisor is 
found by bringing down the sum of the 60 and 4 obtained in completing the 
preceding divisor, then adding the three lines connected by the brace, and 
annexing two ciphers. This method shortens the work in long examples, as 
is seen in the case of the last two trial divisors, saving the labor of squaring 
-123 and 1234. A further shortening of the. work is made by obtaining the 
last two figures of the root by division, the divisor employed being three 
times the square of the part of the root already found; thus, after finding 
the first three figures: 


8 x 1282 = 45387]20498963]45.1-+ 
as ile sesame 


284416 
226985 
74818 


a error due to the remainder is not sufficient to change the fifth figure of - 
the root. d 

2. By Prof. H. A. Wood (Stevens Indicator, July, 1890): 

I, Having separated the number into periods of three figures each, count- 
- ing from the right, divide by the square of the nearest root of the first 
- period, or first two periods ; the nearest root is the trial root. 

II. To the quotient obtained add twice the trial root, and divide by 3. 

This gives the root, or first approximation. 

Til. By using the first approximate root as a new trial root, and proceed- 
fing as before, a nearer approximation is obtained, which process may be 
repeated until the root has been extracted, or the approximation carried as 

far as desired. : 
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' ExampLe.—Required the cube root of 20, The nearest cube to 20 is 39, 


8 = 9)20.0 
2.2 


a 


38.1 
2.7 1st T. R. 
2.7? = 7.29)20.000 
2.748 > 
5.4 
88.148 
2.714, 1st ap. cube root, 
2.7142 = 7.365796)20.0000000 
2.7152534 
5.428 
3)8. 1432534 
2.7144178 2d ap. cube root. 

RemMARK.—In the example it will be observed that the second term, or 
first two figures of the root, were obtained by using for trial root the root of 
the first period. Using, in like manner, these two terms for trial root, we 
obtained four terms of the root; and these four terms for trial root gave 
seven figures of the root correct. In that example the last figure should be 
7. Should we take these eight figures for trial root we should obtain at least 
fifteen figures of the root correct. 

To Extract a Higher Root than the Cube.—The fourth root is 
the square root of the square root; the sixth root is the cube root of the 


Square root or the square root of the cube root. Other roots are most con- 
veniently found by the use of logarithms. 


ALLIGATION 


shows the value of a mixture of different ingredients when the quantity 
and value of each is known, 

Let the ingredients be a, b, c, d, ete., and their respective values per unit 
W, %, Y, 2, ete, 


A = the sum of the quantities =a+b-+c¢-+ d, ete, 
P= mean value or price per unit of 4, - 
AP=aw-+ bat cytdz, ete. 
aw + bx + cy + dz 
isis a7) Pane 


: PERMUTATION 


shows in how many positions any number of things may be arranged ina 
row; thus, the letters a, b, c may be arranged in six positions, viz, abc, acb, 
reab, cba, bac, bea. 

Rule.—Multiply together all the numbers used in counti ng the things; thus, 
permutations of 1,2, and3=1x2x3=6. In how many positions can 9 
things in a row be placed ? 


1X2xX3xX4xX5x6xX7X8X 9 = 362880. 
COMBINATION 


shows how many arrangements of a few things may be made out of a 
greater number. Rule: Set down that figure which indicates the greater 
number, and after it a series of figures diminishin by 1, until as many are 
set down as the number of the few things to be taken in each combination. 
Then beginning under the last one set down said number of few things ; 
then going backward set down a series diminishing ae 1 until arriving under 
the first of the upper numbers. Multiply together all the upper numbers to 
form one product, and all the lower numbers to form another; divide the 
upper product by the lower one. ; 


GEOMETRICAL PROGRESSION. 1g 


How many combinations of 9 things can be made, taking 3 in each com- 
bination ? 
WLW SUR ges Vg 
1X2x3 6 


ARITHMETICAL PROGRESSION, 


in a series of numbers, is a progressive increase or decrease in each succes- 
sive nuinber by the addition or subtraction of the same amount at each step, 
as 1, 2, 3, 4, 5, etc., or 15, 12,9, 6, etc. The numbers are called terms, and the 
equal increase or decrease the difference. Examples in arithmetical pro- 
‘gression may be solved by the following formule ; 

Let a = first term, J = see term, d = common difference, » = number of 
terms, s = sum of the terms: 


=a-+(n—1)d, =-jas4/sae+ (o—fa : 
2 ’ 
28 —1)d 
=—-a, = 40> uF 
1 ita, BP-—a? 
= 5 7a + (nm — 1d), = SS, Foe, 
n 1 
‘ee d+a)5, = 5 nL — (n — 1)d), 
—1)d 
a@=1—(n — 1)d, =2_@— i 
1 @)te Se) 
atass/C44 ) ae Sma 
l—a ERG) 
d=7 77’ n(n — 1) 
122 — q2 _ 2Anl — s) 
Papa aap ~ n(n — 1) 
ih ae d—2a+V/@a— d+ 8ds 
A Met TA art adel ae, 
oe _ +d +4/Cl + a? — Bas 
= Taal ache ety,» 


GEOMETRICAL PROGRESSION, 


in a series of numbers, is a progressive increase or decrease in each suc. 
' cessive number by the same multiplier or divisor at each step, as 1, 2, 4, 8, 
16, ete., or 248, 81, 27, 9, ete. The common multiplier is called the ratio. 
Let a = first term, / = last term, r = ratio or constant multiplier, n = 
number of terms, m = any term, as Ist, 2d, etc., s = sum of the terms; 


= _a +(r—1)s —(r—1)srm—1 
t= arn -}, — hee ot earn car 
log 1 = log a+ (n — 1) log r, Us—y"-1— as—a)”-2 = 0, 
m= arm — 1 log m = log a + (m — 1) log r. 
= alr” — 1) —Tl—a OHA e Va l®—1 
Tienes! 7 =A" i, SE aa ee 
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1 © (r — 1)s. ‘ 
een ig = heed log a = log 1—(n—1) log, 
n—1/F s—a log 1—log a 
r= V5, aT bi divin o E 
a 
Bos Sinus, $F ym Fo end j= 
"Ty ae aa ir tet 
Be AR = 106 [a + (r ~ 1)s] — loga 
on log r % % log r ? 
log 1 — log a _ logl— log (hr — (r ~1)s] 
= jog (8 — a) — log (s — reap th af log r +1 
Population of the United States, 
(A problem in geometrical progression.) 
Increase in 10 Annual Increase, 
Year. Population. Years, per cent, per cent, 
1860 81,443,321 
1870 39,818,449* 26.63 2.39 
1880 50,155,783 25.96 2,33 
1890 62,622,250 24.86 2.25 
1900 76,295,220 21.834 1.994 
1905 Est. 83,577,000 —- Est. 1.840 
1910 “91,554,000 Est. 20.0 “1.840 
Lstimated Population in Hach Year JSrom 1870 to 1909, 
(Based on the above rates of increase, in even thousands.) 
2 
1870....] 39,818 50,156 1890....] 62,622 1900,.,.] 76,295 
1871 40,748 51,281 1891, . 63,871 1901,...| 77,699 
1872 41,699 52,4383 1892....] 65,145 1902....} 79,129 
1873....| 42,673 53,610 1893....] 66,444 1903..,.| 80,585 
1874....] 48,670 54,813 1894... 67,770 1904....} 82,067 
1875....| 44,690 56,043 1895....] 69,122 1905,...] 83,577 
1876....| 45,878 57,301 1896....] 70,500 1906....] 85,115 
T8771... 800 58,588 1897....] 71,906 1907....] 86,681 
1878 .. 47,893 59,903 1898....] 73,841 1908..,.] 88,276 
1879....] 49,011 61,247 1899....] 74,803 1909....] 89,900 


tee ever ait has pra ae by ek fame as adn D1 
og r = log l —loga n—1 og m ms nu r 
Pop. 1900.. °F 6,29) 295,220 log = 7.8824988 = om 
"1890... 62, 622}250 log = 7.7967285 = i A 


diff. = .0857703 
m= 11,n — 1 = 10; diff. + 10 = 00857703 = logr, 
add log for 1890 77967 285 =loga 


log for 1891 = 7.80580558 No. = 68,871... 
add again 00857708 


log for 1892 7.81388256 No. = 65,145 . 5. 


Compound interest is a form of geometrical progression ; the ratio be- 
ing 1 plus the percentage. 


* Corrected by addition of 1,260, 078, estimated error of the census of 1870, 
Census Bulletin No, 16, Dec, 12, | 890, 
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INTEREST AND DISCOUNT, 
Interest is money paid for the use of money for a given time; the fac- 


tors are: ‘ 
p, the sum loaned, or the principal: 
t, the time in years; 
r, the rate of interest; 
t, the amount of interest for the given rate and times 
¢ a=p-+i= the amount of the principal with interest 
at the end of the time. 
Formule : 
7 = interest = principal x time x rate per cent = i= aaah 
a@ = amount = principal + interest = p + oe 
r=rate = pale 
= Srey 
A 1002 pir, 
p= principal = fF ~*~ 0 
t= time = 10% 
pr 


Sx the rate is expressed decimally as a per cent,—thus, 6 per cent = .06,— 
the formule becomne 


i ae pee fie Begg arb ee 

t=prt; a= pil + rt); Bony t pee ee cee: 
Rules for finding Interest,—Multiply the principal by the rate 
_ per aunum divided by 100, and by the time in y , and fractions of a year. 


If the time is given in days, interest = Principal ate eno OF dave, 
| In banks interest is sometimes calculated on the basis of 360 days to a 
year, or 12 months of 80 days each. 
Short rules for interest at 6 per cent, when 360 days are taken as 1 year: 
Multiply the principal by number of days and divide by 6000, 
Multiply the principal by number oi months and divide by 200. 
The interest of 1 dollar for one month is ¥ cent. 


| Interest of 100 Dollars for Different Times and Rates, 

| Time. 2% 8% 4% 5% 6% 8% 10% 

J year $2.00 $3.00 $4.00 $5.00 $6.00 $8.00 $10.00 
16 25 -B3. -41 .50 -663 835 

1 day = iy year .00558 00832 .0111} 01388 01662 02222 02772 

1 day = sts year .005479 008219 .010959 .013699 .016438 0219178 .0273978 


Discount is interest deducted for payment of money before it is due. 

True discount is the difference between the amount of a debt pay- 
able at a tuture date without interest and its present worth. The present 
worth is that sum which put at interest at the legal rate will amount to the 
debt when it is due. 

To find the present worth of an amount due at future date, divide the 
amount by the amount of $1 placed at interest for the given time, The dis- 
rount equals the amount minus the present worth. 

What discount should be allowed on $103 paid six months before it is due, 
interest being 6 per cent per annum ? ‘ 


103 
1 


1+1x .06 x 3 
Bank discount is the amount deducted by a bank as interest on 
money loaned on promissory notes, It is interest calculated not on the act- 
tal sum loaned, but on the gross amount of the note, from which the dis- 
count is deducted in advance, It is also calculated on the basis of 360 days 
in the year, and for 3 (in some banks 4) days more than the time specified in 
‘the note. "These are called days of grace, and the note is not payable til) 
the last of thesedays. In some States days of grace have been abolished, 


= $100 present worth, discount = 3,00, 
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What discount will be deducted by a bank in discounting a note for $108 

payable 6 months hence? Six months = 182 days, add 3 days grace = 185 
108 « 185 > 

days’ 00 = $3.176. 

Compound Interest,—In compound interest the interest is added to 
the principal at the end of each year, (or shorter period if agreed upon). 

Let p = the principal, ry = the rate expressed decimally, n = no of years, 
and a the amount: eee 


n 
a 
@= amount = p(1+1r)"; r= rate = /- 


log a — log p 
log (1+1) ° 


Pepe a 
Pp = principal = a@+-nni no. of years=n = 


Compound Interest Table. 


(Value of one dollar at compound interest, compounded yearly, at 
, 4, 5, and 6 per cent, from 1 to 50 years.) 


z z 
é 32 | 4% Bs | 6s | 8 | 8% | 4% | be | 6% 


10 | 1.8439 | 1.4802 | 1.6289 | 1:7908 | 95 | 2'0937 | 2.6658 | 3.3863 | 4.2919 


14 | 1.5126 | 1.7317 | 19799 | 2.2609 | 45 | 3.7815 | 5.8410 | 8.9847 |13,7648 
15 | 1.5580 | 1.8009 | 2.0789 | 2.3965 | 50 | 4/3838 | 7.1064 | 11.4670 |1814204 


At compound interest at 3 per cent money will double itself in 2344 years, 
a per cent in 173g years, at 5 per cent in 14.2 years, and at 6 per cent in 
-9 years. 


EQUATION OF PAYMENTS, 


By equation of payments we find the equivalent or average time in which 
one payment should be made to cancel a number of obligations due at dif- 
ferent dates; also the number of days upon which to calculate interest or 


discount upon a gross sum which is composed of several smaller sums pay- © E 


able at different dates, 

BRule.—Multiply each item by the time of its maturity in days from a 
fixed date, taken as a standard, and divide the sum of the products by the 
a of the items: the result is the average time in days from the standard 

ate. 

A owes B $100 due in 30 days, $200 due in 60 days, and $300 due in 90 days. 
In how many days may the whole be paid in one sum of $600 ? 


100 x 30 + 200 x 60+ 300 x 90 = 42,000; 42,000 +- 600 = 70 days, ans. 


A owes B $100, $200, and $300, which amounts are overdue respectively 30. 
60, and 90 days. If he now pays the whole amount, $600, how many days’ 
interest should he pay on that sum? Ans, 70 days, 


ANNUITIES. aes 


PARTIAL PAYMENTS. 
To compute interest on notes and bonds when partial payments have been 


made: 
United States Rule.—Find the amount of the principal to the time 
- of the first payment, and, subtracting the payment from it, find the amount 
of the remainder as a new principal to the time of the next payment. 
. If the payment is less than the interest, find the amount of the principal 
to the time when the sum of the payments equals or exceeds the interest 
due, and subtract the sum of the payments from this amount. 
Proceed in this manner till the time of settlement. 
’ Note,—tThe principles upon which the preceding rule is founded are: 

Ist. That payments must be applied first to discharge accrued interest, 
and then the remainder, if any, toward the discharge of the principal. 

2d. That only unpaid principal can draw interest. 

Mercantile Wethod.—When partial payments are made on short 
es ie interest accounts, business men commonly employ the following 
method : 

Find the amount of the whole debt to the time of settlement; also find 
the amount of each payment from the time it was made to the time of set- 
tlement. Subtract the amount of payments from the amount of the debt; 
the remainder will be the balance due. 


ANNUITIES. 


An Annuity is a fixed sum of money paid yearly, or at other equal times 
agreed upon. The values of annuities are calculated by the principles of 
compound interest. 

1. Let i denote interest on $1 for a year, then at the end of a year the 

‘amount willbe 1+7. At the end of n years it will be (1+ 7)”, j 


' 2. The sum which in n years will amount to 1 is a+r or (1-+7)- i or the 

present value of 1 due in n years. 4K 
/s 3: The amount of an annuity of 1 in any number of years n is Cee 

4. The present value of an annuity of 1 for any number of years 1 is 
1—-(1+% ay Bie 


L. 
5. The annuity which 1 will purchase for any number of years n is 
t 


1 d+a-” 
6. The Baeuey. which would amount to 1 in » years is mea 
Amounts, Present Walues, ete., at 5% Interest, 
Years Qs (2) (8) (4) ©) (6) 
Gor la-po-1 4 Foe stare te 
i i 1-(1+0-"|A 40" --1 
1.05 952381 ty 952381 1.05 * i. 
1.1025 907029 2.05 1.859410 - 537805 487805 
1.157625 | .863838 8.1525 2.723248 - 367209 -817209 
1.215506 | .822702 4.310125 3.545951 282012 232012 
1.276282 | .783526 5.525631 4.829477 230975 «180975 
1.340096 | .746215 6.801913 5.075692 197017 -147018 
1.407100 | .710681 8.142008 5.786373 - 172820 122820 
1.477455 | .676839 9.549109 6.463213 - 154722 104722 
1.551328 | .644609 | 11.026564 7.107822 - 140690 .090690 
1,628895 | .618913 | 12.577893 7.721735 + 129505 079505 
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16 


pee | 90°F | 82°F 
OL P SP'¢ 96°9 
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TABLES FOR CALCULATING SINKING-FUNDS AND 
PRESENT VALUES, 


Engineers and others connected with municipal work and industrial enter- 
prises often find it necessary to calculate payments to sinking-funds which 
will provide a sum of money sufficient to pay off a bond issue or other debt 
at the end of a given period, or to determine the present value of certain 

‘annual charges. The accompanying tables were computed by Mr. John W. 
Hill, of Cincinnati, Hng’g News, Jan, 25, 1894. 

Table I (opposite page) shows the annual sum at various rates of interest 
required to net $1000 in from 2 to. 50 years, and Table II shows the present 
value at various rates of interest of an annual charge of $1000 for from 5 to 
60 years, at five-year intervals and for 100 years. 


Table II.—Capitalization of Annuity of $1000 for 
: from 5 to 100 Wears. 


g 
é Rate of Interest, per cent, 


214 8 814 4 4% 5 5% 6 


5] 4,645.88 | 4,579.60) 4,514.92) 4,451.68) 4,889.91) 4,329.45) 4,268.09] 4,212.40 
10) 8,752.17 | 8,530.13) 8,316.45) 8,110.74) 7,912.67] 7,721.73) 7,587.54] 7,860.19 
15/12,381.41 |11,937.80)11,517.23/11,118.06)10,739. 42|10,379.53) 10,037.48} 9,712.30 
20/15,589.215)14,877.27)14,212. 12) 13,590. 21)13,007 . 88/12, 462. 13)11,950.26/11,469.96 
25)18,424.67 |17,413.01/16,481.28) 15,621 .93/14,828. 12/14,093.86)13,413.82]12,783.38 


80/20,980.59 |19,600.21/18,891 .85/17,291 .86/ 16,288. 77)15,372. 36) 14,533. 63/13,764.85 
35/23,145.31 |21,487.04/20,000. 43|18,664.37|17,460.89]16,374. 36) 15,890. 48/14,488 65 
40/25,103.53 |28,114.36/21 354. 83/19, 792.65|18, 401 .49/17,159.01)16,044.92/15,046.31 
45/26,833.15 |24,518.49/22,495.23 20,719. 89/19, 156.24) 17,773. 99) 16,547 .65/15,455, 85 
50/28,362.48 |25,729.58)23,455.21/21,482.08) 19,761. 93]18,255.86]16,931.97)15,761.87 
100|86,614.21 |31,598.81|27,655.36)24,504.96/21,949.21/19,847. 90)18,095.83/16,612.64 
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Long Measure.—Measures of Length, 
12 inches = 1 foot. 
3 feet 1 yard, 
1760 yards, or 5280 feet = 1 mile, 

Additional measures of length in occasional use; 1000 mils =1 inch; 
4inches = 1 hand; 9 inches = 1 span; 21% feet = 1 military pace; 2 yards = 
1 fathom; 5% yards, or 164% feet = 1 rod (formerly also called pole or perch). 

Old Land Measure.—7,92 inches = 1 link; 100 links, or 66 feet, or 4 
rods = 1 chain; 10 chains, or 220 yards = 1 furlong; 8 furlongs = 1 mile; ; 
10 square chains = 1 acre. { 


Nautical Measure. 
6080.26 feet, or 1.15156 stat- | _ 1 nautical mile, or knot.* 


Pil 


ute miles . 
3 Dantes sae eo188 = 1 league. 
60 nautical miles, or 69, ess ‘; 
stature mee = 1 degree (at the equator), 
860 degrees = circumference of the earth at the equator. 


*The British Admiralty takes the round figure of 6080 ft. which is the 
length of the ‘‘ measured mile” used in trials of vessels. The value varies 
- from 6080.26 to 6088.44 ft. according to different measures of the earth’s di- 
ameter, There is a difference of opinion among writers as to the use of the 
word “ knot’ to mean length or a distance—some holding that it should be 
used only to denote a rate of speed. The length between knots on the log 
line is 1/120 of a nautical mile, or 50.7 ft., when a half-minute glass is used; 

so that a speed of 10 knots is equal to 10 nautical miles per hour, 
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Square Measure.—Measures of Surface. 


i 183.35 ci 
144 ete! parle: or 35 circular t= Lequare foot. 
9 square feet = 1 square yard. 
3014 square yards, or 27214 square feet =1 square rod. 


10 sq. chains, or 160 sq, rods, or 4840sq. |. _ ane 
yards, or 43560 Ba feet, s i = Lacre. re 
640 acres "= 1 square mile, 


An acre equals a square whose side is 208,71 feet. 

Cireular Inch; Cireular Mil.—A circular inch is the area ofa 
circle 1 inch in diameter = 0,7854 square inch, 

1 square inch = 1.2782 circular inches. , 

A circular mil is the area of a circle 1 mil, or .001 inch in diameter. 
1000? or 1,000,000 circular mils = 1 circular inch, 

1 square inch = 1,273,239 circular mils, 

The mil and circular mil are used in electrical calculations involving 
the diameter and area of wires. 


Solid or Cubic Measure.—Measures of Volume, 


1728 cubic inches = 1 cubic foot. 
27 cubic feet = 1 cubic yard. 
1 cord of wood = a pile, 4 x 4 x 8 feet = 128 cubic feet. 
1 perch of masonry = 1614 1141 foot =2434 cubie feet. 


Liquid Measure, 


4 gills = 1 pint. 
3 Sinks = 1 quart, srs tational 
.8. cubic inches. 

4 quarts =1 gallon { Eng, 277.274 cubic inches, 
3114 gallons = 1 barrel. 
42 gallons = 1 tierce. 

2 barrels, or 63 gallons = 1 hogshead. 
84 gallons, or 2 tierces = 1 puncheon. 


2 hogsheads, or 126 gallons = 1 pipe or butt. 
2 pipes, or 3 puncheons = 1 tun. 


A gallon of water at 62° F. weighs 8.3356 lbs. 

The U.S. gallon contains 281 cubic inches; 7.4805 gallons = 1 cubie foot. 
A cylinder 7 in, diam. and 6 in. high contains 1 gallon, very nearly, or 230.9 
cubic inches, The British Imperial gallon contains 277.274 cubic inches 
= 1.20032 U. S. gallon, or 10 lbs. of water at 62° F. 

Flees Toners Inch,.—(Western U.S. for measuring flow of a stream 
of water), 

The term Miner's Inch is more or less indefinite, for the reason that Cali- 
fornia water compesiee do not all use the same head above the centre of 
the aperture, and the inch varies from 1.86 to 1.73 cubic feet per minute 
each; but the most common measurement is through an aperture 2 inches 
high and whatever length is required, and through a plank 1} inches thick. 
The lower edge of the aperture should be 2 inches above the bottom of the 
measuring-box, and the plank 5 inches high above the aperture, thus mak- 
ing a 6-inch head above the centre of the stream. Each square inch of this 
opening represents @ miner’s inch, which is equal to a flow of 14 cubic feet 
per minute, 


Apothecarics’ Fluid Measure. 
60 minims = 1 fluid drachm. 8 drachms = 1 fluid’ ounce, - 

In the U.S. a fluid ounce is the 128th |e of a U.S. gallon, or 1.805 cu. ins. 
It contains 456.3 grains of water at 39° F, In Great Britain the fluid ounce 
is sis cu. ins, and contains 1 ounce avoirdupois, or 437.5 grains of water at 
62° P. 

Dry Measure, U.S, 
2 pints = 1 quart, 8 quarts = 1 peck. 4 pecks = 1 bushel. 
The standard U.S. bushelis the Winchester bushel, which is in cylinder 
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form, 1814 tashes diameter and 8 inches deep, and contains 2150.42 cubic 


inches. 

A struck bushel contains 2150.42 cubic inches = 1.2445 cu. ft.; 1 cubic foot 
= 0.80356 struck bushel, A heaped bushel is a cylinder 1814 inches diam- 
eter and 8 inchesdeep, with a heaped cone not less than 6 inches high. 
It is egal to 114 struck bushels. 

__ The British Imperial bushel is based on the Imperial gallon, and contains 
© 8 such gallons, or 2218.192 cubic inches = 1.2837 cubic feet. The English 
quarter = 8 Imperial bushels. 

Gapacity of a cylinder in U.S. gallons = square of diameter, in inches x 

- height in inches X .0084. (Accurate within 1 part in 100,000.) 
Capacity of a cylinder in U..S. bushels = square of diameter in inches X, 


height in inches X .0008652. 


Shipping Measure. 


Register Ton.—¥or register tonnage or for measurement of the entire 
internal capacity of a vessel : 
100 cubic feet = 1 register ton. 


This number is arbitrarily assumed to facilitate computation. 
Shipping Ton.—For the measurement of cargo: 
1 U.S. shipping ton. 
40 cubic feet = < 31.16 Imp. bushels. 
32,148 U.S. ** 
1 British shipping ton. 
42 cubic feet = oy Imp. bushels. 
3. as we 
7s Rule.--Weight a vessel will carry = length of keel X breadth 
at main beam xX depth of hold in feet + 95 (the cubic feet allowed for a ton). 
The result will be the tonnage. For a double-decker instead of the depth 
of the hold take half the breadth of the beam. 


: Measures of Weight.—Avoirdupois, or Commercial 
i Weight. 


16 drachms, or 437.5 grains = 1 ounce, oz, 
16 ounces, or 7000 grains = 1 pound, lb. 


28 pounds = 1 quarter, qr. 
4 quarters = 1 hundredweight, ewt. = 112 Ibs. 


Carpente 


20 hundred weight 1 ton of 2240 pounds, or long ton. 
2000 pounds = 1 net, or short ton. 
2204.6 pounds = 1 metric ton. 


1 stone = 14 pounds ; 1 quintal = 100 pounds. 
The drachm, quarter, hundredweight, stone, and quintal are now seliom 


used in the United States. 
Trey Weight. 


24 grains = 1 pennyweight, dwt. 
20 pennyweights = 1 ounce, oz. = 480 grains. 
12 ounces = 1 pound, lb. = 5760 grains. 


Troy weight is used for weighing gold and silver. The grain is the sama 
in Avoirdupois, Troy, and Apothecaries’ weights. A carat, used in weighing 
diamonds = 3.168 grains = .205 gramme. ; 


Apothecaries’ Weight. 


20 grains =1scruple, D 
8scruples = 1 drachm, 3 60 grains. 
8 drachms = 1 ounce, 3 480 grains. 
12 ounces =1 pound, lb, = 5760 grains. 


™To determine whether a balance has unequal arms.— 
After weighing an article and obtaining equilibrium, transpose the article 
and the weights. If the balance is true, it will remain in equilibrium ; if 
untrue, the pan suspended from the longer arm will descend. 

To weigh correctly on an incorrect balance.—First, by 
substitution, Put the article to be weighed in one pan of the balance and 


altel 
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counterpoise it by any convenient heavy articles placed on the other ‘pan, 
Remove the article to be weighed and substitute for it standard weights 
until equipoise is again established. The amount of these weights is the 
weight of the article. 5 

Second, by transposition. Determine the apparent weight of the article 
as usual, then its apparent weight after transposing the article and the 
weights, If the difference is small, add half the difference to the smaller 
of the Ht sean weights to obtain the true weight. If the difference is 2 
per cent the error of this method is 1 part in 10,000. For larger differences, 
or to obtain a perfectly accurate result, multiply the two apparent weights 
together and extract ie square root of the product, 


Cireular Measure, 


60 seconds, ” = 1 minute, ’, 

60 minutes, ’ = 1 degree, °. 

90 degrees <= 1 quadrant. 
360 =‘ = circumference, 


Time. 


60 seconds = 1 minute. 
60 minutes = 1 hour, 
24hours = 1 day. 
% days = 1 week, 
865 days, 5 hours, 48 minutes, 48 seconds = 1 year, 


By the Gregorian Calendar every year whose number is divisible by 4isa 
leap year, and contains 866 days, the other years containing 365 days, ex- 
cept that the centesimal years are leap years only when the number of the 
year is divisible by 400. 

The comparative values of mean solar and sidereal time are shown by the 
following relations according to Bessel : 


365.24222 mean solar days = 366.24222 sidereal days, whence 
1 mean solar day = 1.00278791 sidereal days; 
1 sidereal day = 0 99726957 mean solar day; 
24 hours mean solar time = 24 3™ 56#,555 sidereal time; 
24 hours sidereal time = 23 56™ 4,091 mean solar time, 


whence 1 mean solar day is 8™ 55*.91 longer than a sidereal day, reckoned in 
mean solar time. 


BOARD AND TIMBER MEASURE. 
Board Measure, 


In board measure boards are assumed to be one inch in thickness. To 
obtain the number of feet board measure (B, M.) of a board or stick of 
square timber, multiply together the length in feet, the breadth in feet, and 
the thickness in inches. 

To compute the measure or surface in square feet.—When 
all dimensions are in feet, multiply the length by the breadth, and the pro- 
duct will give the surface required, 

When either of the dimensions are in inches, multiply as above and divide 
the product by 12. 

: Lu, ee all dimensions are in inches, multiply as before and divide product 

y 144, 


Timber Measure, 


To come ase the volume of round timber,—When all dimen- 
sions are in feet, multiply the length by one quarter of the product of the 
mean girth and diameter, and the product will give the measurement in 
cubic feet. When length is given in feet and girth and diameter in inches, 
aye the product by 144; when all the dimensions are in inches, divide by 


_Ko compute the volume et aguars timber.—When all dimen- 
sions are in feet, multiply together the length, breadth, and depth; the 
roduct will be the volume in cubic feet, When one dimension is given in 
ches, divide by 12; when two dimensions are in inches, divide by 144; when — 
all three dimensions are in inches, divide by 1728, 
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Contents in Feet of Joists, Scantling, and Timber. 
Length in Feet. 


Size, | 12 | 14 | 16 


18 | 2 


a || a | | a 


Feet Board Measure, 


2x 4 8 9 11 12 13 15 16 17 19 20 
2x 6 12 14 16 18 20 22 24 26 30 
2x 8 16 19 21 24 7 29 82 87 40 
2x 10 20 23 27 380 33 37 40 43 47 50 
2X 12 24 28 82 36 40 44 2 56 60 
2x 14 28 33 37 42 47 51 56 61 65 70 
38x 8 24 28 382 36 40 44 48 52 56 60 
3x 10 30 35 40 45 50 55 60 65 70 v6) 
3X 12 36 42 48 54 60 66 72 78 84 90 
3x 14 42 49 56 63 70 G7 84 91 98 105 
4x 4 16 19 21 24 27 29 82 385 37 40 
4x 6 24 28 32 36 40 44 48 52 56 60 
4x 8 32 37 43 48 53 59 64 69 75 80 
4x 10 40 47 53 60 67 73 80 87 93 100 
4x 12 48 56 64 72 80 88 96 | 104} 112 120 
4x 14 56 65 % 84 93 | 103 | 112] 121 | 181 140 
6x 6 36 42 48 54 60 66 12 78 90 
6x 8 48 56 64 G2 80 88 96 | 104} 112 120 
6 x 10 60 70 100 | 110] 120) 1380; 140 150 
6 X 12 72 84 96] 108) 120} 132] 144] 156] 168 180 
6X 14 84 98| 112] 126] 140] 154] 168| 182] 196 210 
8x 8 64 % 96) 107] 117} 128} 1389) 149 160 
8 x 10 80 93 | 107] 120] 133 | 147] 160) 1738 | 187 200 
8 x 12 96 | 112] 128] 144] 160] 176 | 192) 208) 224 240 
8x 14 112 | 181} 149] 168| 187 | 205 | 224 | 243] 261 280 
10 x 10 100 | 117} 1388} 150] 167] 1838) 200) 217%] 233 250 
10 X 12 120 | 140} 160] 180] 200] 220} 240} 260) 280 800 
10 X 14 140} 163 | 187] 210} 233 | 257 | 280 | 303] 327 350 
12 X 12 144 | 168 | 192] 216} 240] 264) 288 | 312) 3836 360 
12 x 14 168 | 196 | 224] 252] 280 | 308 | 336] 3864] 392 420 
14 x 14 196 | 229] 261} 294] 327 | 359) 392) 425) 457 490 


FRENCH OR METRIC MEASURES. 


The metric unit of length is the metre = 39.37 inches, 

The metric unit of weight is the gram = 15.432 grains. 

The following prefixes are used for subdivisions and multiples; Milli = r¢5o, 
Centi = +45, Deci = #5, Deca = 10, Hecto = 100, Kilo = 1000, Myria = 10,000, - 


FRENCH AND BRITISH (AND AMERIOAN) 
EQUIVALENT MEASUBES, 


Measures of Length. A 
FRENOH. Britis and U. 8. 
1 metre = 89.37 inches, or 8.28083 feet, or 1.09861 yards. 
.8048 metre = 1 foot. 


1centimetre = .8937 inch, 
2.54 centimetres = 1 inch. 

1milimetre = .03937 inch, or 1/25 inch, nearly, 
25.4 millimetres = 1 inch. 

1kilometre = 1093.61 yards, or 0.62137 mile, 
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Measures of Surface, 


FRENCH. BrIitTIsh and U.S, 
— J 10.764 square feet, 
1 square metre i { 1.196 square yards, 
.836 square metre = 1 square yard, 
.0929 square metre = 1 square foot. 


1 square centimetre = .155 square inch, 
6.452 square centimetres = 1 square inch. 
1 square millimetre = .00155 sq. in. = 1973.5 circ. mils, 
645.2 square millimetres = 1 square inch. : 
1 centiare = 1 sq. metre = 10.764 square feet, 
1 are = 1 sq. decametre = LOTEl41 0 it* ye 
1 hectare = 100 ares = 07641) 1 ** “* = 2.4711 acres. 
1 sq. kilometre = ,886109 sq. miles = 7.11. 


1 sq. myriametre = 38.6109 
Of Volume, 
i FRENCH, Bees eee Ss. 
A — J$ 35.314 cubic feet, 
1 cubic metre Ta { 1.308 cubic yards. 
-7645 cubic metre = 1 cubic yard. 
.02832 cubic metre = 1 cubic foot. 


. ‘ — $ 61.023 cubic inche 
leubic decimetre = 4 *1)>8, cubic inches, 
28,82 cubic decimetres = 1 cubic foot, 
1 cubic centimetre = .061 cubic inch. 
16.387 cubic centimetres = 1 cubic inch. 


1 cubic centimetre =1 millilitre = .061 cubic inch. 
1 centilitre = =" 4.610", bi 
1 decilitre = => 6,102)" oh 
1 litre = 1 cubic decimetre = 61.023 “ “= 1.05671 quarts, U.S 
1 hectolitre or decistere = 98.5314 cubic feet = 2.8375 bushels, * 
1stere, kilolitre, or cubic metre = 1.308 cubic yards= 28,37 bushels, “‘ 
Of Capacity. 
FRENCH. BritisH and U. 8. 


eee wane otra 
1 litre (= 1 cubic decimetre) = 9699 pallies f ee ean), 
2,202 pounds of water at 62° F, 


28.317 litres = 1 cubic foot. 
4.543 litres = 1 gallon (British). 
3.785 litres = 1 gallon (American), 
Of Weight. 
FRENCH. BritisH and U.S. 
1 gramme = 15.432 grains. 
.0648 gramme = 1 grain. 
28.35 gramme = 1 ounce ayoirdupois. 
1 kilogramme = 2.2046 pounds. 
.4536 kilogramme =1 pound. 
1 tonne or metric ton = oo noniek 2240 pounds, 
1000 kilogrammes = | 2204.6 pounds, 


1,016 metric tons 
1016 kilogrammes : 1 ton of 2240 pounds. 

Mr. O, H. Titmann, in Bulletin No. 9 of the U. S. Coast and Geodetic Sur- 
vey, discusses the work of various authorities who have compared the yard 
and the metre, and by referring all the observations to a common standard 
has succeeded in reconciling the discrepancies within very narrow limits, 
The following are his results for the number of inches in a metre according 
to the comparisons of the authorities named: 


Wl 


39.86994 inches, 
- 89.36990 
89.36973  * 
39.36970 ** 
39,36984 
. 89,36982 * 
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METRIC CONVERSION TABLES. 


The following tables, with the subjoined memoranda, were published in 
1890 by the United States Coast and Geodetic Survey, office of standard 
weights and measures, T. C. Mendenhall, Superintendent. 


. ‘§Tables for Converting U. 8S. Weights and Measures— 
Customary to Metric. 


LINEAR, 
Inches to Milli- i Miles to Kilo- 
mathe’ Feet to Metres. | Yards to Metres. erGirca: 
1= 25.4001 0.304801 0.914402 1.60935 
2= 50.8001 0.609601 1.828804 3.21869 
a= 76.2002 0.914402 2.743205 4.82804 
4= 101.6002 1.219202 3.657607 6.48739 
Dp 127.0003 1.524003 4.572009 8.04674 
6= 152.4003 1.828804 5.486411 9.65608 
(= 77.8004 2.133604 6.400813 11.26543 
8= 203.2004 2.488405 7.815215 12.87478 
Sis 228.6005 2.743205 8.229616 14.48412 
Sd tg orale Eb ss ee eee 
SQUARE. 
Square Inches to “Square Feet to s 2 
‘ i 3 ‘ quare Yards to Acres to 
I ‘Square Centi- Bauaraieck Square Metres. Hectares. 
1= 6.452 9.290 0.836 0.4047 
2 12.903 18.581 1.672 0.8094 
a 19.355 27.871 2.508 1.2141 
(ee 25.807 37.161 3.344 1.6187 
i 32.258 46 452 4.181 2.0234 
= 38.710 55.742 5.017 2.4281 
ie 45.161 65.032 5.853 2.8328 
j= 51.613 74.328 6.689 3.2375 
= 58.065 83.613 7.525 8.6422 
CUBIC. | 
Cubic Inches to} Gypic Feet to | Cubic Yards to Bushels to 
Cubic Centi- Cubic Metres. | Cubic Metres. Hectolitres. 
metres. 
= 16.387 0.02832 , 0.765 0.35242 
= 32.774 0.05663 1.529 0.70485 
= 49.161 0.08495 2.294 1.05727 
= 65.549 0.11327 3.058 1.40969 
= 81.936 0.14158 3.822 1.76211 
= 98.323 0 16990 4.587 2.11454 
= 114.710 0.19822 5.352 2.46696 
= 131.097 0.22654 6.116 2.81938 
= 147.484 0.25485 6.881 3.17181 
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CAPACITY. 
Fluid Drachms 
to Millilitres or | Fluid Ounces to | Quarts to Litres./Gallons to Litres, 
Cubic Centi- Millilitres. 
metres. 
1= 3.70 29.57 0.94636 3. 
2= 7.39 59.15 1.89272 7.57088 
3= 11.09 88.72 2.83908 11.35632 
4= 14.79 118.20 3.78544 15.14176 
6= 18.48 147.87 4.73180 i 
6= 22.18 177.44 5.67816 22.71264 
Mo 25.88 207.02 6.62452 26. 49808 
8= 29.57 236.59 7.57088 30. 28352 
a= $3.28 266.16 8.51724 34.06896 
WEIGHT. 
! 
4 aa Avoirdupois Avoirdupois 
Grains to Milli- Ounces to Pounds to Kilo- trey Match, to 
BRU Grammes. grammes. . 
1= 64.7989 28.3495 0.45359 31.10348 
2— 129.5978 56.6991 0.90719 62.20696 
3= 194.3968 85.0486 1.36078 93.31044 
ce 259.1957 113.3981 1.81437 124. 41392 
5= 323.9946 141.7476 2.26796 155.51740 
6= 388.7985 170.0972 2.72156 186 .62089 
C= 453.5924 198.4467 3.17515 217 .72437 
8= 518.3914 226.7962 3.62874 248 82785 
a= 583.1903 255.1457 4.08233 279.93133 
1 chain = 20.1169 metres. 
1square mile = 259 hectares. 
1 fathom = 1.829 metres, 
1 nautical mile = 1853.27 metres. 
1 foot = 0.304801 metre. 
lavoir. pound = 453.5924277 gram. 
15432.35639 grains = 1 kilogramme. 
Tables for Converting U. 8S. Weights and Measures— 
Metrie to Customary. 
LINEAR. 
a ee ee ee 
Metres to Metres to Metres to Kilometres to 
Inches. Feet. Yards. Miles. 
1= 39.3700 | 3.28083 1.093611 0.62137 
2= 78.7400 6.56167 2.187222 1.24274 
= 118.1100 9.84250 3.280833 1.86411 
4= 157.4800 13. 12333 4.374444 2.48548 
5= 196.8500 16.40417 5.468056 3.10685 
6= 236 .2200 1968500 6.561667 3.72822 
= 275.5900 22.96583 7.655278 4.34959 
8= 314.9600 26. 24667 8.748889 4.97096 
a= 354.3300 29.5275 9.842500 5.59233 ’ 
ee 
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SQUARE. 


Square Centi- Square Metres | Square Metres Hectares to 


. ignie Tense? to Square Feet. |to Square Yards. ‘Acres. 
: 


a 
~) 
— 


COIR UPwmoe 


oS p, fs 1: dd 
i 0.3100 21.528 2.392 4.942 
a= 0.4650 32.292 3.588 7.413 
4= 0.6200 43.055 4.784 9.884 
6= 0.7750 53.819 5.980 12.355 
6= 0.9300 64.583 7.176 14.826 
(C= 1.0850 75.317 8.372 17.297 
8= 1.2400 86.111 9.568 19.768 
— 1.3950 96.874 10.764 22.239 
ES eS a A Sa bee oe el es 
CUBIC. 
Sob etbhs es ieee, eee ee eee 
Cubic Centi- Cubic Deci- : 7 
: -_| Cubie Metres to | Cubic Metres to 
amatree ho Cuble fmotres ee iynic |.” Cuble Feet |i: Cubic Karda. 
= 0.0610 61.023 85.314 -308 
= 0.1220 122.047 70.629 2.616 
= 0.1831 183.070 105.943 3.924 
= 0.2441 244.093 141.258 5.232 
= 0.3051 305.117 176.572 6.540 
= 0.3661 866.140 211.887 7.848 
= 0.4272 427.163 247.201 9.156 
= 0.4882 488.187 282.516 10.464 
= 0.5492 549.210 817.830 11.771 
CAPACITY. 


eee 
4 


Millilitres or | Gentilitres Dekalitres Steg 


COHAN OHmwIOH 


Cubic Centi- * Litres to 

: - to Fluid to 0 

Pe 0 Ounces. Quarts. Gallons. Bushels. 
— 0.27 0.338 1.0567 2.6417 2.8375 
= 0.54 0.676 2.1134 5. 5.6750 
att 0.81 1.014 3.1700 7.9251 8.5125 
= 1.08 1,352 4.2267 10.5668 11.3500 
= 1.35 1.691 5.2834 18.2085 14.1875 
= 1.62 2.029 6.3401 15.8502 17.0250 
= 1.89 2.368 7.3968 18.4919 19.8625 
— 2.16 2.706 8.4534 21,1336 : 22.7000 
= 2.43 3.043 9.5101 23.7753 25.5375 

SE RN i ee Ee ee a 
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WEIGHT. 
ae ‘ Hectogrammes | Kilogrammes 
rare eee (100 grammes) to Pounds 
2 é to Ounces Av. Avoirdupois. 
L= 0.01543 15432.36 3.5274 2.20462 — 
2= 0.08086 30864.71 7.0548 4.40924 
3= 0.04630 46297 .07 10.5822 6.61386 
4= 0.06173 61729 .43 14.1096 8.81849 
5 = 0.07716 7161.78 17.6370 11,02311 
6= 0.09259 92594 .14 21.1644 13.22773 
T= 0.10803 108026 .49 24.6918 1543235 
8.= 0.12346 123458 .85 28.2192 17.63697 
9= 0.18889 138891 .21 31.7466 19.84159 
WEIGHT—(Oontinued). 
Quintals to Milliers or Tonnes to | Grammes to Ounces, 
Pounds Ay. Pounds Av. 

1= 220.46 2204.6 0.08215 
2= 440.92 4409.2 0.064 
s= 661.38 6613.8 0.09645 
4= 881.84 8818.4 0.12860 
5= 1102.30 11023.0 0.16075 
6= 1322.76 13227.6 0.19290 
T= 1543.22 15432.2 0.22505 
8= 763.68 17636.8 0.25721 
9= 1984.14 19841.4 0.28936 


The only authorized material staridard of customary length is the 
Troughton scale belonging to this office, whose length at 59°.62 Fahr. con- 
forms to the British standard. The yard in use in the United States is there- 
fore equal to the British yard. : 

The only authorized material standard of customary weight is the Troy 
pound of the mint. It is of brass of unknown density, and therefore not 
suitable for a standard of mass. It was derived from the British standard 
Troy pone of 1758 by direct comparison. The British Avoirdupois pound 
was also derived from the latter, and contains 7000 grains Troy. 

« The grain Troy is therefore the same as the grain Avoirdupois, and the 
pound Avoirdupois in use in the United States is equal to the British pound 
/Avoirdupois. 

The metric system was legalized in the United States in 1866. 

By the concurrent action of the principal governments of the world an 
preerantionst Bureau of Weights and Measures has been established near 

aris. 

The International Standard Metre is derived from the Matre des Archives, 
and its length is defined by the distance between two lines at 0°. Centigrade, 
on a platinum-iridium bar deposited at the International Bureau. 

The International Standard Kilogramme is a mass of platinum-iridium 
deposited at the same place, and its weight in vacuo is the same as that of 
the Kilogramme des Archives. 

Copies of these international standards are deposited in the office of 
standard weights and measures of the U. S. Coast and Geodetic Survey. 

The litre is equal to a cubic decimetre of water, and it is measured by the 

uantity of distilled water which, at its maximum density, will counterpoise 
the standard kilogramme in a vacuum; the volume of such a quantity of 
water being, as nearly as has been ascertained, equal to a cubic decimetre. 
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COMPOUND UNITS. 
Measures of Pressure and Weight. 


144 lbs. per square foot. 
2.0355 ins. of mereury at i - 


1 lb. per square inch. = 0416 £8 $e 
2.309 ft. of water at 62° r 
i. CL Ins, oe Oe <P B8o By 


-1276 in. of mereury at 62° F, 
1.732 ins. of water at 62° F, 
2116, a Tbs. per square foot. 
7 ft, of water at 62° F. 


30 me ah mercury at 62° F 


1 ounce per sq. in. =} 
1 atmosphere (14.7 Ibs. per sq. in.) = (ee i 
i 29.922 ins. of mercury at 32° F. 
760 millimetres of mercury at 32° P, 


-03609 Ib. or .5774 oz. per sq. in. 
5.196 lbs. per square foot. 
-0736 in. of mercury at 62° F, 
5.2021 Aves per square | foot. 
036125 Ib. * inch, 
.433 lb. per square tec 
62.355 Ibs, ‘* a foot. 
.491 Ib. or 7.86 oz. per sq. in. 


1 inch of water at 62° F. = 


1 inch of water at 32° F, 
1 foot of water at 62° F. 


1,132 ft. of water at 62° 
13.58 ins. se 46 20 F 


Weight of One Cubic Foot of Pure Water. 


1 inch of mercury at 62° F, 


At 32° F. (freezing-point) 
“ 39.1° F. (maximum density) 
“ 62° F. (standard temperature) Bri 
“« 212° F. (boiling-point, under 1 atmosphere)........ 
American gallon = 231 cubic i ins. of water at 62° F. = 8.3356 lbs. 
British =R2i7.274 = 10 lbs. 
Measures of Work, Power, and Duty. 
W ork.—The sustained exertion of pressure through space. 
Unit of work,—One foot-pound, i.e., a pressure of one pound exerted 


through a space of one foot. 
Horse-power,.—The rate of work. Unit of horse-power = 33,000 ft.- 

Ibs. per minute, or 550 ft.-lbs. per second = 1,980,000 ft.-Ibs. per hour. 
Heat unit = heat required to raise 1 lb. of water 1° F. (from 39° to 40°), 


33 
Horse-power expressed in heat units = 78 = 42.416 heat units per min- 


ute = .707 heat unit per second = 2545 heat units per hour. 
§ 1,980,000 ft.-lbs. per. Ih. of fuel. 


1 lb. of fuel per H. P. per hour a By 545 heat units 
1,000,000 ft.-Ibs. per lb. of fuel = 1.98 lbs. of fuel per H. P. per hour. 


Feet d= pee mail h 
WVelocity.—Ffeet per second = 3600 — a x miles per hour. 


1760 
Gross tons per mile = et 4 11 ibs, per yard (single rail.) 


French and British Equivalents of Compound Units, 
FRENCH. BRITISH. 

1 gramme per square millimetre We a Ibs. per square inch. 

1 kilogramme per square * 422.3} 
~ centimetre 

1.0335 kg. &. per sq. cm. = 1 atmosphere 
0. pees iki ogramme per square centimetre 
Aiea per litre 

ilogrammetre 


6 


oes 


1 Ib. per square inch. 
0. 062428 lb. per cubic foot. 
7.2330 foot-pounds, 


~ 


Ying 
& 
~ 


{ 
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WIRE AND SHEET-METAL GAUGES COMPARED. 


| ges 5 eo E 3 British Imperial] = Sgrs 
Sar a5 cee rate i fos Standard Sonee5 a) 
BY, | tins | S55 |b Bool SE MS] Wire Gauge. a Sous] BS 
£2 | 880 | Sf o \e495/5— 3 8| decal standard |S oS Bae | Oo 
gS Bas ger 2e50 DSHS in Great Britain ag ogo gs 
ace | Bas [s B Bl Mar %eu) [23888 
A a 5e 474 | @e| March, 1884.) |. ; Beas 4. 
inch. 
: 15 7/0 
; 1469 6/0 
; "438 5/0 
: 1408 4/0 
; 1375 3/0 
: "344 2/0 
. 813 0 
7.62 281 1 
7.01 -266 2 
6.4 25 3 
5.89 234 4 
5.38 -219 5 
4.88 -203 6 
4.47 188 uf 
4.06 172 8 
3.66 1156 9 
3.25 141 10 
2.95 125 11 
2.64 109 12 
2.34 .094 13 
2.03 078 14 
1.83 15 
i 
18 
ae 
Le 
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EDISON, OR CIRCULAR MIL GAUGE, FOR ELEC- 
TRICAL WIRES. 


Gauge | ,. Diam- || Gauge | ,. Diam- || Gauge |,,;,, Diam- 
Num- |Cireular) “eter || Num- |Cireular! “Geer || Num- ee eter 
ber, S: | in Mils.|| ber. * |in Mils.|| ber, * |in Mils. 
ee so S| a SE oe A te 
8 8,000 54.78 VO |> 70,000 | 264.58 190 | 190,000 | 485.89 
5 5,000 70.72 7 75,000 | 273.87 200 | 200,000 | 447.22 
8 8,000 89.45 80. 80,000 | 282.85 220 220,000 | 469.05 
R 12,000 | 109,55 85 85,000 | 291.55 240 240,000 | 489.90 
15 15,000 | 122.48 90 90,000 | 300.00 260 | 260,000 | 509.91 


20 20,000 | 141.43 95 95,000 | 308.23 280 | 280,000 | 529.16 


30 30,000 | 173.21 |] 110 | 110,000 | 331.67 || 320 | 320,000 | 565.69 
i 35,000 | 187.09 |} 120 | 120,000 | 346.42 || 340 | 340,000 | 588.10 
40 40,000 | 200.00 |} 130 | 130,000 | 360.56 |} 360 | 360,000 | 600.00 


TWIST DRILL AND STEEL WIRE GAUGE. 
(Morse Twist Drill and Machine Co.) 


No.| Size. ||No.} Size. ||No.| Size. ||No.| Size. ||No.| Size. || No.| Size. 
inch, inch inch, inch inch inch. 
it +2280 |} 11 1910 |} 21 -1590 |} 31 «1200 || 41 0960}| 51 | .0670 
2 +2210 || 12 ~1890 || 22 1570 || 82 -1160 || 42 | .0935)| 52 | .0635 
3 2130 || 13 «1850 || 23 «1540 |} 33 1130 || 43 | .0890|| 53 0595 
4 +2090 |} 14 +1820 || 24 -1520 || 34 -1110 || 44 | .0860}| 54 0550 
5 2055 || 15 -1800 || 25 «1495 |} 385 +1100 || 45-| .0820|| 55 | .0520 
6 -2040 || 16 1770 |} 26 14% 36 -1065 || 46 | .0810|| 56 0465 
7 .2010 || 17 1730 |} 27 1440 || 37 +1640 || 47 785]| 57 | .0480 
8 -1990 }| 18 -1695 || 28 +1405 || 38 -1015 || 48 | .0760]| 58 0420 
9 .1960 || 19 -1660 || 29. 1560 || 39 +0995 || 49 0730|| 59 0410 
10 1935 || 20 +1610 || 30 1285 || 40 -0980 || 50 | .07 60 | .0400 
RSS AL BS a it Pe, Ae aa 


STUBS? STEEL WIRE GAUGE, 
(For Nos. 1 to 50 see table on page 28.) 


INo.| Size. ||No.| Size. ||No.| Size. ||No.| Size. || No.| Size. || No.| Size. 

inch, inch. inch, inch inch, inch. 
Z 413 P|) .823 Fr 257 51] .066 61 | .038 || 71 | .026 
34 404 oO 316 E 250 52 063 62 | .037 || 72 | .024 
x «897 N | .302 D 246 53 058 63 | .036 || 73 | .023 
Wii s«B86 M| .295 Cc 2242 54} .055 64 | '.035 || 74 | .022 
Vv 38i7 L 290 B +238 55 050 65 | .033 || 7 020 
U 368 K 281 A 234 56 045 66 | .082 || 76 | .018 
La 858 J 277 1 See 57 042 7 | ,O81 || 77 016 
Ss +348 I 272 to |< page || 58 | .041 68 | .030 || 78 | .015 
R +839 H 266 50 59 .040 69 | .029 || 79 014 
Q | .382 G 261 60 039 7 | .027 || 80 | .018 


_ The Stubs’ Steel Wire Gauge is used in measuring drawn steel wire or 
ath pods of Stubs’ make, and is also used by many makers of American 
Sy 
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THE EDISON @R CIRCULAR MIL WIRE GAUGE. 


(For table of copper wires by thisigauge, giving weights, electrical resist- 
ances, etc., see Copper Wire.) ; RES 

Mr. C. J, Field (Stevens Indieator, July, 1887) thus describes the origin of 
the Edison gauge: : 

The Edison company experienced inconvenience and loss by not having a 
wide enough range nor sufficient number of sizes in the existing gauges. 
This was felt more particularly in the central-station work in making 
electrical determinations for the street system. They were compelled to 
make use of two of the existing gauges at least, thereby introducing a 
Cepe ication. that was liable to lead to mistakes by the contractors and 

inemen, 

In the incandescent system an even distribution throughout the entire 
system and a uniform pressure at the point of delivery are obtained by cal- 
culating for a given maximum percentage of loss from the potential as 
delivered from the dynamo. In carrying this out, on account of lack of 
regular sizes, it was often necessary to use larger sizes than the occasion 
demanded, and even to assume new sizes for large underground conductors, 
it was also found that nearly all manufacturers based their calculation for 
the conductivity of their wire on a variety of units, and that not one used 
the latest unit as adopted by the British Association and determined from 
Dr. Matthiessen’s experiments ; and as this was the unit employed in the 
manufacture of the Edison lamps, there was a further reason for construct- 
ing a new gauge. The engineering department of the Edison company, 
Knowing the requirements, have designed a gauge that has the widest 
range obtainable and a large number of sizes which increase in a regular 
and uniform manner. The basis of the graduation is the sectional area, and 
the number of the wire corresponds, A wire of 100,000 circular mils area is 
No. 100 ; a wire of one half the size will be No. 50; twice the size No. 200. 

In the older gauges, as the number increased the size decreased. With 
this gauge, however, the number increases with the wire, and the number 
multiplied by 1000 will give the circular mils. 

The weight per mil-foot, 0.00006302705 pounds, agrees with a specific 
gravity of 8.889, which is the latest figure given for copper. The ampere 
capacity which is given was deduced from experiments made in the com- 
pany’s laboratory, and is based on arise of temperature of 50° F, in the wire. 

In 1893 Mr. Field writes, concerning gauges in use by electrical engineers: 

The B. and S. gauge seems to be in general use for the smaller sizes, up 
to 100,000 c. m., and in some eases a little larger. From between one and 
two hundred thousand circular mils upwards, the Edison gauge or its 
Saeretons is practically in use, and there is a general tendency to designate 

sizes above this in circular mils, specifying a wire as 200,000, 400,000, 500,- 
000, or 1,000,000 c. m. 

In the electrical business there is a large use of copper wire and rod and 

other materials of these large sizes, and in ordering them, speaking of them, 


THE U. S. STANDARD GAUGE FOR SHEET AND 
PLATE IRON AND STEEL, 1893. 


There is in this country no uniform or standard gauge, and the same 
numbers in different gauges represent. different thicknesses of sheets or 
plates. This has given rise to much misunderstanding and friction between 
employers and workmen and mistakes and fraud between dealers and con- 
sumers, 

An Act of Congress in 1893 established the Standard Gauge for sheet iron 
and steel which is given on the next page. It is based on the fact that a 
cubic foot of iron weighs 480 pounds, 

A sheet of iron 1 foot square and 1 inch thick weighs 40 pounds, or 640 
ounces, and 1 ounce in weight should be 1 /640 inch thick. The scale has 
been arranged so that each descriptive number represents a certain number 
of ounces in weight and an equal number of 640ths of an inch in thickness. 

The law enacts that on and after July 1, 1893, the new gauge shall be used. 
in determining duties and taxes levied on sheet and plate iron and steel; and 
that in its application a variation of 24 per cent either way may be allowed, 
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U. S. STANDARD GAUGE FOR SHEET AND PLATE 
IRON AND STEEL, 1893. 


foe 2a 8 A 2 of eB BleBeledeln3 o 

a ao | act g Bn 2 15Snk) Flu (SOog(5fq/53a8 

5 |ig2e| fees .| 82 8 [2288] Aoee las sae sleses 

ag [E25s| Soesd| 22.8 |aces|asi8 lee glsn cle" 82 

25 Kae 8 Rea ag Saag desg/S2os De tisoktGoss 

gs |2305|/ Sd3Eq| £97 8 |MsO5) Pans jes Pas ao 

eo |BRE"| EAS | GS & Eseble ges Ee Stic Mice’ 

2 |gae | ge h | gt Ss Fang rats Fag gal 3" 4 

i} 

0000000} 1-2 0.5 12.7 820 20. 9.072 |97.65 | 215.28 

000000} 15-32 | 0.4687 11.90625 10 18.75 8.505 |91.55 | 201.82 

00000} 7-16 |0.4375 11.1125 280 17.50 7.938 185.44 | 188.37 

0000} 13-32 | 0.40625 10.31875 260 16.25 7.871 179.33 | 174.91 

000. 0.375 9.525 240 «=(/15. 6.804 |73.24 | 161.46 

00 11-382 | 0.34375 8.78125 220 =|18.75 (6.237 |67.13 | 148.00 

0} 5-16 | 0.3125 7.93875 200 12.50 5.67 |61.03 | 184.55 

1} 9-82 |0.28125 7.14375 180 11.25 5.103 |54.93 | 121.09 

2| 17-64 | 0.265625 6.746875 170 10.625 (4.819 |51.88 | 114.37 

8} 1-4 .|0.25 i) 160 -|10. 4.586 /48.82 | 107.64 

4| 15-64 | 0.234375 5.953125 150 9.375 4.252 |45.77 | 100.91 

5) 7-382 | 0.21875 5.55625 140 8.75 3.969 |42.72 | 94.18 

6| 13-64 | 0.203125. 5.159375 130 8.125 3.685 |89.67 | 87.45 

7) 3-16 |0.1875 4.7625 120 75 3.402 |36.62 | 80.72 

8} 11-64 |0.17187 15 4.365625 110 6.875 3.118 |33.57 | 74.00 

9]. 5-32 0.15625 3.96875 100 6.25 2.835 |80.52 67.27 

‘ 10) 9-64 |0.140625 3.571875 90 5.625 2.552 |27.46 60.55 

li] 1-8 0.125 3.175 80 Dis 2.268 |24.41 53.82 

12] 7-64 |0.109375 2.778125 70 4.375 1.984 |21.86 | 47.09 

13] 38-382 |0.09375 2.38125 60 3.75 1.701 |18.31 | 40.36 

14| 5-64 |0.078125 1.984375 50 3.125 1.417 |15.26 | 83,64 

15} 9-128 |0.0703125 |1.7859375 45 2.8125 |1.276 |18.73 | 30.27 

16] 1-16 |0.0625 1.587 40 2.5 1.134 }12.21 26.91 

17} 9-160 |0.05625 1.42875 36 2.25 1.021 10.99 | 24.22 

| 18} 1-20 {0.05 1. 27, 32 2 0.9072] 9.765) 21.53 
| ; 

19} %160 |0.04375 1.11125 28 1.75 0.7938] 8.544) 18.84 

| 20| 3-80 |0.0375 0.9525 24 1.50 0.6804) 7.324) 16.15 

21| 11-820 |0.034375 {0.873125 22 1.875 0.6237) 6.713] 14.80 

22! 1-32 |0.03125 0.793750 20 1.25 0.567 | 6.103} 13.46 

23} 9-320 | 0.028125 0.714375 18 1.125 0.5103) 5.493} 12.11 

24| 1-40 |0.025 0.635 16 Ug 0.4536] 4.882) 10.76 

25| 7-820 |0.021875 [0.555625 14 0.875 0.3969] 4.272 9.42 

26| 3-160 | 0.01875 0.47625 12 0.75 0.3402} 3.662} 8.07 

27| 11-640 |0.0171875 |0.4365625 11 0.6875 |0.3119) 3.357 7.40 

28] 1-64 |0.015625 [0.396875 10 0.625 |0.2835) 3.052} 6.73 

29) 9-640 |0.0140625 |0.3571875 9 0.5625 |0.2551) 2.746 6.05 

30} 1-80 | 0.0125 0.3175 8 0.5 0.2268] 2.441 5.38 

81} 7-640 |0.0109375 |0.2778125 7 0.4375 |0.1984] 2.136} 4.71 

82] 13-1280] 0.01015625 |0.25796875 646 | 0.40625 |0.1843) 1.983} 4.37 

83| 38-320 |0.009375 {0.238125 6 0.375 |0.1701) 1.831 4.04 

ssl 11-1280} 0.00859375 |0.21828125 516 | 0.34375 |0.1559) 1.678} 3.70 

35f 5-640 |0.0078125 |0.1984375 5 0.3125 |0.1417) 1.526 3.36 

36} 9~1280) 0.00708125 |0.17859375 416 | 0.28125 |0.1276} 1.873) 3.03 

37| 17-2560 0.006640625)0.168671875 414 | 0.265625/0.1205) 1.297} 2.87 

38} 1-160 | 0.00625 0.15875 4 0.25 0.1134) 1.221 2.69 

_ AT ga I IN a ease See ALU PI Eee? See ene OS 
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The Decimal Gauge.—The legalization of the standard sheet-metal 
gauge of 1893 and its adoption by some manufacturers of sheet iron have 
only added to the existing confusion of gauges. A joint committee of the 
American Society of Mechanical Engineers and the American Railway 
Master Mechanics’ Association in 1895 agreed to recommend the use of the 
decimal gauge, that is, a gauge whose number for each thickness is the 
number of thousandths of an inch in that thickness, and also to recommend 
“the abandonment and disuse of the various other gauges now in use, as 
tending to confusion and error.” A notched gauge of oval form, shown in 
the cut below, has come into use as a standard form of the decimal gauge. 

In 1904 The Westinghouse Electric & Mfg. Co. abandoned the use of gauge 
numbers in referring to wire, sheet metal, etc. 


Weight of Sheet Iron and Steel. Thickness by Decimal 


Gauge. 
A Weight per @ Weizht per 
g E | Square Foot A g Square Foot 
é 2 2 in Pounds. 3: 2 8 in Pounds. 
a3) a] bo 3) 5 
2 £4 mB | #3 2 BEA] aS | as 
ye ee eee Sea contd eR tives (ae ee 
= Pa! : oF |aas = al 4 ob |OEsS 
Ci Ka K SO |v 3 Ky vl SO |v Key 
| ES e |oalessl 4 Eo R13 g48 
13) i Qa 3) 4 
We) a om | SHO 3 fe) roy om | oO 
a 4 4/4 |a a 4 4/4 |a 
0.002 1/500 0.05 | 0.08 | 0.082 § 0.060 1/16 — | 1.52 | 2.40] 2,448 
0,004 1/250 0.10 | 0.16 | 0.163 9 0.065 | 13/200 1.65 | 2.60 652 
0.006 3/500 0.15 | 0.24 | 0.245 § 0.070 | 7/100 1.78 |} 2.80] 2.856 
0.008 1/125 0.20 | 0.82 | 0.326 § 0.075 | 8/40 1.90 | 3.00 3.060 
0.010 1/100 0.25 | 0.4 0.408 § 0.080 | 2/25 2.03 | 3.20] 3.264 
0.012 | 3/250 0.30 | 0.48 | 0.490 # 0.085 | 17/200 2.16 | 3.40} 38.468 
0.014 7/500 0.36 | 0.56 | 0.571 § 0.090 | 9/100 2.28 | 3.60 | 3.672 
0.016 1/64 + | 0.41 | 0.64 | 0.653 f 0.095 | 19/200 2.411 8.80] 3.876 
0.018 9/500 0.46 | 0.72 | 0.734 § 0.100 1/10 2.54 | 4.00} 4.080 
0.020 1/50 0.51 | 0,80 | 0.816 # 0.110 | 11/100 2.79 | 4.40] 4.488 
0.022 | 11/500 0.56 | 0.88 | 0.898 0.125 1/8 3.18 | 5.00 5.100 
0.025 1/4 0.64 | 1.00 | 1.020 f 0.135 | 27/200 8.43 | 5.40 | 5.508 
0.028 7/250 0.71 | 1.12 | 1.142 9 0.150] 3/2 8.81 | 6.00} 6.120 
0.032 1/32 0.81 } 1.28 | 1.306 # 0.165 | 33/200 4.19 | 6.60 | 6.7382 
0.036 9/250 0.91 | 1.44 | 1.469 f 0.180 9/50 4.57 | 7.20 | 7.344 
0.040 1/25 1.02 } 1.60 | 1.6382 # 0.200 1/5 5.08 | 8.00 8.160 
0.045 9/200 1.14 | 1.80 } 1.836 9 0.220 | 11/50 5.59 | 8.80 8.976 
0.050 1/20 1.27 | 2 00 | 2.040 § 0.240 | 6/25 6.10 | 9.60 9.792 
0.055 | 11/200 1.40 | 2.20 | 2.244 § 0.250 1/4 6.35 110.00 * 10.200 
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Addition,—Addaandb. Ans.a+b. Adda,b,and—c. Ans. a+b-e, 

Add 2a and — 3a. Ans.—a. Add 2ab, — 3ab, —c, — 8c. Ans. — ab — de, 

Seer ection. eubtract afromb, Ans,b—a, Subtract — a from — b, 
Ss. — a. : 

Subtract b-+cfroma. Ans.a—b—c. Subtract 3a2b— 9c from 4a7b +e, 
oe ae +10c. Rue: Change the signs of the subtrahend and proceed as 

in addition. - . 

Multiplication.—Multiply a by b. Ans. ab, Multiply ab by a+b, 
Ans. a2b + ab?. 

Multiply a+bbya+b. Ans. (a+b)(a+ b) = a? + 2ab + b2, 

Multiply —a by —b. Ans. ab. Multiply — a by 6. Ans,—ab. Like 
signs give plus, unlike signs minus, 

Powers of numbers.—The product of two or more powers of any 
number is the number with an exponent equal to the sum of the powers: 
a? x a8 = a®; a2b® x ab = a3b3; — Yab x 2ac = — 14 abe. 

To multiply a polynomial by a monomial, multiply each term of the poly- 
penal by the monomial and add the’partial products: (6a — 3b) x 3¢ = 18ac 
— 9be. : 

To multiply two polynomials, multiply each term of one factor by each 

_term of the other and add the partial products: (5a — 6b) x (84 — 4b) = 
15a? — 38ab + 242. 
* The square of the sum of two numbers =.sum of their squares + twice 
‘their product, 

The square of the difference of two numbers = the sum of their squares 
— twice their product, 

The product of the sum and difference of two numbers = the difference 
of their squares: 

(a + 6)? = a? + 2ab+b2; (a — b)? =a? — 2ab-+ b2; 
(a+b) x (a—b)=a? — d2, 
_’ The square of half the sums of two quantities is equal to their product plus 
2 re, 
the square of half their difference: ( % + ye ab +- a 5 2 
The square of the sum of two quantities is equal to four times their prod. 
ucts, plus the square of their difference: (a + b)? = dab + (a — b)2 

The sum of the squares of two quantities equals twice their product, plus 
the square of their difference: a2 + 52 = 2ab x (a -- b)?. 

The square of a trinomial = the square of each term + twice the product 
of each term by each of the terms that follow it: (a +b +c)? = at + b% + 
¢? +-2ab + 2ac -+-2be; (a — b —c)? = a? +b? + c? — 2ab — 2ac + 2be. 

The square of (any number + 14) = square of the number + the number 
+ 14; = the number (the number + 1) + Y4s 
(a+ 74)? = a? + a+34, =a(a+1)+14. (449)2=42 4 4444=4 x544 = 204, 

The product of any number +- 44 by any other number + 14 = product of 
the numbers + half their sum + Ww. (a+) Xb4+%)=ab+ W(a+d)+\%,. 
46 X 616 = 4X 6+4+W44+6)4+ 4 =4+54 = 204. 

Square, cube, 4th power, etc., of a binomial a+b, 


(a +b)? = a? -+ 2ab +02; (a +b)3 = a3 +302 + 8ab2 + b3; 
se (a+b)! = a4 ash 6a2b2 + 4ab3 + bt, : 


In each case the number of terms is one greater than the exponent of _ 


the power to which the binomial is raised. : 

®. In the first term the exponent of a is the same as the exponent of the. 

ower to which the binomial is raised, and it decreases by 1 in each succeed- 
ing term, 

3, bappears in the second term with the exponent 1, and its exponent 
‘increases by 1 in each succeeding term. 

4. The coefficient of the first term is 1. 

5. The coefficient of the second term is the exponent of the power to 
which the binomial is raised. 

_ 6. The coefficient of each succeeding term is found from the next pre- 
‘ceding term by multiplying its coefficient by the exponent of a, and divid- 
‘ing the product by a number greater by 1 than the exponent of 6. (See 
‘Binomial Theorem, below.) 
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Parentheses,—When a parenthesis is preceded by a plus sign it may be 
removed without changing the value of the expression: a +b + (a+b) = 
2a + 2b. When a parenthesis is preceded by a minus sign it may be removed 
if we change the signs of all the terms within the parenthesis: 1 —(a — 0b 
—c)=1—a+6+¢c, When a parenthesis is within a parenthesis remove 
the inner one first: a—[b- fe- (d — e) | =a— [o—{e-a+el | 
=a -—-—[b—c+"d—e] =a—b+c--d+e. 

A multiplication sign, X, has the effect of a parenthesis, in that the oper- 
ation indicated by it must be performed before the operations of addition 
or subtraction. a+bxa+b=a-+ ab-+ 6; while (a+b) X (@a+b)= 
a? + 2ab + b?, and (a+b)xa+b=a?+ab+b. 

Division.—The quotient is positive when the dividend and divisor 
have like signs, and negative wheu they have unlike signs: abe + b = ac; 
abe + — b= — ae, 

To divide a monomial by a monomial, write the dividend over the divisor 
with a line between them, If the expressions have common factors, remove 
the common factors: - 

ey ee GNba Is GR ea A yd oe eal is 
p ~ aby y’” as ? ab’ at 

To divide a polynomial by a monomial, divide each term of the polynomial 
by the monomial: (8ab — 12ac) + 4a = 2b — 8c. 

To divide a polynomial by a polynomial, arrange both dividend and divi- 
sor in the order of the ascending or descending powers of some common 
letter, and keep this arrangement throughout the operation. ; 7 

Divide the first term of the dividend by the first term of the divisor, and 
write the result as the first term of the quotient, 

Multiply all the terms of the divisor by the first term of the quotient and 
subtract the product from the dividend. If there be a remainder, consider 
it as a new dividend and proceed as before: (a? — b?) + (a + 6). 


a? —Bla+b. 
a?+ab|a—b. 
— ab — b?, 
—ab— b%, 


The difference of two equal odd powers of any two numbers is divisible 
by their difference and also by their sum: 

(a8 — b8) + (a — b) = a? + ab+ b?; (a3 — b3) + (a+b) = a? — ab + D?. 

The difference of two equal even powers of two numbers is divisible by 
their difference and also by their sum: (a? — b?) + (a — b) = a-+ b. 

The sum of two equal even powers of two numbers is not divisible by 
either the difference or the sum of the numbers; but when the exponent 
of each of the two equal powers is composed of an odd and an even factor, 
the sum of the given power is divisible by the sum of the powers expressed 
by the even factor. Thus 2° + y® is not divisible by x + yor by x — y, but is 
divisible by ”? + y?. 

Simple equations.—An equation is a statement of equality between 
two expressions; as,a+b=c+d. 

A simple equation, or equation of the first degree, is one which contains 
only the first power of the unknown quantity. If equal changes be made 
(by addition, subtraction, multiplication, or division) in both sides of an 
equation, the results will be equal. 

Any term may be changed from one side of an equation to another, pro- 
vided its sign be changed: a+b=c+d; a=c+d-—b. To solve an 
equation having one unknown quantity, transpose all the terms involving 
the unknown quantity to one side of the equation, and all the other terms 
to the other side; combine like terms, and divide both sides by the coefficient 
of the unknown quantity. 

Solve 8a — 29 = 26 — 3%. 8x -+ 34 = 29-4 26; lla = 55;2 =5, ans. 

Simple algebraic problems containing one unknown quantity are solved 
by making x = the unknown quantity, and stating the conditions of the 
problem in the form of an algebraic equation, and then solving the equa- 
tion. What two numbers are those whose sur is 48 and difference 14? Let 
a@ = the smaller number, x + 14 the greater. *+%+414=48 2% = 34,2 
= 17; © + 14= 31, ans, 

Find a number whose treble exceeds 50 as much as its double falls shori 
of 40. Leta =thenumber. 3x — 50 = 40 — 2a; 5a = 90;x = 18,ans. Prov 
ing, 54 — 50 = 40 — 36. 


+ 
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Equations containing two unknown quantities.—If one 
equation contains two unknown quantities, # and y, an indefinite number of 
pairs of values of 2 and y may be found that will satisfy the equation, but if 
a second equation be given only one pair of values can be found that will 
satisfy both equations. Simultaneous equations, or those that may be satis- 
fied by the same values of the unknown quantities, are solved by combining 
the equations so as to obtain a single equation containing only one unknown 
quantity. This process is called elimination. 

Elimination by addition or -subtraction.—Multiply the equation by 
such numbers as will make the coefficients of one of the unknown quanti- 
ties equal in the resulting equation. Add or subtract the resulting equa- 
tions according as they have unlike or like signs. 

22+ 38y= 7. Multiply by 2: 4a + 6y = 14 

Solve ie — Sy = 3. Subtract: 4a— by = 3 Lys yi 

Substituting value of y in first equation, 2x +3 = Vaciiaee 

Elimination by substitution.—From one of the equations obtain the 
value of one of the unknown quantities in terms of the other. Substitu- 
tute for this unknown quantity its value in the other equation and reduce - 
the resulting equations, 


2¢ + 8y = 8. (1). From (1) we finds = 
8a + Ty = 7%, (2). 


Substitute this value in (2): ae 3 LD) + ly =7; = 24-94 My = 14° 


whence y = — 2. Substitute this value in (1); 22 — 6 = 8x "7, 

Hlimination by comparison.—From each equation obtain the value of 
one of the unknown quantities in terms of the other. Forman equation 
from these equal values, and reduce this equation. 


2% —9y= 11. (1). From(1)we find 2 = a 


8 — 38y 


Solve ; 2 


Solve 
i 8a—4y=7. (2). From @)we find ¢ = 744 


Equating these values of 2, a a oy = it 3 19y = — 19; y= — 1. 

Substitute this value of yin (1): 2e-+9=11;"=1. 

If three simultaneous equations are given containing three unknown 
quantities, one of the unknown quantities must be eliminated between two 
pairs of the equations; then a second between the two resulting equations. 

Quadratic equations.—A quadratic equation contains the square 
of the unknown quantity, but no higher power. A pure quadratic contains 
the square only; an affected quadratic both the square and the first power, 

Lo solve a pure quadratic, collect the unknown quantities on one side, 
and the known quantities on the other; divide by the coefficient of the un- 
known quantity and extract the square root of each side of the resulting 
equation. 


Solve 322 -15=0. 842 = 15;a2 =5;a= 5 / 


A root like “5, which is indicated, but which can be found only approxi- 
mately, is called a swrd. 


Solve 342-15 =0, 8¢72 = — 15;47=—5;2= V— 5; 

The square root of — 5 cannot be found even approximately, for the square 
of any number positive or negative is positive; therefore a.root which is in- ~ 
dicated, but cannot be found even approximately, is called imaginary. 

To solve an affected quadratic.—1. Convert the equation into the forn 
a*x? + 2abx = c, multiplying or dividing the equation if necessary, sO as 
to make the coefficient of «? a square number, 

2. Complete the square of the first member of the equation, so as to con- 
vert it to the form of ax? + 2aba + b2, which is the square of the binomial 
ax + b, as follows: add to each side of the equation the square of the quo- 
tient obtained by dividing the second term by twice the square root of the 
first term. 

8. Extract the square root of each side of the resulting equation. 

Solve 3a? — 4a = 32. To make the coefficient of a? a square number, 
multiply by 3: 9x2 — 12% = 96; 12% + (2 x 3a) = 2; 22 = 4, 

Complete the square; 9% — 12%-+4+4= 100. Extract the root: 37 —2 = + 
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10, whence # = 4 or — 2.2/3. The square root of 100 is either + 10 or — 10, 
since the square of — 10 as well as + 102 = 100. 

Problems involving quadratic equations have apparently two solutions, as 
a quadratic has two roots. Sometimes both will be true solutions, but gen- 
erally one only will be a solution and the other be inconsistent with the 
conditions of the problem. : 

The sum of the squares of two consecutive positive numbers is 481. Find 
the numbers. 

Eee = one number, «+ 1 the other, a?+ (7 +1)? = 481. 22242741 


2+ & = 240. Completing the square, x? + 2+ 0.25 = 240.25. Extracting 
the root we obtain « + 0.5 = + 15.5; a = 15 or — 16. 

The positive root gives for the numbers 15 and 16. The negative root — 
16 is inconsistent with the conditions of the problem. 

Quadratic Spentions containing two unknown quantities require different 
methods for their solution, according to the form of the equations. For 
these methods reference must be made to works on algebra. 


na — S 
Theory of exponents.— a when 7 is a positive integer is one of n 


ee 
pana factors of a. V a” means a is to be raised to the mth power and the 
nth root extracted. 

n 


a) means that the nth root of a is to be taken and the result 
Taised to the mth power. 


n n m Lag 
Va" = (Va ) =a”. When the exponent is 4 fraction, the numera- 
tor indicates a power, and the denominator a root. at = VA ae a2; a? = 


Vai = ais, 
To extract the root of a quantity raised to an indicated power, divide 


the exponent by the index of the required root; as, 


2 ,— as 37— 
Va = an’? Wat Zar a 
Subtracting 1 from the exponent of a is equivalent to dividing by a: 


a ze 1 
@-l=ql=a; @-t=a9=7 =1; a’-l=a-1= 75 ed laa-t=— 
A number with a negative exponent denotes the reciprocal of the number 
with the corresponding positive exponent. “ 
A factor under the radical sign whose root can be taken may, by haying 
the root taken, be removed from under the radical sign: 


Web = fa x Pozar. 
A factor outside the radical sign may be raised to the corresponding 
power and placed under it: 


ae ab _ Le A = a 1; 
4/%= B= yf/co x = 5 Vad naive 


Binomial Theorem.—To obtain any power, as the nth, of an ex- 
pression of the form # +a 


eee Y 73 Pa 
(@-+-2)* =0* 4 nat 2 4 2 ; De cae (n re Qa ee 


ete. . 
The following laws hold for any term in the expansion of (a + x)’. 
The exponent of x is less by one than the number of terms. 
The exponent of a is n minus the exponent of «. 
The last factor of the numerator is greater by one than the exponent of a, 
The last factor of the denominator is the same as the exponent of z. 
In the rth term the exponent of a will be r — 1. 
The exponent of a will be n — (r — 1), orn —r+1. 
The last factor of the numerator will be n — r + 2. 
The last factor of the denominator will be = r —1. 
n(n —1)in — 2)... n—7 +2) 


Hence the rth term = 1 .Oyas ae di fy 


aw-r+igr-t 
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1. To bisect a straight line, 
or an are of a cirele (Fig. 1).— 
From the ends 4, B, as centres, de- 
scribe arcs intersecting at O and D, 
and draw a line through C and D 
which will bisect the line at # or the 
are at Ff. 


2. To draw a perpendicular 
toa pepe as line, or a radial 
line to a cireular are.—Same as 
in Problem 1. C Dis perpendicular to 
the line 4 B, and also radial to thearc, 


3. To draw a perpendicular 
to astraight line froma given 
point in that line (Fig. 2).—With 
any radius, from the given point A in 
the line B C, cut the line at Band C. 
With a longer radius describe arcs 
from Band GC, cutting each other at 
D, and draw the perpendicular D A. 


4, From theend 4 ofazgiven 
line A D to erect a perpendic= 
ular 4 £ (Fig. 3).—From any centre 
F, above A D, describe a circle passing 
through the given point A, and cut- 
ting the given line at D. Draw D F 
and produce it to cut the circle at EZ, 
and draw the perpendicular A EZ. 

Second Method (Fig. 4)—From the 
given point A set off a distance 4 EF 
equal to three parts, by any scale; 
and onthe centres A and E, with radii 
of four and five parts respectively, 
describe arcsintersecting at C. Draw 
the perpendicular A C. : 

Nore.—This method is most useful 
on very large scales, where straight 
edges areinapplicable. Any multiples 
of the numbers 3, 4, 5 may be taken 
on the same effect as 6, 8, 10, or 9, 
12, 15. 


5. To draw a perpendicular 
toa ssid So line from any 
point without it (Fig. 5.)\—From 
the point A, with a sufficient radius- 
cut the given line at F and G, and 
from these points describe ares cut- 
tine, at EZ. Draw the perpendicular 
AE. 


6. To draw a straight line 
parallel to a given e€, ata 
ire distance apart (Fig. 6).— 

rom the centres 4, B, in the given 
line, with the given distance as radius, 
describe ares C, D, and draw the par- 
_&.1e1 In es CD touching the arcs. 
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7. Lo divide a straight line 
into a number of equal parts 
(Fig. 7).—To divide the line A B into, 
say, five parts, draw the line A C at 
an angle from 4; set off five equal 
parts; draw B 5 and draw parallels to 
it from the other points of division in 
AC. These parallels divide A B as 
required. E 

Notr.—By a similar process a line 
may be divided into a number of un- 
equal parts; setting off divisions on 
A C, proportional by a scale to the re- 
quired divisions, and drawing parallel 
eutting A B. The triangles Ail, A22, 
A83, ete., are similar triangles. 


8. Upon a straight line to 
draw an angle equal to 2 
given angle (ig. 8).—Let A be the 
given angle and #’G the line. From 
the point A with any radius describe 
the are DE. From F' with the same 
radius describe JH. Set off the are 
I Hequalto D E,and draw FH. The 
angle # is equal to A, as required. 


9. To draw angles of 60° 
and 30° (Fig. 9).—From F, with 
any radius F’J, describe an are IH; 
and from J, with the same radius, cut 
the are at H and draw F Hto form 
the required angle] # H. Draw the 
perpendicular H K to the base line to 
form the angle of 30° # HK. 


10. To draw an angle of 45° 
(Fig. 10).—Set off the distance FT; 
draw the perpendicular J H equal to 
II, and join H F'to form the angle at 
F. The angle at His also 45°. 


11. To bisect am angle (Fig. 
11).—Let A C B be the angle; with 0 
as a centre draw an are cutting the 
sides at 4, B. From A and B as 
centres, describe arcs cutting each 
other at D. Draw C D, dividing the 
angle into two equal parts, 


12. Through two given 
points to describe an are of 
a circle with a given radius 
(Fig. 12).—From the points 4 aud B 
as centres, with the given radius, de’ 
scribe arcs cutting at C; and from 
C with the same radius describe an 
are A B, 
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13. To find the centre ofa 
ecirele or of an are of a circle 
(Fig. 13).—Select three points, A, B, 
C, in the circumference, well apart; 
with the same radius describe ares 
from these three points, cutting each 
other, and draw the two lines, DZ, 
F G, through their intersections. The 
point O, where they cut, is the centre 
of the circle or are. 

To describe a circle passing 
through three given points, 
—Let A, B, C be the given points, and 
Fr 3 proceed as in last problem to find the 

Te. 13, centre O, from which the circle may 

be described. 


14, To describe an are of 
a eircle passing through 
three given points when 
the centre is not available 
(Fig.14).—From the extreme points 
A, B,as centres, describe arcs 4 H, 
BG. Through the third point C 
draw A H, BF, cutting the ares, 
Divide 4 fF’ and B # into any num- 
ber of equal parts, and set off a 
series of equal parts of the same 
length on the upper portions of the 
ares beyond the points HF. Draw 
straight lines, BL, B YW, etc., to 
the divisions in A 7’, and A I, 4 K, 
ete., to the divisionsin HG. The 
successive intersections J, O, etc., 
' of these lines are points in the 
circle required between the given 
points A and C, which may be 
drawn in ; similarly the remaining 
part of the curve B C may be 
described. (See also Problem 54.) 


15. To draw a tangent to 
a circle from a given point 
in the circumference (Fig. 15). 
—Through the given point A, draw the 
radial line A C,and a perpendicular 
to it, 7 G, which is the tangent re- 


quired. 
ie 
fe 16. To draw tangents to a 
E circle from a point without 


it (Fig. 16).—_From A, with the radius 


A C, deseribe an arc BC D, and from... ,__ 


C. with a radius equal to the diametér 
A of the circle, cut the are at B D. Jom 
BO, C D, cutting the circle at EF, 
and draw_A H, A F, the tangents. 
E Notr.—When a tangent is already 
‘ drawn, the exact point of contact may 


\ 
\ be found by drawing a perpendicular 
XD ; to it from the centre. 
Fie. 16. 


17. Between two inclined lines to draw a series of cir= 
eles touching these lines and touching each other (Fig. 17). 
—Bisect the inclination of the given lines A B, C_D, by the line NV O. From 
a point P in this line draw the perpendicular P B to the line A B, and 
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on P describe the circle B D, touching 
the lines and cutting the centre line 
at #. From E draw EF F perpendicular 
to the centre line, cutting AB at F, 
and from F' describe an are E G, cut- 
ting A Bat G. Draw @ H parallel to 
B P, giving H, the centre of the next 
circle, to be described with the radius 
HE, and so on for the next circle IN. 

Inversely, the largest circle may be 
described first, and the smaller ones 
in succession. This problem is of fre- 
quent use in scroll-work. 


18. Between two inclined 
lines to draw a circular seg- 
ment tangent to the linesand 
passing through a point F 
on the line / C which bisects 
the angle of the lines (Fig. 18), 
—Through F' draw D A atright angles 
to # C; bisect the angles A and D, as 
in Problem 11, by lines cutting at C, 
and from C with radius OC F draw the 
are H F G@ required.* 


19. To draw a circular are 
that will be tangent to two 
given lines 4A B and C Din« 
clined to one another, one 
tangential point E£ being 
givem (Fig. 19)..—Draw the centre 
Ine GF. From E draw F Fat right 
to angles A B; then F'is the centre 
of the circle required. 


20. To describe a circular 
are joining two circles, and 
touching one of them at a 
given point (Fig. 20).—To join the 
circles A B, F G, by an are touching 
one of them at F, draw the radius ZF’, 
and produce it both ways. Set off # H 
equal to the radius 4 C of the other 
circle; join C H and bisect it with the 
perpendicular Z J, cutting EF at I. 
On the centre J, with radius TF, de- 
scribe the are F' A as required. 


21. To draw a circle witha 
given radius F that will be 
tangent to two given cireles 
A and B (Fig. 21).—From centre 
of circle 4 with radius equal R plus 
radius of A, and from centre of B with 
radius equal to R +-radius of B, draw 
two ares cutting each other in C, which 
will be the centre of the circle re- 
quired. 


22. To construct an equi- 
lateral triangle, the sides 
being given (Fig. 22).—On the ends 
of one side, 4, B, with A Bas radius, 
describe ares cutting at C, and draw 
AC,CB. 
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23. To construct a triangle 
< of unequal sides (Fig. 23).—On 
either end of the base A D, with the 
side B as radius, describe an arc; 
D and with the side Cas radius, om the 
other end of the base as a centre, cut 

thearcat #. Join A £, DE, 


24. To construct 2 square 
on a given straight line 4 B 
(Fig. 24).—With A B as radius and A 
and B as centres, draw ares A. Dand B 
C, intersecting at H. Bisect H Bat F. 
With E as centre and # Fas radius. 
cut the arcs 4 D and B Cin D and C. 
Join A C, C D,and DB to form the 
square, 


25. To construct a rect= 
angle with given base HE F 
and height £ H (Fig. 25).—On the 
base # F'draw the perpendiculars # H, 
F Gequal to the height, and join G H. 


26. To describe a_ cirele 
about a triangle (Fig. 26).— 
Bisect two sides A B, A C of the tri- 
angle at HF, and from these points 
draw perpendiculars cutting at K. On 
the centre K, with the radius K A, 
draw the circle A BC, 


2%. Ko imseribe a circle in 
a triangle (Fig. 2”),—Bisect two of 
the angles A, C, of the triangle by lines 
cutting at D; from D draw a per- 
pendicular D Eto any side, and with 
D Eas radius describe a circle. 

When the triangle is equilateral, 
draw a perpendicular from one of the 
angles to the opposite side, and from 
the side set off one third of the per- 
pendicular. 

28. Ko describe a circle_ 
about a square, and to in= 
scribe a square in a circle (Fig. 
28).—To describe the circle, draw the 
diagonals A B, C D of the square, cut- 
ting at H. On the centre H, with the . 
radius A EF, describe the circle. 

To inscribe the square.— 
Draw the two diameters, A &, CO D, at 
right angles, and join the points A, B, 
C D, to form the square, 

Norr.—In the same way a circle may 
be described about a rectangle, 
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29. To inscribe a circle ina 
Square (Fig. 29).—To inscribe the 
circle, draw the diagonals AB, CD 
of the square, cutting at E; draw the 
perpendicular EF to one side, and 
iid the radius HE F describe the 
circle, 


30. Ko describe a square 
about a cirele (Fig. 30) —Draw two 
diameters 4 B, CD at right angles. 
With the radius of the circle and A, B, 
C and D as centres, draw the four 
half circles which cross one another 
in the corners of the square. 


31. To inscribe a pentagon 
in a circle (Fig. 31)—Draw diam- 


eters A C, B Dat right angles, cutting ~ 7 


ato. Bisect 4o at E, and from E, 
with radius £ B, cut A Cat F; from 
B, with radius B F, cut the cireumfer- 
ence at G, H, and with the same radius 
step round the circle to [and K; join 
the points so found to form the penta. 
gon, 


32. To construct a penta: 
£on on a given line 4 B (Fig. 
32).—From # erect a perpendicular 
B Chalf the length of 4 B; join AC 
and prolong it to D, making CD = BC. 
Then B D is the radius of the circle 
circumscribing the pentagon. From 
A and Bas centres, with B Das radius, 
draw ares cutting each other in 0, 
which is the centre of the circle. 


33. To construct a hexacon 
upon a given straight line 
(Fig. 33).—From A and B, the ends of 
the given line, with radius 4 B, de- 
scribe arcs cutting at g; from g, With 
the radius g A, describe a circle; with 
the same radius set off the arcs _4 G, 
GF,andBD,DE, Jointhe points so 
found to form the hexagon. The side 
of a hexagon = radius of its circum- 
scribed circle. 


34. To inscribe a hexagon 
in a circle (Fig. 34).—Draw a diam- 
eter A CB. From A and B as centres, 
with the radius of the circle _4 C, cut 
the circumference at D, E, F, G, and 
draw A D,D #, ete., to form the hexa- 
gon. The radius of the circle is Ve 
to the side of the hexagon; therefore 
the points D, E, etc., may also be 
found by stepping the radius six 
times round the circle. The angle 
between the diameter and the sides of 
a hexagon and also the exterior angle 
between a side and an adjacent side 

rolonged is 60 degrees: therefore a 

exagon may conveniently be drawn 
by the use of a 60-degree triangle. 
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35. To describe a hexagon 
about a cirele (Fig. 35).—Draw a 
diameter A D B, and with the radius 
A D, on the centre A, cut the circum- 
ference at C; join A C, and bisect it 
with the radius D Z ; through # draw 
FG, parallel to A C, cutting the diam- 
eter at F, and with the radius D F' de- 
scribe the circumscribing circle F' H. 
Within this circle describe a hexagon 
by the preceding problem. A more 
convenient method is by use of a 60- 
degree triangle. Four of the sides 
make angles of 60 degrees with the 
diameter, and the other two are par- 
allel to the diameter. 


36. To describe an octagon 
on a given straight lime (Fig. 
36).—Produce the given line A B bot! 
ways, and draw perpendiculars A EH, 
B F; bisect the external angles A and 
B by the lines A H, B C, which make 
equalto 4 B. Draw C D and H G par- 
allel to A H, and equal to AB; from 
the centres G, D, with the radius A B, 
eut the perpendiculars at EH, F, and 
draw E F to complete the octagon. 


37. Ko convert a square 
intoan octagon (Fig. 37).—Draw 
the diagonals of the ae cutting at 
e; from the corners A, B, C, D, with 
Ae as radius, describe arcs cutting 
the sides at gn, fk, hm, and ol, and 
join the points so found to form the 
octagon. Adjacent sides of an octa- 
gon make an angle of 185 degrees. 


38. To inscribe an octagon 
im a circle (Fig. 38)._Draw two 
diameters, 4 C, BD at right angles; 
bisect the arcs A B, BC, etc., at e fs 
etc., and join Ae, eB, etc., to form 
the octagon. ( 


39. To describe an octagon 
about a cirele (Fig. 33).—Describe 
a square about the given circle 4 B; 
draw perpendiculars h k, etc., to the 
diagonals, touching the circle to form 
the octagon. 


D 
Fie. 39, 


40. To describe a polygon of any number of sides upon 
=: given straight lime (Fig. 40)._Produce the given line A B, and on 4, 
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with the radius A B, describe a semi- 
circle; divide the semi-circumference 
into as many equal parts as there are 
to be sides in the polygon—say, in this 
example, five sides. Draw lines from 
A through the divisional points D, b, 
and c, omitting one point a; and on 
the centres B, D, with the radius A B, 
cut AbatHand AcatF. Draw DE, 
EF, F B to complete the polygon. 


41. To inscribe a cirele 
Within a polygon (Figs. 41, 42).— 
When the polygon has an even number 
of sides (Fig. 41), bisect two opposite 
sides at Aand B; draw A B, and bisect 
it at C by a diagonal D E, and with 
the radius C A describe the circle. 

When the number of sides is odd 
(Fig. 42), bisect two of the sides at A 
and B, and draw lines 4 E, B D to the 
opposite angles, intersecting at C; 
from C, with the radius CA, describe 
the circle. 


42. Qo deseribe a_ circle 
without a polygon (Figs. 41. 42). 
—Find the centre C as before, and with 
the radius C D describe the circle. 


43. To inscribe a_ polygon 
ofany number of sides th=- 
in a cirele (Fig. 43)—Draw the 
diameter A B and through the centre 
E draw the perpendicular EC, cutting 
the circle at F. Divide EF F into four 
equal parts, and set off three parts 
equal to those from F to GC. Divide 
the diameter A B into as many equal 
parts as the polygon is to have sides ; 
and from C draw C D, through the 
second point of division, cutting the 
circle at D, Then A D is equal to one 
side of the polygon, and by stepping 
round the circumference with the 
length A D the polygon may be com- 
pleted. 


TABLE OF POLYGONAL ANGLES. 


Number Angle | Number Angle Number Angle 
of Sides. | at Centre. of Sides. | at Centre. of Sides. | at Centre, 
No. Degrees. No. Degrees. No. Degrees, 
3 1 40 15 
: | 8 1 R | Bede 1am 
é 
6 Ico 80 18 
z 51¥ 13 QTPs 19 19 


GEOMETRICAL PROBLEMS. : 45 


44. To describe an elli 
when the length and breadth 
are given (Fig. 44). —A SB, transverse 


eich cee SEE ce See te 
foge Of a& ol paper 
mark off a distance a ¢ equal to 4 C, 
half the transverse axis: and from the 
Same point a distance a5 equal to 
C D, half the conjugate axis. Place 
the slip so as to bring the point 5 on 
the line 4 B of the transverse axis, 
and the point con the line DE; and 
Set off on the drawing the position of 
the point a. Shifting the slip so that 
the point } travels on the transverse 
axis, and the point ¢ on the conjugate 
axis, any number of. points in the 
curve may be found, through which 
the curve may be traced. 

3d Method (Fig. 46)—The action of 
the preceding method may be em- 
b ii + so = to afford the means of 

scribing a large curve continuously 
by means of a bar m k, with steel 
points m, I, k, riveted into brass slides 
adjusted to the length of the semi 
axis and fixed ialpp. peta A 
rectangular cross > With guiding- 
slots is placed, coinciding with the 
tio axes of the ellipse A Cand B H. 


A pen or pencil may be fixed at m. 
4th Method (Fig. 47—Bisect the 


axis at F, F’, for the foci. Divide 
4 C into a number of parts at the 
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Points 1, 2, 8, ete. With the radins 4 Ton F and F’ as centres, describe — 
arcs, and with the radius BJ on the same centres cut these arcs as shown. 


Fie, 51. 


Repeat the operation for the other e | 


divisions of the transverse axis. The 


series of intersections thus made are |} 


points in the curve, turough which the — 
curve may be traced, : 
5th Method (Fig. 48).—On tke two 


axes 4 B, D Eas diameters, on centre q i 
C, describe circles; from a numberof | 


peints a, b, etc., in the cireumference 


AFB, draw radii cutting the inner | 


circle at a’, b’, etc. From a, b, etc., 
draw perpendiculars to 4B; and from — 
a’, b’, etc., draw parallels to A B, cut- — 
ting the respective perpendiculars at 


n, 0, ete. The intersections are points — a 


in the curve, through which the curve 
may be traced. 

6th Method (Fig. 49).—When the ~ 
transverse and conjugate diameters 
are given, 4 B, C D, draw the tangent 
EF parallel to 4B. Produce CD, 
and on the centre G with the radius 
of half AB, describe a semicircle 
HD K; from the centre G draw any 
number of straight lines to the points 
£,r, etc., in the line HF, cutting the 
circumference atl, m, n, ete.; from — 
the centre O of the ellipse. draw 
straight lines to the points Z, r, etc.; 
and from the points J, m, , ete., draw 


parallels to G C, cutting the lines OH, | 


Or, etc., at D, M, N, ete. These are 
points in the circumference of the 
ellipse, and the curve may be traced 
through them. Points in the other 
half of the ellipse are formed by ex- 
tending the intersecting lines as indi- 
cated in the figure. 

45. To describe an ellipse 
approximately by means of 
eircular arcs.—fiist.—With arcs 
of two radii (Fig. 50).—Find the differ- 
ence of the semi-axes, and set it off 
from the centre O to a andconOA 
and OC; draw ac, and set off half 
actod; draw di parallel to ac; set 
off O e equal to O d; join e i, and draw 
the parallels em, dm. From m, with 
radius m C, describe an are through 
C; and from i describe an are through 
D; from d and e describe ares through 
A and B. The four arcs form the 
ellipse approximately. 

orE.—This method does not apply 
satisfactorily when the conjugate axis 
is less than two thirds of the trans- 
verse axis. 

2d Method (by Carl G. Barth, 
Fig. 51).—In Fig. 61 ab is the major 
and cd the minor axis of the ellipse 
to be approximated. Lay off b e equal 
to the semi-minor axis ¢ O, and use a e 
as radius for the are at each extremity 
of the minor axis. Bisect e o at f and 
lay off eg equal to ef, and use gb as 
radius for the are at each extremity 
of the major axis, 
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The method is not considered applicable for cases in which the minor 
‘axis is less than two thirds of the major. 
3d Method; With arcs of three radii 


cG Cr, (Fig. 52).—On the transverse axis A B 
eee Cy ~_....E draw the rectangle B G on the height 
OC; to the diagonal AC draw the 
perpendicular G H D; set off O K 
equal to OC, and describe a semi- 
circle on A K, aud produce O C'to L; 
set off O M equal to C L, and from D 
describe an are with radius D M ; from 


a 


Zell p 


A HN Oy Xe KB 4, with radius OL, cut 4 Bat N; from 
KAM 76 H, with radius HN, cut_are ab at a, 
Nob Thus the five centres D, a, 6, H, H’ 


/ are found, from which the arcs are 
/ described to form the ellipse. 

This process works well for nearly 
; all proportions of ellipses. It is used 
Fig. 52. in striking out vaults and stone bridges. 
___ 4th Method (by F. R. Honey, Figs. 53 and 54).—Three radii are employed. 
With the shortest radius describe the two arcs which pass through the ver- 
‘tices of the major axis, with the longest the two arcs which pass through 
the vertices of the minor axis, and with the third radius the four ares which 
connect the former. 

. A simple method of determining the radii of curvature is illustrated in 
Fig. 58. Draw the straight 
lines a f and ac, forming any 

C angleata, Withaasacentre, 

and with radiiab and ae, re- 

@ spectively, equal to the semi- 

1 minor and semi-major axes, 
g drawthearesbeandcd, Join 
ed, and through 6b and ¢ re- 

a spectively draw bg andcf 
parallel to e d, intersecting ac 

bv hd kf at g, and af atf; af is the 

Fig. 58 radius of curvature at the ver- 

Setats tex of the minor axis; andag 

the radius of curvature at the 


vertex of the major axis. 

Lay off d h (Fig. 53) equal to one eighth of bd. Join eh, and draw ck and 
blparalleitoeh. Take a k for the longest radius (= R), a l for the shortest 
radius (= 7), and the arithmetical mean, or one half the sum of the semi-axes, 
po ae are radius (= p), and employ these radii for the eight-centred oval 


Let a b and cd (Fig. 54) 
be the major and minor 
axes. Lay off ae equal 
to r, and af equal to ps 
also lay off cg equal to R, 
and ch equal to p. With 
gasa centre and ghasa 
radius, draw the arc hk; 
with the centre e and 
radius e f draw the arc f k, 
intersectinghk atk. Draw ~ 
the line gk and produce it, 
making gl equal to R. 
Draw ke and produce it, 
making k m equal to p. 
With the centre g and 
radius gc (= R) draw the 
are cl; with the centre k 
and radius kl (=p) draw 
the arc 1m, and with the 
centre e and radius em 
(= 7) draw the arc ma: 

The remainder of the 
work is symmetrical with 
respect to the axes, 
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46. The Parabola.—A parabola 
(DA C, Fig. 55) is a curve such that 
every point in the curve is equally 
distant from the directrix K L and the 
focus F. The focus lies in the axis 
A B drawn from the vertex or head of 
the curve A, so as to divide the figure 
into two equal parts. The vertex A 
is equidistant from the directrix and 
the focus, or 4e=AF. Any line 
parallel to the axis isa diameter. A 
straight line, as HG or DC, drawn 
across the figure at right angles to the 
axis is a double ordinate, and either 
half of itis an ordinate. The ordinate 
to the axis H F' G, drawn through the 
focus, is called the parameter of the 
axis. A segment of the axis, reckoned 
from the vertex, is an abscissa of the 
axis, and it is an abscissa of the ordi- 
nate drawn from the base of the ab- 
scissa, Thus, AB is an abscissa of 
the ordinate B C. 


Abscissze of a parabola are as the squares of their ordinates. 

To describe a parabola when an abscissa and its ordi- 
nate are given (lig. 55).—Bisect the given ordinate B C at.a, draw Aa, 
and then ab perpendicular to it, meeting the axis at b. Set off Ae, A F, 


each equal to B 6; and draw Ke L 


erpendicular to the axis. Then K L is 


the directrix and Fis the focus. Through F' and any number of points, 9, 0, 
ete,, in the axis, draw double ordinates, no n, etc., and from the centre F, 
with the radii Fe, oe, ete., cut the respective ordinates at E, G, n, n, ete. 
The curve may be traced through these points as shown. 


Fic, 56. 


2d Method: By means of a square 
and a cord (Fig. 56).—Place a straight- 
edge to the directrix HN, and apply 
to it a square L HG. Fasten to the 
end G one end of a thread or cord 
equal in length to the edge EF G, and 
attach the other end to the focus F’; 
slide the square along the straight- 
edge, holding the cord taut against the 
edge of the square by a pencil D, by 
which the curve is described. 


8d Method; When the height and 
the base are given (Fig. 57).—Let 4 B 
be the given axis, and CD a double 
ordinate or base; to describe a para- 
bola of which the vertex is at A, 
Through 4 draw # F parallel to CD, 
and through C and D draw CE and 
DF parallel to the axis. Divide BC 
and BD into any number of equal 
parts, say five, at a, b, etc., and divide 
C £ and DF into the same number of 
parts. Through the points a, b, c,d in 
the base CD on each side of the axis 
draw perpendiculars, and through 
a,b,c,d@in C Hand D F draw lines te 
the vertex A, cutting the perpendicu- 
lars at e, f, g,h. These are points in 
the parabola, and the curve C 4D ma; 
ee traced as shown, passing throug 

em. ' 


ae 
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47. The HMyperbola (Fig. 58).—A hyperbola is a plane curve, such 
‘that the ditfereuce of the distances from any point of it to two fixed points 
is equal toa given distance, The fixed 
points are called the foci. 

To construct a hyperbola, 
—Let F’ and F’ be the foci, ana #” # 
the distance between them. Take a 
ruler longer than the distance F” F, 
and fasten one of its extremities at the 
focus fF’, At the other extremity, H, 
attach a thread of such a length that 
the length of the ruler shall exceed 
the length of the thread by a given 
distance A B. Attach the other ex- 
tremity of the thread at the focus Ff. . 

Press a pencil, P, against the ruler, 
and keep the thread constantly tense, 
while the ruler is turned around F” as 
acentre. The point of the pencil will 
describe one branch of the curve. 

2d Method: By points (Fig. 59).— 
From the focus #’ lay off a distance 
Fr’ N equal to the transverse axis, or 
distance between the two branches of 
the curve, and take any other distance, 
as F’H, greater than A” N, 

With #” as a centre and F’H as a 
radius describe the are of a circle. 
Then with Fas a centre and N H asa 
radius describe an arc intersecting 
the are before described at p and q. 

These will be points of the hyperbola, for #” qg — F'q is equal to the trans- 

verse axis A B, : 

If, with #7 as a centre and F’ H as a radius, an_are be described, and a 
‘second arc. be described with F” as a centre and N A as a radius, two points 
in the other branch of the curve will be determined. Hence, by changing 
the centres, each pair of radii will determine two points in each branch. 
The Equilateral Hyperbola.—The transverse axis of a hyperbola 
- is the distance, on a line joining the foci, between the two branches of the 
eurve. The conjugate axis is a line perpendicular to the transverse axis, 
drawn from its centre, and of such a length that the diagonal of the rect- 
angle of the transverse and conjugate axes is equal to the distance between 
the foci. The diagonals of this rectangle, indefinitely prolonged, are the 
asymptotes of the hyperbola, lines which the curve continually approaches, 
but touches only at an infinite distance. If these asymptotes are perpen- 
dicular to each other, the hyperbola is called a rectangular or equilateral 
hyperbola. It is a property of this hyperbola that if the asymptotes are 
taken as axes of a rectangular system of codrdinates (see Analytical Geom- 
etry), the product of the abscissa and ordinate of any point in the curve is 
equal to the product of the abscissa and ordinate of any other point; or, if 
'p is the ordinate of any point and v its abscissa, and p, and v, are the ordi- 
hate and abscissa of any other point, pu=p, v,; or pv = a constant. 

48. The Cycloid 
(Fig. 60).—If a circle Ad 
be rolled along a straight 
line 46, any point of the 


describe a curve, which is 
called a cycloid. The circle 
is called the generating 
circle, and A the generat- 

ing point. 
To draw a cycloid. 
Fie. 60. —Divide the cireumference 
of the generating circle into an even number of equal parts, as A 1, 12, etc., 
and set off these distances on the base. Through the points 1, 2, 3, etc., on 
the circle draw horizontal lines, and on them set off’ distances la = Al, 
2b = A2, 3c = A3, ete. The points A, a, b,c, etc., will be points in the cycloid, 

_ through which draw the curve. 


circumference as A will _ 
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Fia. 63. 


52. Whe Spiral.—The spiral is a curve described by a point which |} 


49. The Epicycloid (Fig. 61) is 
generated by a point D in one circle 
D C rolling upon the circumference of 


another circles4 CB, instead of ona | 


fiat surface or line; the former being 
the generating circle, and the latter 
the fundamental circle. The generat- 
ing circle is shown in four positions, in 
which the generating point 1s succes- 
sively marked D, D’, D’, D’’”, AD’ B 
is the epicycloid. 


50. The Hypocycloid (Fig. 62) 
is generated by a point in the gener- 
ating circle rolling on the inside of the 
fundamental circle. 

When the generating circle = radius 
of the other circle, the hypocycloid 
becomes a straight line, 


51. The Tractrix or 
Schiele’s anti-friction curve 
(Fig. 63).—R is the radius of the shaft, 
C, 1, 2, ete.. the axis. From O set off 
on R a small distance, oa; with radius 
R and centre a cut the axis at 1, join 
ai, and set off a like small distance 
ab; from } with radius R cut axis at 
2, Join 6 2, and so on, thus finding 
points 0, a, b,c, d, ete., through which 
the curve is to be drawn, 


moves along a straight line according to any pure law, the line at the same 
i 


time having a uniform angular motion. The 


Fie. 64. 


ne is called the radius vector. 
If the radius vector increases directly 
as the measuring angle, the spires, 
or parts described in each revolution, 
thus gradually increasing their dis- 
tance from each other, the curve is 
known as the spiral of Archimedes 
(Fig. 64). 

This curve is commonly used for 
cams. To describe it draw the radius 
vector in several different directions 
around the centre, with equal angles 


between them; set off the distances 1, 2,3, 4, ete., corresponding to the scale 

upon which the curve is drawn, as shown in Fig. 64. ; 
In the common spiral (Fig. 64) the pitch is uniform; that is, the spires are | 

equidistant. Such a spiral is made by rolling up a belt of uniform thickness, 


To construct a spiral with — 
four centres (Fig. 65).—Given the 
pitch of the spiral, construct a square 
about the centre, with the sum of the 
four sides equal to the pitch. Prolong 
the sides in one direction as shown; 
the corners are the centres for each 
arc of the external angles, forming a 
quadrant of a spire. 
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53. To find the diameter of a circle into whicu a certain 
number of rings will fit on its imside (Fig. 66).—For instance, 
what is the diameter of a circle into which twelve -inch rings will fit, as 
per sketch? Assume that we have found the diameter of the required 
circle, and have drawn the rings inside 
of it. Join the centres of the rings 
by straight lines, as shown: we then 
obtain a regular polygon with 12 
sides, each side being equal to the di- 
ameter of a givenring, Wehavenow 
to find the diameter of a circle cir- 
cumscribed about this polygon, and” 
add the diameter of one ring to it; the. 
sum will be the diameter of the circle 
into which the rings will fit. Through 
the centres 4 and D of two adjacent 
rings draw the radii CA and CD; 
since the polygon has twelve sides the 
angle AC D=30° and AC B=15°. 
One half of the side A D is equal to 
AB. We now give the following pro- 
portion: The sine of the angle ACB 
is to 4B as 1 is to the required ra- 
dius. From this we get the following 
ture: Divide A B by the sine of the angle A CB; the quotient will be the 
radius of the circumscribed circle ; add to the corresponding diameter the 
diameter of one ring; the sum will be the required diameter #'G. 

54, To describe an arc of a circle which is too large to 
be drawn by a beam compass, by means of pointsin the 
are, radius being given.—Suppose the radius is 20 feet and it is 
desired to obtain five points in an are whose half chord is 4 feet. Draw a 
line equal to the half chord, full size, or on a smaller scale if more con- 
venient, and erect a perpendicular at one end, thus making rectangular 
axes of coérdinates. Erect perpendiculars at points 1, 2, 3, and 4 feet from 
the first perpendicular. Find values of y in the formula of the circle. 
«x -+ y* = R? by substituting for # the values 0, 1, 2, 3, and 4, etc.. and for R2 
the square of the radius, or 400, The values will be y= VR? — x2 = ¥ 400, 
¥ 399, ¥396, ¥391, V384; = 20, 19.975, 19.90, 19.774, 19.596. 

Subtract the smallest, 

or 19.596, leaving 0.404, 0.379, 0.304, 0.178, 0 feet, 

Lay off these distances on the five perpendiculars, as ordinates from the 
half chord, and the positions of five points on the are will be found. 
Through these the curve may be 
Ps a con wale eb eamee| (us eae ie drawn. (See also Problem 14.) 

55. The Catemnary is the curve 
assumed by a perfectly flexible cord 
when its ends are fastened at two 
points, the weight of a unit length 
being constant. 

The equation of the catenary is 


x 2X 
y= a(ea 4 e 4}, in which e is the 


base of the Naperian system of log- 
arithms. 

To plot the catenary.—Let o 
(Fig. 67) be the origin of codrdinates. 
Assigning to @ any value as 3, the 
equation becomes 


Fic. 67. 
To find the lowest point of the curve. 


3/° -—0 3 
Puta =0;-. y= 3(e +e = SAYA) — 3 
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Then puta =1; .. y 


a5 e+e") be 5 (1.896 +0717) = 8.17. 


Puta =2; “y= 8 (+ 7“) ee 51.948 + 0.513) = 3.69, 


Put x = 8, 4, 5, etce., ete., and find the corresponding values of y. For 
each value of y we obtain two symmetrical points, as for example p and p!. 

In this way, by making a successively equal to 2, 3, 4, 5, 6, 7, and 8, the 
curves of Fig. 67 were plotted. 

In each case the distance from the origin to the lowest point of the curve 
is equal to a ; for putting 2 = o, the general equation reduces to y = a. 

For values of a = 6,7, and 8 the catenary closely approaches the parabola. 
For derivation of the equation of the catenary see Bowser’s Analytic 
Mechanics. For comparison of the catenary with the parabola, see article 
by_F. R. Honey, Amer. Machinist, Feb. 1, 1894. 


56. The Involute isa name gi 
b> 


as 


2) 


a2 
ay 


Fie. 68. 


bi 
ba 
bs 


ven to the curve which is formed by 
the end of a string which is unwound 
from a cylinder and kept taut; con- 
sequently the string as it is unwound 
will always lie in the direction of a 
tangent to the cylinder. To describe 
the involute of any given circle, Fig. 
68, take any point A on its cireum- 
ference, draw a diameter 4B, and 
from B draw B b perpendicular to AB, 
Make Bb equal in length to half the 
circumference of the circle. Divide 
Bb and the semi-cireumference into 
the same number of equal parts, 
say six. From each point of division 
1, 2, 3, ete., on the circumference draw 
lines to the centre C of the circle. 
Then draw 1@ perpendicular to 01; 
2d perpendicular to C2; and so on. 
Make la equal to bb,; 2aq equal 
to b by ; 343 equal to bbs ; and so on. 


Join the ‘points A, a’, a2, as, ete., by a curve; this curve will be the 


required involute. 


57. Method of plotting angles without using a protrac- 
tor.—The radius of a circle whose circumference is 360 is 57.3 (more ac- 
curately 57.296). Striking a semicircle with a radius 57.3 by any scale, 
spacers set to 10 by the same scale will divide the are into 18 spaces of 10° 
each, and intermediates can be measured indirectly at the rate of 1 by scale 
for each 1°, or interpolated by eye according to the degree of accuracy 
required, The following table shows the chords to the above-mentioned 
radius, for every 10 degrees from 0° up to 110°. By means of one of these, 


Chord. 


a 10° point is fixed upon the paper next less than the required angle, and 
the remainder is laid off at the rate of 1 by scale for each degree. 
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In a right-angled triangle the square on the hypothenuse is equal to the 
sum of the squares on the other two sides, 

If a triangle is equilateral, it is equiangular, and vice versa. 

Tf a straight line from the vertex of an isosceles triangle bisects the base, 
it bisects the vertical angle and is perpendicular to the base. 

_ If one.side of a triangle is produced, the exterior angle is equal to the sum 
of the two interior and opposite angles. i 

If two braneles are mutually equiangular, they are similar and their cor- 
responding sides are proportional. 

It the sides of a polygon are produced in the same order, the sum of the 
exterior angles equals four right angles. (Not true if the polygon has re- 
entering angles.) 

In a quadrilateral, the sum of the interior angles equals four right angles. 

Tn a parallelogram, the opposite sides are equal; the opposite angles are 
equal; it is bisected by its diagonal, and its diagonals bisect each other. 

f three points are not in the same straight line, a circle may be passed 
through them. 

If two ares are intercepted on the same circle, they are proportional to 
the corresponding angles at the centre. 

If two ares are similar, they are proportional to their radii. 

The areas of two circles are proportional to the squares of their radii. 

If a radius is perpendicular to a chord, it bisects the chord and it bisects 
the are subtended by the chord. é 

A straight line tangent to a circle meets it in only one point, and it is 
perpendicular to the radius drawn to that point. 

If from a point without a circle tangents are drawn to touch the circle, 
there are but two; they are equal, and they make equal angles with the 
chord joining the tangent points, 

If two lines are parallel chords or a tangent and parallel chord, they 
intercept equal ares of a circle. 

‘If an angle at the circumference of a circle, between two chords, is sub- 
tended by the same arc as an angle at the centre, between two radii, the 
augle at the circumference is equal to half the angle at the centre, 

If a triangie is inscribed in a semicircle, it is right-angled. 

If two chords intersect each other ina circle, the rectangle of the seg- 
ments of the one equals the rectangle of the segments of the other. 

And if one chord is a diameter and the other perpendicular to it, the 
rectangle of the segments of the diameter is equal to the square on half the 
other chord, and the half chord is a mean proportional between the seg- 
ments of the diameter. 

If an angle is formed by a tangent and chord, it is measured by one half 
‘of the are intercepted by the chord; that is, it is equal to half the angle at 
the centre subtended by the chord. 

Degree of a Railway Curve.—This last proposition is useful in staking out 
railway curves. A curve is designated as one of so many degrees, and the 
degree is the angle at the centre subtended by a chord of 100 ft. To lay out 
a curve of n degrees the transit is set at its beginning or “ point of curve,” 
pointed in the direction of the tangent, and turned through én degrees; a 
point 100 ft. distant in the line of sight will be a point in the curve. The 
transit is then swung 4n degrees further and a 100 ft. chord is measured 
from the point already found to a point in the new line of sight, which is a 
second point or “‘station’’ in the curve. a 

The radius of a, 1° curve is 5729.65 ft., and the radius’ of a curve of any 
degree is 5729.65 ft. divided by the number of degrees. 
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PLANE SURFACES, 


ilateral.—A four-sided figure. CASS 

rei ene quadrilateral with opposite sides parallel, s 

Varieties.—Square : four sides equal, all angles right angles. Rectangle; 
opposite jsides equal, all angles right angles, Rhombus: four sides equal, 
opposite angles equal, angles not right angles, Rhomboid: opposite sides 
equal, opposite angles equal, angles not right angles, 

rapezium,—A quadrilateral with unequal sides. HL ae 

Trapezoid.—A quadrilateral with only one pair of opposite sides 

parallel. VP pg DIB PR PT Gyo, 


Diagonal of a square = 4/2 side? = 1.4142 x sfde. 


| Diag. of a rectangle = 4/sum of squares of two adjacent sides. 


Area of any parallelogram = base X altitude. : : 

Area of rhombus or rhomboid = product of two adjacent sides 
x sine of angle included between them, 

Area of a trapezium = half the product of the diagonal by the sum 
of the perpendiculars let fall on it from opposite angles. : 

Area of a trapezoid = product of half the sum of the two parallel 
sides by the perpendicular distance between them. : 

To find the area of any quadrilateral figure.—Divide the 
quadrilateral into two triangles; the sum of the areas of Lhe triangles is the 
area, ; 

Or, multiply half the product of the two diagonals by the sine of the angle 
at their intersection. 

To find the area of a quadrilateral inscribed in a circle. 
—From half the sum of the four sides subtract each side, severally; multi- 
ply the four remainders together; the square root of the product is the area. 4 

Triangle.—a three-sided plane figure. ¥ 

Varieties.—Right-angled, haying one right angle; obtuse-angled, having 
one obtuse angle ; isosceles, having two equal angles and two equal 4es; 
equilateral, having three equal sides and equal angles, 

he sum of the three angles of every triangle = 180°. 
The sum of the two acute angles of a right-angled triangle = 90°, f 
Hypothenuse of a right-angled triangle, the side opposite the right angle, 
= Vsum of the squares of the other two sides. If a and bare the two sides _ 
and c the hypothenuse, c? = «? + b2; a = #/c? — b?» = We + bye — b). 
To find the area of a irlangte 2 Vier ie , 
Rui 1. Multiply the base by half the altitude, 


ee 2. Multiply half the product of two sides by the sine of the included 


RuLe 3. From half the sum of 
multiply together the half su 
nate root of the product. 


he area of an equilateral triangle is equal to one fourth the square of one i 
of its sides multiplied by the square root of 3, = as v3 a being the side; or Ki 
a? x .433013, Cae 


Hypothenuse and one side of right-angled triangle given, to find other side, ‘ 
Pequired toe Vhyp? — given side?, so 
1€ two sides are equal, side = hyp + 1.4142: or h T071. 7 

8 aun of a triangle given, to find base: Base — twice pa of perpendicular 

rea of a triangle given, to find height: Height = twi b 

Two sides and base given, to find per; cular helehb Ge arene 
Balch path ot aed o the base are eee ees ee e 
_ ULE. As the base is to the sum of the sides i i te.) 
sides to the difference of the divisions of the base eee be preter A ni E 
pendicular. Half this difference being added to or subtracted from half x 
the base will give the two divisions thereof, As each side and its opposite | 


shh 


s 


Bivens 


eae 


pe ie 


the three sides subtract each side severally; — i 
m and the three remainders, and extract the 


os 


- 
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¢ tision of the base constitutes a right-angled triangle, the perpendicular is 
ascertained by the rule perpendicular = Vhyp? — base?. 

Polygon. — A plane figure having three or more sides. Regular or 

“irregular, according as the sides or angles are equal or unequal. Polygons 
are named from the number of their sides and angles. 

To find the area of an irregular polygon.—Draw diagonals 

qivate the polygon into triangles, and find the sum of the areas of these 
triangles. 

Wo find the area of a regular polygon: 

RvuLE.— Multiply the length of a side by the perpendicular distance to the 
eentre; multiply the product by the number of sides, and divide it by 2. 

- Or, multiply half the perimeter by the perpendicular let fall from the centre 
on one of the sides. 

The perpendicular from the centre is equal to half of one of the sides of 
me polygon multiplied by the cotangent of the angle subtended by the halt 
side. ‘ 

The angle at the centre = 360° divided by the number of sides, 


TABLE OF REGULAR POLYGONS. 
Radius of Cir- 


cumscribed | g Dae 
° i 3 Oo. Ge) cs) 
g Circle 3x a s 5 | 
s if go (23.| 8 | 88 
g| 8 a leg aS |254) 8 | gs 
eS a = gil E a2 | 3° || te) 17) 
a es) n 72 is ae | 4o@)| & 28 
a4 © = a = Il ies} Bn © oo 
3) 8 go | BRO Re 22) eee earls ee 
kt 3 2 BO s 35 | 830 S an eS 
a A <q 4 Q a A <q 4 
3 | Triangle 4330127 | 2 .5773 | .2887] 1.732 | 120° 60° 
4 | Square nS 1.414 107 5 1.4142 | 90 90 
5 | Pentagon’ 1.7204774 | 1.238 | .8506.| .6882] 1.1756 | 7 108 
' 6 | Hexagon 2.5980762 | 1.155 | 1. .866 | 1. 60 120 
7 | Heptagon 3.6339124 | 1.11 | 1.1524 | 1.0883] .8677 | 5126 128 4-7 
8 | Octagon 4,8284271 | 1.083 | 1.8066 | 1.2071] .7658 | 45 185 
9 ) Nonagon 6.1818242 | 1.064 | 1.4619 | 1.8737] .684 40 140 
10 | Decagon 7.6942088 | 1.051 | 1.618 | 1.5388] .618 36 144 
11 | Undecagon | 9.3656399 | 1.042 | 1.7747 | 1.7028 .5634 | 32 43/| 1473-11 
12 | Dodecagon | 11.1961524 | 1.037 | 1.9319 | 1.866 517 Bi) 150 | 


To find the area of a regular polygon, when the length 

of a side only is given: f sesh : 
RuLEe.—Multiply the square of the side by the multiplier opposite to the 
name of the polygon in the table. \ 
To find the area of am ir- 
regular figure (Fig. 69).—Draw or- 
' dinates across its breadth at equal 
distances apart, the first and the last 
ordinate each being one half space 
from the ends of the figure. Find the 
' average breadth by adding together 
- the lengths of these lines included be- 
tween the boundaries of the figure, 


a | 1 
and divide by the number of the lines 1228456789 110 
~ added; multiply this mean breadth by {eS Tengtha — al 
' the length, The greater the number 4 
of lines the nearer the approximation. Fria. 69. 


In a figure of very irregular outline, as an indicator-diagram from a high- 
speed steam-engine, mean lines may be substituted for the actual lines of the 
fizure, being so traced as to intersect the undulations, so that the total area 
et me spaces cut off may be compensated by that of the extra spaces in- 
closed, 
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2d Method; Tam TrapszorpaL Rui. — Divide the figure into any suffi. — 
cient number of equal parts; add half the sum of the two end ordinates te j 

the sum of all the other ordinates; divide by the number of spaces (that is, 

one less than the number of ordinates) to obtain the mean ordinate, and 
multiply this by the length to obtain the area, j 
3d Method ; Siupson’s Rute.—Divide the length of the figure into any © 
even number of equal parts, at the common distance D apart, and draw or- © 
dinates Horough the points of division to touch the boundary lines. Add _ 
together the first and last ordinates and call the sum 4; add together the © 

even ordinates and call the sum B; add together the odd ordinates, except 
the first and last, and call thesum C, Then, 9 
area of the figure = artetie xX D. 


4th Method ; Duranp’s Rute.—Add together 4/10 the sum of the first an a 
last ordinates, 1 1/10 the sum of the second and the next to the last (or the — 
penultimates), and the sum of all the intermediate ordinates. Multiply the ~ 
sum thus gained by the common distance between the ordinates to obtain 
fie area, or divide this sum by the number of spaces to obtain the mean or- 

inate. y 

Prof. Durand describes the method of obtaining his rule in Engineering — 
News, Jan. 18, 1894, He claims that it is more accurate than Simpson’s rule, © 
and practically as simple as the trapezoidal rule. He thus describes its ap. @ 
plication for approximate integration of differential equations. Any defi 
nite integral may be represented graphically by an area. Thus, let ; 


Q=fudu 


be an integral in which w is some function of x, either known or admitting of — 
computation or measurement. Any curve plotted with # as abscissa and u 
as ordinate will then represent the variation of «w with 2, and the area be- 
tween such curve and the axis X will nin Bonen the integral in question, no 
matter how simple or complex may be the real nature of the function U. j 
Substituting in the rule as above given the word “ volume” for “area? 
and the word “‘ section” for ‘‘ ordinate,”’ it becomes applicable to the deter- 
mination of volumes from equidistant sections as well as of areas from 
equidistant ordinates, 4 
Having approximately obtained an area by the trapezoidal rule, the area — 
by Durand’s rule may be found by adding algebraically to the sum of the~ _ 
ordinates used in the trapezoidal rule (that is, half the sum of the end ordi- — 
nates +- sum of the other ordinates) 1/10 of (sum of penultimates—sum of a 
a and last) and multiplying by the commor distance between the ordi- a 
ates. By 
3 5th Method.—Draw the figure on cross-section paper. Count the number 
of squares that are entirely included within the boundary; then estimate 
the fractional parts of squares that are cut by the boundary, add together 
these fractions, and add the sum to the number of whole squares. The 
Tesult is the area in units of the dimensions of the squares, The finer the 
tuling of the cross-section paper the more accurate the result, 
6th Method.—Use a planimeter. fv pide % 
7th Method.—With a chemical balance, sensitive to one milligram, draw i 
the figure on paper of uniform thickness and cut it out carefully; weigh the — 
piece cut out, and compare its weight with the weight per square inch of the — 
paper as tested by weighing a piece of rectangular shape. 
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THE CIRCLE. 
Circumference = diameter x 3.1416, nearly; more accurately, 38.14159265359, 
Approximations, 2 = 3,148; aa 8.1415929, 
‘The ratio of circum. to diam. is represented by the symbol x (called Pi), 


2 7 
Multiples of 7. Multiples of 5. 
Im = 8.14159265359 in = .7853982 
Qn = 6.28318530718 x 2= 1.5707968 
3m = 9.42477796077 “© x B= 23561945 
4m = 1256637061436 “ x 4=3,1415997 
5m = 15.70796326795 “ x 5 = 3,9269908 
Grr = 18. 84955592154 « x 6 = 4.7123890 
‘Ur = 21.99114857513 & x 7=5.4977871 
8m = 25, 13274122872 deen vei nataen 
9m = 28.27433388231 “ x 9 = 7,0685835 
Ratio of diam. to circumference = reciprocal of 7 = 0,3183099. 
Reciprocal of te = 1.27324, £ = 2.22817 ar = 0.261799 
: 1 8 oe : 
Multiples of z = 2.54648 360 = 0. 0087266 
6 
1 31831 » _ 2 6479 360 _ 114.5915 
wv w wv 
2 = 6362 10 — 3.18310 m= 9.86960 
- T wT 
1 
3 _ 95493 22 _ 3.81972 = = 0.101321 
7 7 wT 
£ = 1.27324 1 1.570796 Vn = 1.772658 
T 2 
; ; /i= 0.564189 
= = 1.59155 gr = 1.047197 7 
= 0.49714987 
—_ 1.90986 - = 0.523599 _ Hons se 


Log a = 1.895090 


Diam. in ins. = 13.5405 Varea in sq. ft. 
Area in sq. ft. = (diam. in inches)? x_.0054542. 
D=diameter, R=radius, OC =circumference, A= area. 


O=2D;= nk; = 4; =2Vnd;= 3.54543 


D 
es CR 1 C2 cD 
A= D?x ,7854; Site =4R? x 7854 5; =7R2; = rd; Gree = 0795807; =~. 


p="; = 0.818310; ew 4, = 1.12838 V4; 


r=€; = 0.801550; = V4, = 05001802. 


Areas of circles are to each other as the squares of their diameters. 
To find the length of an are of a cirele: 
| RULE 1, As 360 is to the number of degrees in the are, so is the cireum- 
ference of the circle to the length of the are. 
- RULE 2, Multiply the diameter of the circle by the number of degrees in 
the arc, and this product by 0,0087266, 
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Relations of Arc, Chord, Chord of Malf the Arc, 
Versed Sine, etc. 
Let R=radius, D=diameter, -4rc=length of arc, 
Cd=chord of theare, ch = chord of half the are, 
V = versed sine, or height of the are, 


_ 8ch — Cd _ VCdE-4V2 x 1072 : 
Arc = ee (very nearly), = ~ {50a? 3372 -+ 2ch, nearly. 
__ 2ch x 100° 


Are sai + 2ch, nearly. 


~ 60D—277 
Chord of the are =2Vch? V2; =VD?—(D—2V)2; = Sch — 3.4re.} 
=2VR?—(R—V)?; =2V(D—V) x V. 


Chord of half the are, ch = eG Ca? 472; =VDxV; = sare 


ch? Gor)? i ae 


Diameter = yall = =a pee ae 
12 —————— 
Versed sine =<S = XD ~VDi—Cay_ 


(or 3D +4D?—Cd*), if Vis greater than radius, 
- ws Ca? 
= PUR pce 
V cx ie 


Half the chord of the arc is a mean proportional between the versed sine 
and diameter minus versed sine: 144Cd = 7 V x (D — V) - 
Length of the Chord subtending an angle at the centre = twice the 
sine of halt the angle. (See ‘able of Sines, p. 157.) 


Length of a Circular Arc.—_Huyzghens’s Approximation; 
Let C represent the length of the chord of the are and ¢ the length of the 
chord of half the are; the length of the are 


8c —C 
La aes 


Professor Williamson shows that when the are subtends an angle of 80°, the 
radius being 100,000 feet (nearly 19 miles), the error by this formula is about 
two inches, or 1/600000 part of the radius. When the length of the are is 
equal to the radius, i.e., when it subtends an angle of 57°.3, the error is less 
than 1/7680 part of the radius. Therefore, if the radius is 100,000 feet, the 


error is less than pad = 13 feet. The error increases rapidly with th 


increase of the angle subtended. ; 

In the measurement of an are which is described with a short radius the 
error is so small that it may be neglected. Describing an arc with a radius 
of 12 inches subtending an angle of 30°, the error is 1 /50000 of aninch. For 
57°.3 the error is less than 0/’.0015. 

‘In order to measure an are when it subtends a large angle, bisect it and 
measure each half as before—in this case making B = length of the chord of 
half the arc, and b = length of the chord of one fourth the arc; then 


16b — 2B 
L= = er 
Relation of the Circle to its Equai, Inscribed, and Cir- 
cumscribed Squares, 


Diameter of circle x .88623( _ .. 
Circumference of circle x .28209 f = side of equal square. 
Circumference of circle x 1.1284 = perimeter of equal square. 
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Circumference of circle x .22508 


Diameter of circle x .7071 
. Area of circle x .90031+. diameter 


= side of inscribed square. 


Area of circle x 1.2732 = area of circumscribed square. 
Area of circle x -63662 = area of inscribed square. 
Side of square x 1.4142 = diam. of circumscribed circle. 
( SO lee 4.4428 = circum. § iS oh 
Fe oS ee ae 1.1284 = diam. of equal circle. 

st SOME Nse 3.5449 = circum, i i 
Perimeter of square x 0.88623 = ef oy Ks 
Square inches x 1.27382 = circular inches. 


Sectors and Segments.—To find the area of @ sector of a circle. 

Rue 1. Multiply the are of the sector by half its radius. 

Rue 2. As 360 is to the number of degrees in the arc, so is the area of 
ithe circle to the area of the sector, 

Rue 3, Multiply the number of degrees in the are by the square of the 
radius and by .008727. 

To find the area of a segment of « circle: Find the area of the sector 
which has the same arc, and also the area of the triangle formed by the 
‘chord of the segment and the radii of the sector. 

Then take the sum of these areas, if the segment is greater than a semi- 
‘circle, but take their difference if it is less. 

Another Method ; Area of segment = 4R(are — sin 4), in which A is the” 

central angle, & the radius, and are the length of arc to radius J, : 

To find the area of a segment of a circle when its chord and height only 

are given. First find radius, as follows: 


sndine — JJ Sanare of half the chord os 
radius = Ail height + height |. 


2, Find the angle subtended by the are, as follows: half chord + radius = 
‘sine of half the angle. Take the corresponding angle from_a table of sines, 
and double it to get the angle of the are. 

3. Find area of the sector of which the segment is a part; 

; area of sector = area of circle x degrees of arc + 360. 

4. Subtract area of triangle under the segment): 

Area of triangle = half chord x (radius — height of segment), 

The remainder is the area of the sezgment. 

When the chord, arc, and diameter are given, to find the area. From the 
‘length of the are subtract the length of the chord. Multiply the remainder 
‘by the radius or one-half diameter; to the product add the chord multiplied 
iby the height, and divide the sum by 2. 

Given diameter, d, and height of segment, h. 


When h is from 0 to 4d, area = hV1.766dh — h2s 
“owe «4d to Ved, area = h V0.017d? + 1.7dh — h? 


‘approx.). Greatest error 0.23%, when h = 14d. 

To.find the chord: From the diameter subtract the height ; multiply the 
‘remainder by four times the height and extract the square root. 

When the chords of the are and of half the are and the rise are given: Ta 
ithe chord of the are add four thirds of the chord of half the are: multiply 
ithe sum by the rise and the product by .40426 (approximate). 

-Cireular Ring.—To jind the area of w ring included between the cir-\ 
cumferences of two concentric circles; Take the difference between the areas : 
of the two circles; or, subtract the eibeee of the less radius from the square 
of the greater, and multiply their difference by 3.14159, 

The area of the greater circle is equal to R?; 
_ and the area of the smaller, art, 
Their difference, or the area of the ring, is m(R? — r2), 
The Ellipse.—Area of an ellipse = product of its semi-axes x 3.14159 
= product of its axes x .785398. 


. A : D? + d2 
The Ellipse.—Circumference (approximate) = 3.1416 yer D and d 


‘being the two axes. : 
Trautwine gives the following as more accurate: When the longer axis D 
is not more than five times the length of the shorter axis, d, 
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‘When D is more qian bd 


For D/d =6 
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2 a2 D—a)? a = 
Circumference = 3.1416 ae = ew 


» the divisor 8.8 is to be replaced by the following: — 
0 8 Ie ae eee 50 


9 ) 
ivisor = 2 9.3 9.35 9.4 9.5 9.6 9.68 9.75 9.8 9.92 9.98 10 
Divisor 9 9.2 9 e , Tok 7 ie ae 
An accurate formula is C = a(a + b) G + 77 += 


a 


—b 


which A = a 
Carl G. Barth 


to this formula 


Br lngenteurs Taschenbuch, 1896. 


1 (Machinery, Sept., 1900) gives asa very close approximation 


16 * 256 + Feagqt + phe: 


‘ 64 — 344 
C= x(a +b) 64 — 1640" 


Length of a cycloidal curve = 4 x diameter of the generating circle. 
Length of the base = circumference of the generating circle, 
Area of a cycloid = 3 & area of generating circle, 


Helix (Screw).—A line generated by the 
d equidistant from its centre, 
Length of a helix.—To the square of th 
generating-point add th 


Length 
uniform, 


2; multiply the quotient b 
Or, take the mean of the 1} 


Y 3.1416, and again by the num 


greater and less diameters; divide their sum by 


d ength of the greater and less circumferences and 
multiply it by the number of revolutions, i 7 


length = rn 


Length of a conic 


d+d’ 


eters; divide their sum by 


2 and multiply the quotient by 3.1416. To the 
Square of the product of this circumference and the number of revolutions 
of the spiral add the Square of the height of its 


root of the sum, 
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The Prism,—To find t 


he surface of a right prism + i . ee 
eter of the base by the altitude y ee Multiply the perim 


areas of the tw 


The pyra 
its ane half 
surface is requi 


Volume of a nyramid = area of base X one third of the altitude. 


oe 


the slant hei 
red. 


a dand d/ being the inner 


nds when the entire surface is req 


Volume of a prism = area of its base x 
mid.—Cony. 


and outer diameters, 


greater and less diam- a 


or the convex surface, To this add the 
uired, my 


its altitude, : 
ex surface of a regular pyramid = perimeter of 
ght. To this add area of the base Ly the whole 


4 
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To find the surface of a frustum of a regular pyramid } Multiply half the 
slant height by the sum of the perimeters of the two bases for the convex 
Sasser ‘lo this add the areas of the two bases when the entire surface is 
required, 

\ To find the volume of a frustum of a pyramid: Add together the areas of 
the two bases and a mean proportional between them, and multiply the 
sum by one third of the altitude. (Mean proportional between two numbers 
= square root of their product.) 

\ Wedge.—aA wedge is a solid bounded by five planes, viz.: a rectangular 
base, two trapezoids, or two rectangles, meeting in an edge, and ,two tri- 
angular ends. The altitude is the perpendicular drawn from any point in 
the edge to the plane of the base. ar 

To find the volume of a wedge: Add the length of the edge to twice the 
Jength of the base, and multiply the sum by one sixth of the product of the 
height of the wedge and the breadth of the base. ' 

‘Bectangular prismoid,—aA rectangular prismoid is a solid bounded 
by six planes, of which the two bases are rectangles, having their corre- 
popping sides parallel, and the four upright sides of the solids are trape- 
zoids, i 

To find the volume of a rectangular prismoid: Add together the areas of 
the two bases and four times the area of a parallel section equally distant 
from the bases, and multiply the sum by one sixth of the altitnde. 

Cylinder.—Convex surface of a cylinder = perimeter of base X altitude, 
To this add the areas of the two ends when the entire surface is required, 


Volume of a cylinder = area of base X altitude. 


Cone.—Convex surface of a cone = circumference of base X half the slant 
side. To this add the area of the base when the entire surface is required, 


Volume of a cone = area of base X one third of the altitude. 


To find the surface of a frustum of a cone; Multiply half the side by the 

sum of the circumferences of the two bases for the convex surface; to this 
add the areas of the two bases when the entire surface is required. 
. To find the volume of a frustum of a cone; Add together the areas of the 
two bases and a mean proportional between them, and multiply the sum by 
one third of the altitude. Or, Vol. = 0.2618a(b3 +c? + bc); a = altitude; 
6 and c, diams. of the two bases. 

Sphere.—To pled the surface of a sphere ; Multiply the diameter by the 
cil caparprence of a great circle; or, multiply the square of the diameter by 
8.14159. 


Surface of sphere = 4 X area of its great circle, 
+ “ “= convex surface of its circumscribing cylinder. 


Surfaces of spheres are to each other as the squares of their diameters, 

To find the volume of a sphere ? Multiply the surface by one third of the 
tadius; or, multiply the cube of the diameter by 7/6; that is, by 0.5236, 

Value of 7/0 to 10 eae seeps = .5235957756, 

The volume of a sphere = 2/3 the volume of its circumscribing cylinder, 

Volumes of spheres are to each other as the cubes of their diameters, 

. Spherical triangle.—To find the area of w spherical triangle: Com- 
pute the surface of the quadrantal triangle, or one eighth of the surface of 
the sphere. From the sum of the three angles subtract two right an Jes; 
divide the remainder by 90, and multiply the quotient by the area of the 
quadrantal triangle. s 

Spherical polygon.—To jind the area of a spherical polygon : Com- 
nute the surface of the quadrantal triangle. From the sum of all the angles 
subtract the product of two right angles by the number of sides less two; 
divide the remainder by 90 and multiply the quotient by the area of the 
quadrantal triangle. ag 

The prismoid.—The prismoid is a solid having parallel end areas, and 
may be composed of any combination of prisms, cylinders, wedges, pyra- 
aids, or cones or frustuins of the same, whose bases and apices lie in the 
end areas. 

Inasmuch as cylinders and cones are but special forms of prisms and 
pyramids, and warped surface solids may be divided into elementary forms 
of them, and since frustums may also be subdivided into the elementary 
forms, it is sufficient to say that all prismoids may be decomposed into 
prisms, wedges, and pyramids, Ifa formula ean be found which is equally 
applicable to all of these forms, then it will apply to any combination of 
them. Such a formula is called 
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The Prismoidal Formula, 


Let A = area of the base of a prism, wedge, or pyramid; 
Aj, Ag, Am = the two end and the middle areas of a prismoid, or of any of 
its elementary solids; 


h = altitude of the prismoid or elementary solid; 
V = its volume; 


h 
Vi= 641 +44, + Ag). 
I 
For a prism, 4;, 4m and Ag are equal, = 4; V= ; X64 =hA, 
4 1 h hA 
For a wedge with parallel ends, 4. = 0, Am = gt ;V= ga +24,) = ae 


1 h h. 
For a cone or pyramid, 4, = 0, 4m = q4u3 ae Acca +A) = 4 

The prismoidal formula is a rigid formula for all prismoids. The oniy 
approximation involved in its use is in the assumption that the given solid 
may be generated by a right line moving over the boundaries of the end . 
areas, 

The area of the middle section is never the mean of the two end areas if y 
the prismoid contains any pyramids or cones among its elementary forms. _ 
When the three sections are similar in form the dimensions of the middle —_ 
area are always the means of the corresponding end dimensions. This fact j 
often enables the dimensions, and hence the area of the middle section, to 
be computed from the end areas. A 


Polyedroms.—a polyedron is a solid bounded by plane polygons. A 
regular polyedron is one whose si 


A TABLE oF THE REGULAR POLYEDRONS WHOSE EDGES ARE Unity. 


Names. No. of Faces, Surface. Volume, 
pROWASCTON Cuan caten eer eae mee 4 1.7320508 0.1178513 
Hexaedron poked 6.0000000 1.0000000 
Octaedron Sta. doen) 3.4641016 0.4714045 
Dodecaedron, . ap CJ 20.6457288 7.6631189 
Icosaedron.......... Rees Saree 20 8.6602540 2.1816950 


To find the velume of a rie he 
11a) 


surface by one third of the perpendicular let fall from the centre on one of 
the faces; or, multiply the cube of one of the edges by the solidity of a 
similar polyedron whose edge is unity. 
By Dai preven ene (ateme of any solid of revolution is — 
he area o} i a 
the path of the centre of gravity of ec ieee 
he convex surface o any solid of revolution is equal to the product of 


the perimeter of its gen atin 4 
of gravity. Benerating surface by the length of path of its centre 


Cylindrical ring.—Let d = outer diameter ; d’ = inner diameter ; 
9 (¢ — a’) = thickness = ¢; 47 = sectional area ; 5(¢+ d’) = mean diam- oe: 
eter = M; wt = circumference of section; 7M = mean circumference of 


ring; surface = rt x nM;= 7™ (d? — d’); = 9.86965 ¢ M; = 2.46741 (@2 —d’2); a 


lar polyedron.— Multiply the 


1 
volume = qre Mr; = 2.4674142 14, 


Spherical zone.—Surfuce of a sphericar 2 f 
= its altitude x the cireumference of a reat circle of the epmeroe yeti ‘ 
circle is one whose plane passes through the centre of the sphere, ns a 

Volume of a zone of @ sphere,—To tke sum of the squares of the radii 
uae of the square i } multiply the sum — 
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Multiply half the height of the segment by the area or the base, and the 
cube of the height by .5236.and add the two products. Or, from three times 
the diameter of the sphere subtract twice the height of the segment; multi- 
ply the difference by the square or the height and by .5286. Or, to three 
times the square of the radius of the base of the segment add the square of 
its height, and eerie the sum by the height and by .5286. 

Spheroid or ellipsoid.—When the revolution of the spheroid is about 
pe transverse diameter it is prolate, and when about the conjugate it is 
oblate. 

Conves surface of a segment of a spheroid.—Square the diameters of the 
spheroid, and take the square root of half their sum ; then, as the diameter 
from which the segment is cut is to this root so is the height of the 
segment to the proportionate height of the segment to the mean diameter.! 
punmely the product of the other diameter and 3.1416 by the proportionate 

eight. 

Convex surface of a frustum or zone of a spheroid.—Proceed as by 
ee rule for the surface of a segment, and obtain the proportionate 

eight of the frustum. Multiply the product of the diameter parallel to the 
base of the frustum and 3.1416 by the proportionate height of the frustum. 

Volume of a spheroid is equal to the product of the square of the revolving 
axis by the fixed axis and by .5236, The volume of a spheroid is two thirds 
of that of the circumscribing cylinder. 

Volume of a segment of a spheroid.—1. When the base is parallel to the 
revolving axis, multiply the difference between three times the fixed axis 
and twice the height of the segment, by the mes of the height and by 
.5236, Multiply the product by the square of the revolving axis, and divide 
by the square of the fixed axis. _ 

2. When the base is perpendicular to the revolving axis, multiply the 
difference between three times the revolving axis and twice the height of 
the segment by the square of the height and by .5236. Multiply the 
product by the length of the fixed axis, and divide by the length of the 
revolving axis. 

Volume of the middle frustum of a spheroid.—1. When the ends are 
circular, or parallel to the revolving axis: To twice the square of the 
middle diameter add the square of the diameter of one end; multiply the 
sum by the length of the frustum and by .2618. 

2. When the ends are elliptical, or perpendicular to the revolving axis: 
To twice the product of the transverse and conjugate diameters of the 
middle section add the product of the transverse and conjugate diameters 
of one end ; multiply the sum by the length of the frustum and by .2618. 

Spindles.—Figures generated by the revolution of a plane area, when 
the curve is revolyed about a chord perpendicular to its axis, or about its 
double ordinate. They are designated by the name of the arc or curve 
from which they are generated, as Circular, Elliptic, Parabolic, ete., etc. 

Convex surface of a circular spindle, zone, or segment of it—Rule: Mul- 
tiply the length by the radius of the revolving arc; multiply this are by the 
central distance, or distance between the centre of the spindle and centre 
of the revolving are ; subtract this product from the former, double the 
remainder, and multiply: it by 3.1416. : 

Volume of a circular spindle,—Multiply the central distance by half the 
area of the revolving segment; subtract the product from one third of the 
‘cube of half the length, and multiply the remainder by 12.5664. 

Volume of frustum or zone of a circular spindle.—From the square of 
‘half the length of the whole spindle take one third of the square of half the 
length of| the frustum, and multiply the remainder by the said half length 
of the frustum ; multiply the central distance by the revolving area which 
igenerates the frustum ; subtract this product from the former, and multi- 
ply the remainder by 6.2832. ‘ : 

Volume of a segment of a circular spindle.—Subtract the length of the 
‘segment from the half length of the spindle ; double the remainder and 
‘ascertain the volume of a middle frustum of this length ; subtract the 
‘result from the volume of the whole spindle and halve the remainder, 

Volume of a cycloidal spindle = five eighths of the volume of the circum- 
sscribing cylinder.—Multiply the product of the square of twice the diameter 
‘of the generating circle and 3.927 by its circumference, and divide this pro- 

‘duet by 8. 

Parabolic conoid.—Volume of a parabolic conoid (generated by the 
evolution of a parabola on its axis).—Multiply the area of the base by half 


‘he height. 
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Or multiply the square of the diameter of the base by the height and bx ~ 
3927. a 


~ Volume of a frustum of a parabolic conoid.—Multiply half the sum of — 
the areas of the two ends by the height. : ie 
Volume of a parabolic spindle (generated by the revo!ution of a parabola a 
on its base).—Multiply the square of the middle diameter by the length = 
and by .4189. i F 
The volume of a parabolic spindle is to that of a cylinder of the same 
height and diameter as 8 to 15. ; g 
Volume of the middle frustum of a parabolic spirdle—Add together 
8 times the square of the maximum diameter, 3 times the square of the end 3 
diameter, and 4 times the product of the diameters. Multiply the sum by — 
the length of the frnstum and by .05236, - : 
This rule is applicable for calculating the content of casks of parabolic 
form. thy 
Casks.—To find the volume of a cask of any form.—Add together 39 — 
times the square of the bung diameter, 25 times the square of the head : 
diameter, and 26 times the product of the diameters, Multiply the sum by — 
the length, and divide by 31,773 for the content in Imperial gallons, or Dy 
26,470 for U.S. gallons. : 
This rule was framed by Dr. Hutton, on the supposition that the middle 4 
third of the length of the cask was a frustum of a parabolic spindle, and: — 
each outer third was a frustum of a cone, ; 
To find the ullage of a cask, the quantity of liquor in it when it is not full. — 
1. For a lying cask: Divide the number of wet or dry inclies by the bung 
diameter in inches. If the quotient is less than .5, deduct from it one 
fourth part of what it wants of .5. If it exceeds .5, add to it one fourth part 
of the excess above 5. Multiply the remainder or the sum by the whole — 
content of the cask. The product is the quantity of liquor in the cask, in 
gallons, when the dividend is wet inches; or the em pty space, if dryinches. _ 
2. For a standing cask: Divide the number of wet or dry inches by the — 
length of the cask. If the quotient exceeds -5,add to it one tenth of its — 
excess above .5; if less than .5, subtract from it one tenth of what it wants 
of .5. Multiply the sum or the remainder by the whole content of the cask. 
The product is the quantity of liquor in the cask, when the dividend is wet 
inches; or the empty space. if dry inches. ; 
Volume of cask (approximate) U. S. gallons = square of mean diam. — 
x length in inches x .0034. Mean diam. = half the sum of the bung and — 
head diams. est 
Volume of an irregular solid.—Suppose it divided into parts, — 
resembling prisms or other bodies measurable by preceding rules. Find — 
KI Pires of each part; the sum of the contents is the cubie contents of 
e solid. : 
The content of a small part is found ne 
of the areas of each end by the perpendic 


ing ae teat by bis 4S evel eh the ees descends when the solid is 
withdrawn. e sectional area of the vessel bein ipli i 
of the level gives the cubic contents. impress i i 
Or, weigh the solid in air and in water; the differen 
water it displaces. Divide the weight in pounds by 62.4 t 
cubic feet. or multiply it by 27.7 to obtain the volume in cubic inches, 3 
When the solid is very large and a great degree of accuracy is not | 
requisite, measure its length, breadth, and depth in several «ifferent 


places, and take the mean of the measurement f i i .. 
multiply the three means together. Or each dec antea: aoe r 


_ When the surface of the solid is very extensive it is b ivide it 
into triangles, to find the area of each trian le, and to xatulttey eve the F 
mean depth of the triangle for the contents of each triangular portion; the 
eur Herts of ie pape iat, Sections are to be added together Se 
€ mean depth of a triangular section is obtained b:  measurin the 
depth at each angle, adding together the. thre a aii 4 
See hd or Chee © measurements, and Pe 


i 
ce is the weight of: 
0 obtain velume in — 


a 
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Trigonometrical Functions. | 


Every triangle has six parts—three angles and three sides. When any 
three of these parts are given, provided oné of them is‘a side, the other 
parts may be determined. By the solution of a triangle is meant the deter- 
mination of the unknown parts of a triangle when certain parts are given. 

The complement of an angle or arc is what remains after subtracting the 
angle or are from 90°. ; ’ 

In general, if we represent any are by A, its complement is 90° —_A.. 
Hence the complement of an arc that exceeds 90° is negative. 

Since the two acute angles of a right-angled triangle are together equal to 
a right angle, each of them is the complement of the other. a 

The supplement of an angle or are is what remains after Subtracting the 
atigle or are from 180°. If 4 is an ar¢ its supplement is 180° —_4, The sup- 
plement of an arc that exceeds 180° is negative. 

The sum of the three angles of a triangle is equal to 180°. Wither angle is 
the supplement of the other two. In a'right-angled triangle, the right angle 
being equal to 90°, each of the acute Baetes is the complement of the other. ¢ 

In all right-angled triangles having the same acute angle, the sides have 
Cee other the same ratio. These ratios have received special names, as 

ollows: ' 

If A is one of the acute angles, a the opposite side, b the adjacent side, 
and c the hypothenuse. { 

Whe sine of the angle A is the quotient of the opposite side divided by the 

a 


] 
hypothenuse. Sin, A= = ey 
The tangent of the angle Ais the quotient of the opposite side divided by 


a 
the adjacent side. Tang, A = ipa é 
The secant of the angle A is the quotient of the hypothenuse divided by 


the adjacent side. Sec. A= iE 


The cosine, cotangent, and cosecant of an angle are respec- 
tively the sine, tangent, and secant of the éomplement of that angle. The 
terms sine, cosine, etc., are called trigonometrical functions. 

In acircle whose radius is unity, the sime of an are, or of the angle at the 
centre measured by that are, is the perpendicular let fall from one extrem- 
ity of the are upon the diameter passing through the other extremity. 

The tangent of an arcis theline which touches the circle at one extrem- 
ity of the arc, and is limited by the diameter (produced) passing through 
the other extremity. 

Whe secant of anarcis that part of the produced diameter which is 
intercepted between the centre and the tangent. 

Whe versed sine of an arc is that part of the diameter intercepted 
between the extremity of the arc and the ‘foot of the sine. 

In a circle whose radius is not unity, the trigonometric functions of anarc; 
will be equal to the lines here defined, divided by the radius of the circle, | 

If IC A (Fig. 70) is an angle in the first quadrant, and @ F= radius, 


i FE OG ayeken 
The sine of the angle = Rads Cos = madi. = ad 


IA Cr 
Tang. = Rag, Secant = Rag ©o8= Rad. 


cL” r GA 
Cosec. = Rad Versin, = Rad. B 


If radius is 1, then Rad. in the denominator ig 
omitted, and sine = FG, ete. ' 

The sine of an arc = half the chord of twice the 
are, fd , 
The sine of the supplement of the arc is the same M Ey 

as that of the arc itself. Sine ofare BDF=FG= "~ f 
SsinarcF A, . — Fia. 70, 
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The tangent of the supplement is equal to the tangent of the are, but with 
acontrary sign. Tang BDF= BM. : 

The secant of the Pupp lomot is equal to the secant of the arc, but with a 
contrary sign. Sec. BDF =CM. 

Signs of the functions in the four quadrants.—If we 
divide a circle into four quadrants by a vertical and a horizontal diame- 
ter, the upper right-hand quadrant is called the first, the upper left the sec- 
ond, the lower left the third, and the lower right the fourth. The signs of 
the functions in the four quadrants are as follows: 


First quad. Second quad. Third quad. Fourth quad. 
Sine and cosecant, + - = 


Cosine and secant, =— aly + 
Tangent and cotangent, - + 


a ee ST eee A ee ee een 


The values of the functions are as follows for the angles specified: 


° ojo ° e ° o}fo]o ‘ 
45 | 60/90; 120 135 150 |180)270|360 
v3l_| v3 a 
+h} 2) 2) 2 eee 
v2 12 2 V3 2 
Dad 1 1 3 

V_ \2 A Ea aie 9 [aa Oo)! 
1 |v3e—v73 | 4 ole i 
ir ap Ololb ; 
is Oe ae ig | 
V3) | V5 —1 vel el oll: om 

IA eb eS esas ais ee! alee 1 
v2 |2 2 v3 


vi"| v3 | ve] 2 |el-afe 


3|¥2—1 34.4)2+ 43 
pS - ee vats x8 2]1/0 
72° \2 2 V2 2 4 
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The following relations ar. F el 
angles (Radius — 1): © deduced from the properties of similar tri 7 


cos A: sin A : 1: tan 4, whence tan A= sin A ot 


cos A’ ‘ 

sin 4: cos 4 z1:cot.4, “ cotan 4 — C84. iq 

in A’ 3 

cos 4:1 #lisecé, “- gee 4) _. j 

s A “a 

sin.411 1 “ ee F 

& Lscosec 4, “ cosec 4 = ain a? ” 

tan 4:1 zlieota “ tan ao 4 

cot 4 3 

The sum of the square of the sin i 


: © of an arc and the Square.of its cosine. 


I Pumctions or the wae a4 alac 4 
‘umctions o © sum and difference of tw les: 
Let ‘the two angles be denoted b. A i iy sien phe ne 
their difference 4 S B by D. fort By thelr guna 4 eS Caee 


a 


sin(4 + B) = sin A cos B + cos 4 sin B; sai fe) de trae Gd), 


7 AE ee Oe eee 
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cos (A-++ B) = cos 4cos B—sin Asin B; . . . ~ » (2) 
sin (4 — B) = sin Acos B—cos Asin B3; . . «~~ (8) 
cos(A4— B) =cosAcosB+sin Asin B.. .... (4) 
; From these four formule by addition and subtraction we obtain 
sin (4+ B)+sin(A — B)=2sin AcosB;.... » (5) 
sin (4+ B) —sin (4—B)=2cos Asin B}. , ... (6) 
cos(A4-+ B)+ cos (A —B)=2cos4cosB;..... (%) 
cos (4 — B)— cos(4+ B)=2s8in Asin B.. . ... 8 
If we put A+ B= C,and A— B= D, then A= 14(C+ D) and B= 4%W(C— 
D), and we have 
sin C+ sin D=2sin (C+ D)cosY%(C—D);. .«. . (9) 
sin C — sin D=2cos (C+D) sin(C— D);. . « » (10) 
cos C + cos D = 2cos 14(C + D)cos¥4(C — D); . . » « (il) 
cos D—cos C= 2sin %(C+ D)sinkg(C— D). . » « « (12) 
_ Equation (9) may be enunciated thus: The sum of the sines of any two 
angies is equal to twice the sine of half the sum of the angles multiplied by 
the cosine of half their difference. These formule enable us to transform 
a sum or difference into a product. 


The sum of the sines of two angles is to their difference as the tangent of 
half the sum of those angles is to the tangent of half their difference. 


sinA+sinB _ 2sin14(4 + B) cos}4(A — B) _ tan}e(4 + B) 13) 
: sin A— sin B 2cos}(A + B)sin 4(A — B)  tan}4(4 — BY 


The sum of the cosines of two angles is to their difference as the cotangent 
of half the sum of those angles is to the tangent of half their difference, 


cos A+cosB _ 2cosi4(A-+ B) cos 4(A — B) _ cot 16(4 + B) (14) 

eosB—cosA~ 2sin (4+ B)sin (4 — 8B) tan (4 — B) : 

The sine of the sum of two angles is to the sine of their difference as the 
sum of the tangents of those angles is to the difference of the tangents. 


sin (A + B) _ tan A+ tan B. 
sin(4— B#) . tan.A —tanB’* 


otncmiyyielig tater NCLO) 


CA By Bet _ tan A+tan B 
Ce Aeae oe a aoe tan (4+ 2) = TT tan A tan B* 
sin(A —B) _ Hee Wes tay sh _ tan A —tanB, 
: ego ee oe B; n (A OS Ls tae a taal 
a rk ae tapes bade Sot (+B)= Fy ee ars 
cos (A — B) _ _ py _ cot AcotB+1 
cea Pia ee oe as cot B — cot 4” 


Functions of twice an angle: 


sin 24 = 2sin A cos A; cos 24 = cos? A — sin? A; 
2tan A cot? A —1 
san 24 = {2 tanked’ bol te or coh: 
Functions of half an angle: 
sin 44 = + 4/124, cos a= 4/1 EA, 


l 1 —cos A 1+ cos 4 f 
tan gd = 4 4/ TES cot haat 4/ Eee 
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Solution of Plane Bight-angled Triangles, 


Let 4 and B be the two acute angles and C the right angle, and a, 6, and 
c the sides opposite these angles, respectively, then we have 


a 
1. sin A= cosB = %; 3. fan A'= cob Bis 
b 


2, cos 4 = sin Ba; 4. Cola = tan 


1. In any plane right-angled triangle the sine of either of the acute angles 
is equal to the quotient of the opposite leg div apendiatf the hypothenuse. 

2. The cosine of either of the acute angles is eq to the quotient of the 
adjacent leg divided by the hypotbenuse. A 

8. The tangent of either of the acute angles is equal to the quotient of the 
opposite leg divided by the adjacent leg. 

4. The cotangent .of either of the acute angles Is equal to the quotient of 
the adjacent leg divided by the opposite leg. ‘ 


5. The square of the hypothenuse equals the sum of the squares of the 
other two sides. 


Solution of Oblique-angled Triangles, 


The following propositions are proved in works on plane trigonometry. In 
any plane triangle— 

Theorem 1. The sines of the angles are nroportional to the opposite sides. 

Theorem 2. The sum of any two sides is to their difference as the tangent 
of half the sum of the opposite angles is to the tangent of half their differ- 
ence. ; 

Theorem 3. If from any angle of a triangle a perpendicular be drawn to 
the opposite side or base, the whole base will be to the sum of the other twa 
oe as aaa ifference of those two sides is to the difference of the segments 
of the base, 

Case I. Given two angles and a side, to find the third angle and the other 
twosides. 1. The third angle = 180° — sum of the two angles. 2. The sides 


The side opposite the given angle is to the side o: osite the required angle 
as the sine of the given angle is to the sine of the Peanined angler z 


The third angle is found by subtracting the sum of the other two from 180¢, 


The sum of the Tequired angles is found b subtracting the given angle 
from 180°. The difference of the tis Ne angles is then found by Theorem 
Meat aiference aie ha 4 aie eum gives the greater angle, and 

ce subtracte m. U i 
third side is then found by Theorem I.” SW 8ives the less angle, " The 
Another method : 


Given the sides c, b, and the included ‘ang. ti i i 
and the remaining angles Band ¢. io eh whoa Reenter 


From either of the unknow. angi 
PE eer n angles, as B, draw a perpendicular B e to the 


‘hen 


Ae=ccos A, Be=csin A, eC=b= Ae, Be--eC=tand. 
Or, in other words, solve B e.Aeand Be ight- 
Cask IV. Given the three sides, to find ie sent Sneed ae 


Let fall a perpendicular upon the longest side f 
dividing the given triangle into two right-angled ria ee. he tee 
rents of the base may be found by Theorem III. 


For areas of triangles, see Mensuration, 
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' Analytical geometry is that branch of Mathematics which has for 
its object the determination of the forms and magnitudes of geometrical 
magnitudes by means of analysis. 
, Ordinates and abscissas.—In analytical geometry two intersecting 
lines YY’, XX’ are used as cudrdinate axes, 
XX’ being the axis of absvissas or axis of X, 
and YY’ the axis of ordinates or axis of Y, 
A, the intersection, is called the origin of co- 
6rdinates. The distance of any point P from 
the axis of Y measured parallel to the axis of 
X is called the abscissa of the point, as 4D or 
CP, Fig. 71. Its distance from the axis of X, 
measured parallel to the axis of Y, is called 
the ordinate, as AC or PD. Theabscissa and 
ordinate taken together are called the codr- 
dinates of the point P. The angle of interséc- 
tion is usually taken as a right angle, in which 
case the axes of X and Y are called rectangu- 
lar coérdinates. 
The abscissa of a point is designated by the letter x and the ordinate by y. 
The equations of a point are the equations which express the distances of 
the point from the axis. Thus «=a, y=b are the equations of the point P, 
Equations referred to rectangular coérdinates,—The equa- 
tion of a line expresses the relation which exists between the coérdinates of 
every point of the line. ‘ 
qenuation of a straight line, y = az + b, in which a is the tangent of the 
angie the line makes with the axis of X, and b the distance above A in which 
the line cuts the axis of Y. 
Every equation of the first degree between two variables is the equation of 
a straight line, as 4y-+ Ba + C= 0, which can be reduced to the form y = 


ox + b. 

Equation of the distance between two points: 

D= Va" = #/P +” —y, 

in which wy’, x/’y’’ are the codrdinates of the two points. 

Equation of a line passing through a given point; 

y—y' = ae — 2’), 

in which «’y’ are the codrdinates of the given point, a, the tangent of tne 
angle the line makes with the axis of w, being undetermined, since any num- 


ber of lines may be drawn through a given point. — 
, Equation of a line passing through two given points: 


WT Leah 
y-y= % = Ee — w'). 


Equation of a line parallel to a given line and through a given point... 
y-—y' = ae — 2’), 

Equation of an angle V included between two given lines: 

a’—a 

1+a/a’ ; 

in which @ and a’ are the tangents of the angles the lines make with the 


axis of abscissas, ! 
If the lines are at right angles to each other tang V = 0, and 


1+a/a=0., ; 
Equation of an intersection of two lines, whose equations are 
ys=ar+b, and y=a/a+d’, 


ed pee 
onal een ta nace e 


tang V = 


— 
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Equation of a perpendicular from a given point to a given line: 
1 U 
oy ee a). 


Equation of the length of the perpendicular P: 
ony? — ax! — b 


Vita 


The circle,—Kquation of a circle, the origin of codrdinates being at the 
centre, and radius = R: 


a+ y2= R2, 
If the origin is at the left extremity of the diameter, on the axis of X: 
y? = 2Ra — 23, 
If the origin is at any point, and the cordinates of the centre are ay’: 
(@— #9 +(y = y!)? = R. } 
Equation of a tangent to a circle, the codrdinates of the point of tangency 
being x’’y’’ and the origin at the centre, 
yy" + wx! = R2, 
The ellipse.—Hquation of an ellipse, referred to rectangular codrdi- 
nates with axis at the centre: 
Ary? + Bret = 49R9, 


in which is half the transverse axis and B half the conjugate axis, 


Equation of the ellipse when the origin is at the vertex of the transverse 
axis; 


2 
y= Bade — 24), 


The eccentricity of an ellipse is the distance from the centre to either 
focus, divided by the semi-transverse axis, or 


4 Ai — Bi 


e= 7 = 


The parameter of an ellipse is the double ordinate passing through the 


focus, It is a third proportional to the transverse axis and its conjugate, or gs 


a 
24:2B::2B; parameter; or parameter = a ‘ 


Any ordinate of a circle circumscribing an ellipse is to the corresponding 
ordinate of the ellipse as the semi-transverse axis to the semi-conjugate, 
Any ordinate of a circle inscribed in an ellipse is to the corresponding ordi- 
nate of the ellipse as the panicconingate axis to the semi-transverse. 

Equation of the tangent to an ellipse, origin of axes at the centre ; 


Atyy! + Bree! — 499, 


ya being pe popntinates of Le Fort ee aneener: a r 
ation of the normal, passing through the point of tangency, and per: 
pendicular to the tangent: ee . = pg eee 


Qo7 
Yr y”’ = raat 1 = a’), 


Big” 
The normal bisects the angle of the two lines drawn from the point of 
: rap eed to the foci, rr 


¢ lines drawn from the foci make equal angles with th t. 
oe fen heer ee nt thes 2 Shes Pieee : 

coordinates, the origin being at the vertex of its axis, 73 = ¢ i 2; 

is the parameter or double ordinate through the fous: ee 
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The parameter is a third proportional to any abscissa and its corresponding 


ordinate, or op 
LVIyYuys rp. 
Equation of the tangent: 
vy” = ple +2", 


yx’ being codrdinates of the point of tangency. 
Equation of the normal; 


eat fig bast dg — gi 
y-y rey e 


The sub-normal, or projection of the normal on the axis, is constant, and 
equal to half the parameter. 
he tangent at any point makes equal angles with the axis and with the 
line drawn from the point of tangency to the focus. 
The hyperbola.—Equation of the hyperbola referred to rectangular 
codrdinates, origin at the centre: 


Aly? — Bie? = — A2B2, 


in which A is the semi-transverse axis and B the semi-conjugate axis. .. 
Equation when the origin is at the right vertex of the transverse axis: 


y= Fede + 2), 


Conjugate and equilateral hyperbolas.—If on the conjugate 


axis, as a transverse, and a focal distance equal to #/A?-+ B?, we construct 
the two branches of a hyperbola, the two hyperbolas thus constructed are 
called conjugate hyperbolas. If the transverse and conjugate axes are 
equal, the ore are called couieterst in which case y? — 2? = — A? 
when A is the transverse axis, and 2? — y2 = — B43 when B is the trans- 
verse axis, 

The parameter of the transverse axis is a third proportional to the trans- 
verse axis and its conjugate. 


24:2B::2B : parameter. 


The tangent to a hyperbola bisects the angle of the two lines drawn from 
the point of tangency to the foci. 

The asymptotes ofa porno. are the np hee of the rectangle 
described on the axes, indefinitely produced in both directions. 

In an equilateral hyperbola the asymptotes make equal angles with the 
transverse axis, and are at right angles to each other, 

The asymptotes continually approach the hyperbola, and become tangent 
to it at an infinite distance from the centre. : 

Conic sections,—Every equation of the second degree between two 
variables will represent either a circle, an ellipse, a parabola ora hyperbola. 
These curves are those which are obtained by intersecting the surface of a 
cone by planes, and for this reason they are called conic sections. 

Logarithmic curve,—A logarithmic curve is one in which one of the 
coérdinates of any point isthe logarithm of the other. 

The codrdinate axis to which the lines denoting the logarithms are parallel 
is called the axis of logarithms, and the other the axis of numbers, If y is 
the soe of logarithms and 2 the axis of numbers, the equation of the curve 
is y = log x. Re 

If the base of a system of logarithms is a, we have a¥ = 2, in which yis the 
logarithm of z. 

Each system of logarithms will give @ different logarithmic curve. If y= 
0,2 =1. Hence every logarithmic curve will intersect the axis of aumbers 
at a distance from the o. equal to 1, 
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DIFFERENTIAL CALCULUS. 


The differential of a variable quantity is the difference between any two 
of its consecutive values; hence it is indefinitely small. It is expressed by 
writing d before the quantity, as dx, which is read differential of 2. 


The term wy is called the differential coefficient of y regarded as a func. 


tion of z. i . : é 
The differentjal of a function is equal to its differential coefficient mul- 


tiplied by the differential of the independent variable; thus, ax = dy. 


The limit of a variable quantity is that value to which it continually 
ppernnches, So as at last to differ from it by less than any assignable quan- 
ity. 


The differential coefficient is the limit of the ratio of the increment of the 
independent variable to the inerement of the function. 
The differential of a constant quantity is equal to 0. 

The differential of a product of a constant by a variable is equal to the — 
constant multiplied by the differential of the variable, 


If w= Av, du = Adv. 
In any curve whose equation is y =f(«), the differential coefficient 
= = tan a; hence, the rate of increase of the function, or the ascension of 


the curve at any point, is equal to the tangent of the angle which the tangent 
line makes with the axis of abscissas. cx 
All the operations of the Differential Calculus comprise but two objects: — 
1. To find the rate of change in a function when it passes from one state 
of value to another, consecutive with it, 
2. To find the actual change in the function: ‘The rate of change is the 
differential coefficient, and the actual change the differential, ¢ 
Differentials of algebraic functions,—The differential of the 
sum or difference of any number of funetions, dependent on the same 
variable, is equal to the sum or difference of their differentials taken sepa- 


rately: 
If u=ytz2-—w, du=dy+dz—adw. y 


The differential of a product of two functions dependent on the same 
variable is equal to the sum of the products of each by the differential of 


the other: 
aur) = vdu + udv, dwn) Eda ap. 
: we ul» 
The differential of the Product of any number of functions is equal to. the 


sum of the products which arise b. multiplying the di ial } 
function by the Product of all the others: yd wields ree 


Cuts) = tsdu + usdt + utds, 


The differential of a fraction equals the denominator into the differential ~ 


of the numerator minus the numerator into the differenti 
inator, divided by the Square of the denominator entlel Of ie deseo 


~q(%)_vdu —udv bs 

& a-a(7)- oe : 

If the denominator is constant, dv = 0, and dt = wily de 
on v 


If the numerator is constant, du =0, and dt = — U2 
2 
_ The differential of the Square root of a quantit: is ] i : 
tial of the quantity divided by twice the Bouara root of the quautiggn t 


If v=ut, or v= Vu pee, 3 Teg 
’ Vu, v Wee Pe du. 


DIFFERENTIAL CALCULUS. 73 


The differential of any power of a function is equal to the exponent multi- 
plied by the function raised to a power less one, multiplied by the differen- 
tial of the function, d(w”) = nu” — 1du, 8 

Formulas for differentiating algebraic functions. 


/1.d (a) =0. : 6 a() = ae 
nd marr ee 
2. d (ax) = adx. 7. d (a@™) = ma™ > laa, 
3.d(a@+y) =de+dy. 8.d( Vx) = a 
, 2a 
4.d (@—y)=dx—dy. r r 
eR 
5. d (ay) = ady +ydx. inlet Dee annie dz. 


To find the differential of the form wu = (a+ bu”)™: 

Multiply the exponent of the pareuthesis into the exponent of the varia- 
ble within the parenthesis, into the coefficient of the variable, into the bi- 
nomial raised to a power less 1, into the variable within the parenthesis 
raised to a power less 1, into the differential of the variable. 


du=d(a+bau")™ = mndbla + ba”)™—* a” ~ Naa, hi 


To find the rate of change for ua given value of the variable: 
Find the differential coefficient, and substitute the value of the variable in 
the second member of the equation. 
du 


Exampie.—if wis the side of a cube and wu its volume} w= 23, Sn = 8x2, 


Hence’ the rate of change in the volume is three times the square of the 
edge. If the edge is denoted by 1, the rate of change is 3. - ; 

Application. The coefficient of expansion by heat of the volume of a body 
‘is three times the linear coefficient of expansion. Thus if the side of a cube 
expands .001 inch, ifs volume expands .003 cnbie inch. .,1.0018 = 1.003003001. 

A partial differential coefficient is the differential coefficient of 
a function of two or more variables under the supposition that only one of 
them has changed its value. 

A partial differential is the differential of a function of two or more vari- 
ables under the supposition that only one of them has changed its value, 

The total differential of a function of any number ofrvariables is equal to 
the sum of the partial differentials. = : 

If u=f (xy), the partial differentials are = dx, qt 

du du du, 

= 72 yp Ses se seh os Spices 2dy — dz. 
Ifu=2?+ 43 — 2, du aa + ay! + Ce dz; = «dx + 3y2dy — dz 


Integrals.—An integral is a functional expression derived from a 
differential. Integration is the operation of finding the primitive function 
from the differential function. It is indicated by the sign /, which is read 
“the integral of.” Thus f 2adx = a? ; read, the integral of 2ada: equals x7. 


To integrate an expression of the form ma” ‘da or «da, add 1 to the 
exponent of the variable, and divide by the new exponent and by the differ- 
ential of the variable: / 872da = x. (Applicable in all cases except when 
; -1 
m=-—1,. For ff x dz see formula 2 page 78.) 


The integral of the product of a constant by the differential of a vari- 
able is equal to the constant multiplied by the integral of the differential: 


Ne ee Ma cay al » 
fax dea af a OS tae 5 
The integral of the algebraic sum of any number of differentials is equal to 
the algebraic sum of their integrals: ; : 

du = 2ax2da — bydy — z*dz; fdu= ans - a” - > 
Since the differential of a constant is 0, a constant connected with a vari- 
able by the sign + or — disappears in the differentiation; thus d(a + am) = 
da™ = ma™ ~ ‘do. Hence in integrating « differential expression we must 
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annex to the integral obtained a constant represented by C to com 
for the term which may have been lost in differentiation: Thus if \ 
dy =adzx; fdy=afdxz. Integrating, 


y=ax+0, 


The constant C, which is added to the first integral, must have 
value as to render the functional equation true for every possible va 
may be attributed to the variable. Hence, after having found t 
integral equation and added the constant C, if we then make the \ 
equal to zero, the value which the function assumes will be the trv 
of C. 


An indefinite integral is the first integral obtained before the value 
constant C is determined. 

A particular integral is the integral after the value of Chas been f 

A pa integral is the integral corresponding to a given valu 
variable. 

Integration between limits.—Having found the indefini 
gral and the particular integral, the next step is to find the definite ii 
and then the definite integral between given limits of the variable. 

The integral of a function, taken between two limits, indicated b 
values of x, is equal to the difference of the definite integrals corr 


' ing to those limits. The expression 


Aglt 
, dy=a Ws dx 
gl 


fs read: Integral of the differential of y, taken between the limits a’ 
the least limit, or the limit corresponding to the subtractive integra 


‘placed below. 


Integrate du = 9x2dx between the limits 2 =1 and « = 3, u being « 
81 when x=0. fdu = /9x%dx = 343+ C; O=81 when x = 0, then 


y 


x =3 
ae du = 3(3)8 + 81, minus 3(1)? + 81 = 78, 
w=1 


Integration of particular forms, 
To integrate a differential of the form du = (a+ ba)™z" - Igy. 


1, If there-is a constant factor, place it without the sign of the i 
and — the power of the variable without the parenthesis and thi 
ential; 

2. Augment the exponent of the parenthesis by 1, and then divi 

uantity, with the exponent so increased, by the exponent of the 
thesis, into the exponent of the variable within the parenthesis, into 
efficient of the variable. Whence 


J du = @+banymt t Cc 
(m+1)nb- 


The differential of an are is the hypothenuse of a ri ht-angle tri 
which the base is dx and the perpendicular dy, 3 mele 


Ifzisanare,dz= VYdx?+dy2 z—f /aa2 + dy?, 
Quadrature of a plane figure, 
Rae eeleteniial eee Bes oF a plane surface is equal to the ordin: 
ds = ydx. ' 
To apply the principle enunciated in the last equation, in finding t 
of any particular plane surface : 


Find the value of y in terms of x, from the equation of the boundi: 
substitute this value in the differential equation, and then integrate b 
the required limits of x. 


Area of the parabola.—Find th f i 
mon parabola whose equation is gd eign ter ae 


y? = 2px; whence y = WV 2px. 
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ubstituting this value of y in the differential equation ds = ydx gives 


as ats 2 4/2p 
[sa f vipa = y% fae = = P ah +0; 


24/2%px xu 2 
— = 3% + C. 


' we estimate the area from the principal vertex, x = 0, y= 0, and C= 0; 
| denoting the particular integral by s’, s’ = 5 ey: H / 
hat is, the area of any portion of the parabola, estimated from the ver- 
, is equal to % of the rectangle of the abscissa and ordinate of the extreme 
nt. The curve is therefore quadrable. 

juadrature of surfaces of revolution. —The differential of a 
face of revolution is equal to the circumference of a circle perpendicular 
he axis into the differential of the arc of the meridian curve. 


ds = 2nyf/dx? + dy?; 


vhich y is the radius of a circle of the bounding surface in a plane per- 
dicular to the axis of revolution, and x is the abscissa, or distance of the 
1e from the origin of codrdinate axes. F 

herefore, to find the volume of any surface of revolution: \ 
ind the value of y and dy from the equation of the meridian curve in 
ns of w and dw, then substitute these values in the differential equation, 
integrate between the proper limits of x. 

y application of this rule we may find: 

he curved surface of a cylinder equals the product of the circumference 
he base into the altitude. ” 

he convex surface of a cone equals the product of the circumference of 
base into half the slant height. “ 

1e surface of a sphere is equal to the area of four great circles, or equal 
ne curved surface of the circumscribing cylinder. 

ubature of volumes of revolution.—A volume of revolution 
volume generated by the revolution of a plane figure about a fixed line 
od the axis. ; 

we denote the volume by V,'dV = my? dz. 

1e area of a circle described by any ordinate y is ry2; hence the differ- 
al of a volume of revolution is equal to the area of a circle perpendicular 
ie axis into the differential of the axis. 

e differential of a volume generated by the revolution of a plane figure 
it the axis of Y is ra?dy. 

, find the value of V for any given volume of revolution : 

nd the value of y? in terms of 2 from the equation of the meridian 
‘e, Substitute this value in the differential equation, and then integrate 
yeen the required limits of x. 

‘ application of this rule we may fi.d: 

ie volume of a cylinder is equal to the area of the base multiplied by the 


ons a8 


ude, 

weg of a cone is equal to the area of the base into one third th 

ude, is F 

e volume of a prolate spheroid and of an oblate spheroid (formed by 
‘evolution of an ellipse around its transverse and its conjugate axis re- 
tively) are each equal to two thirds of the cireumseribing cylinder. 

the axes are equal, the spheroid becomes a sphere and its volume = 


ap oe iD; R being radius and D diameter. 


e volume of a paraboloid is equal to half the cylinder having the same 
and altitude. 

e volume of a pyramid equals the area of the base multiplied by one 
| the altitude. S ; 
cond, third, etc., differentials.—The differential coefficient 
x a function of the independent variable, it may be differentiated, and 
aus obtain the second differential coefficient: 


a = oe Dividing by dx, we have for the second differential coeffi- 
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cient pad which is read: second differential of u divided by the square of eI 4 


the differential of x (or dx squared). 


3. ’ ey 
The third differential coefficient “ is read: third differential of wdivided 
by dx cubed. r an =} % 
he differentials of the different orders are obtained by eaeie eS : 


3 ue q 
differential coefficients by the corresponding powers of dz; thus — dz8= ; 


dz? 
third differential of u. ti 
Sign of the first differential coefficient.—If we have a curve 
whose equation is y= jx, referred to rectangular codrdinates, the curve 


will recede from the axis of X when oe is positive, and approach the 


axis when it is negative, when the curve lies within the first angle of the 
coordinate axes. For all angles and every relation of y and 2 the curve 
will recede from the axis of X when the ordinate and first differential co-— 

efficient have the same sign, and approach it when they have different _ ; 
signs. If the tangent of the curve becomes parallel to the axis of Xatany 


point ca =0,. If the tangent becomes perpendicular to the axis of X at any 
; dy | ri 
point eins wr 

Sign of the second differential coefficient.—The second dif- 
ferential coefficient has the Same sign as the ordinate when the curve is” < 


Maclaurin’s Theorem,—For develop: _. 
of a single variable as u =A + Bu + Cx? + Das 4- Ex, ete., in which aw, oF 
C, etc., are independent of x: ne 

dw 1 (du 1 ay ie 
c= — x-+-—_( —_ A +, (SS fe 
ak ais #=0 1.2 es +a Peat ane yo 

In applying the formula, omit the expressions ¢ = 0, although the coeffi- 


cients are always found under this hypothesis, 4 
EXAMPLES: . . a 


ae 
(a+a)" =a™+ma™— Vy 4 ; @=) Dam- Popa 4 


m = = b 
+ > mad = Dam=S294 ote, aks 
n atte . 
qhti? ete, 


1 1 ta 28 
+a a eta qat--:- 


Taylor’s Theorem,—For develo ing into a series an ae the 
sum or difference of two independent variables, as u’ ay eee veite 
du du y? an 3: 
oe = 4 —— ae ee fy aa 
det aa 3 + aes | 2.8 tee 


in which u is what u/ becomes when y=0, a is what 7 becomes when 
y= 0. ete. ae 


Maxima and minima.—To find i : Arex a. 
of a function of a single paren Fh the maximum or minimum value : 


1. Find the first differential coefficient i t ; 
or oe the roots of the equation. Sa Wes piess * e 7a 
. Bind the second differential coefficient and substitut h real root, — 
in succession, for the variable in the second 1 he eqaaniene’ Eac = 
Toot which gives a negative result will eo eeere ye ae 


the function, and eac é result will correspond to a ‘ 


minimum value. 
EXAMPLE,—To find the value of « which will render the function y oe 
n of the circle, y2 4 72 = Bets oe ue 


maximum or minimum in the equatio: 


=—-—-; Inaking ~ 26 of as ing 
y oy y Ogivesa = 0, ay ’ 
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The second differential coefficient is: = -8a%, 
‘When x= 0, y= R; hen ft =~ 5 which being negative, y is a maxi. 


mum for F positive. 
~ In applying the rule to practical examples we first find an expression for 
the function which is to be made a maximum or minimum. 

2. If in such expression a constant quantity is found asa factor, it ma: 
be omitted in the operation, cor the product will be a maximum or a ered 
tum when the variable factor is a maximum or a minimum. 

3. Any value of the independent variable which renders a function a max-; 
imum or a minimum will render any power or root of that function a 
Iaaximum or minimum; hence wc may Square both members of an equ: 
tion to free it of radicals before differentiating. 

By these rules we may find: 

The maximum rectangle which ean be inscribed in @ triangle is one whose 
altitude is half the altitnde of the triangle. 

The altitude of the maximum cylinder which can be inscribed in a cone is 
One third the altitude of the cone. - 

The surface of a cylindrical vessel of a given volume, open at the top,isa 
minimum when the altitude equals half the diameter. 

The altitude of a cylinder inscribed ina sphere when its convex surface igs 
@ maximum isr 4/2. r= radius. i 

The altitude of a cylinder inscribed in a sphere when the volume is a 
Maximum is 2r + 4/3. : 

(@or maxima and minima without the ealenlus see Appendix, p. 1080.) 

Differential of an exponential function, 


F If u=a*. CPS ee ee a, eam Laie ae @ 
then du = da® = ak dz, © O27 et ee 6 ee ® 
Sect & fe & Constant depenient ana, 


The relation between a and kis a* = e; whence a = &, oars) 


in which e — 2.7182818 . . . the base of the Naperian system of logarithms. 

Logarith ms.—The logarithms in the Naperian system are denoted by 
t, Nap. log or hyperbolic log, byp. log, or log_; and in the common system 
always by log. 

&=Nap.loga, loga=kloge. .. 2... , 4 

The common logarithm of e, = log 2.7182818 . . . — .4342945 -.., is called 
the modulus of the common system, and is denoted by M. Hence, if we have 
tae Naperian logarithm of a number we ean find the common logarithm of 
the same number by multiplying by the modulus, Reciprocally, Nap. 
Jog = com. log x 2.325851. 

if in equation (4) we make a = 10, we have 


1=£kloge, or i=bge=™ F 
That is, the modulus of the common system is equal to 1, divided by the 


N ian logarithm of the common base, 
3 equation (2) we have 
ast dot. 
Oy = 2 
if we make a = 10, the base of the common system, x = log u, and 
du_1_ ds 
Sk 6) = OF = 


That i the differential of a common logarithm of a quan is equal to the 
differential of the quantity divided by the quantity, into ibnd ed 
if we make a = ¢, the base of the Naperian system, z becomes the Nape- 
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rian logaritnm of u, and k becomes 1 (see equation (3)); hence M= 1, and 
du. _ du 
Go he 


d(Nap. log u) = dz = 


That is, the differential of a Naperian logarithm of a quantity is equal to the 
differential of the quantity divided by the quantity; and in the Naperian — 
system the modulus is 1. : 
Since & is the Naperian logarithm of a, du =a” la dz. That is, the 
differential of a function of theform a” is equal to the function, into the © 
Naperian logarithm of the base a, into the differential of the exponent. : 
rtd we have a differential in a fractional form, in which the numerator is 4 
the differential of the denominator, the integral is the Naperian logarithm ~ 
jor the gsr Integrals of fractional differentials of other forms are — 
given helow: 


Differential forms which have known integrals; ex= 
ponential functions. (/ = Nap. log.) : 


1. fatiaar =o +6; 


t 
= B= face =te+0, 


3. a tae ty da) = y* + 0; 
4. A d : 
4 ies SIOt YAO OS 
5 dx $s ‘ 
of are =Uz a a+ a7 x Rae) + 0; . 
Rada ear 
a face = (+2) +0; act 


a Pada f= 
SF = Fa) +e 


8. fs 2adar oy Varroa 
vera ~\yrraqa) tO 

‘6. ee PY a a ie re 
x A/a? — 32 a+ Wa? — a, ’ " 

10, 2 Pda i+ Vitam a 
Veron | 0 


Circular functions Let z den adran it 
é 4 : -—L ote an are i 

ue ‘z i pat v 1ts versed sine, and t¢ its Sanpent: at the followin batts 
mployed to designate an are by any one of its functions, viz., z: : 

—1 ; st 
sin ‘ 4 denotes an are of which y is the sine AS} 
cos~lye « wo Ww 6 “ : eet 

2 is th i 

tan-! fo ee gc “ octet 


t is the tangent: 
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{read “fare whose sine is y,”’ etc.),—we have the following differential forms 
which have known integrals (7 = radius): 


fcosza: =sinz+¢; J so2ae= versins +6; 


| J - se 2ae = cost 6; S& = tanz+C; 


dy eet rdv 
—_ OS /sin Cc es Pie 
Vi-# at Varo p= versin “1 + 0; 


= Rai Us Se =tan "2+ 0; 

D aa ee J jaca BU 
pase = Sais rae Jama gto 
I eS =sin~!y+0C; S Fear 


F uae le Che tee _adu 
ri — 2? a? + u? 


= —1¥ 
= tan are 


Whe cycloid.—lIf a circle be rolled along a straight line, any point of 
the circumference, as P, will describe a curve which is called a cycloid. The - 
circle is called the generating circle, and Pthe generating point. 

The transcendental equation of the cycloid is 


x = ver-sin—? ¥ — ¥2ry — 7, 
and the differential equation is dx = Vary 


pe area of the cycloid is equal to three times the area of the generating 
circle. 

The surface described by the are of a cycloid when revolved about its base 
is equal to 64 thirds of the generating circle. 

The volume of the solid generated by aecolyng a cycloid about its base is 

ual to five eighths of the circumscribing cylinder. 

ntegral caleulus.—In the integral calculus we have to return from 
the differential to the function from which it was derived. A number of 
differential expressions are given above, each of which has a known in- 
tegral corresponding to it, and which being differentiated, will produce the 
given differential. 

In all classes of functions any differential expression may be integrated 
when it is reduced to one of the known forms; and the operations of the 
integral calculus consist mainly in making such transformations of given 
differential expressions as shall reduce them to equivalent ones whose in- 

rals are known. 
‘or methods of making these transformations reference must be made to 
the text-books on differential and integral calculus. 
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8).000754148)| — 1).000718907| 6! .000686813|| 4 “000657462 000630517 
Sronoeso(ei|  2|-000718891}1 7) o00686841|| al oonesrose||  S|-eodeeae 
8)-000753012}| —8).000717875|| 8 o008858vi|| 3 000656598 3 “000639793 
$1 -000752445)) — 4!.000717360)| 9! “o006854011| 4 000656 a tees 
1830) .000751880') 5] .000716846||1460| 000684032) | ‘Oodgnn see llteee oo eeee 
1 aoU71815 6} .000716332/| ~ 4| O00684463|| 6 “00658308 nee “00828886 
-0007507% 7| .000715820|| 35 ’ ne "00068 
3} 000750187) 8] 000715308 3 sDoDeeeess j qed: 3| oooseras 
4/-000749625)| 91 .000714796|| — 4|“oooes3080 9 “0006S 40ey alamo 
5}..000749064|}1400].000714286]| 5) “o006R2504 1580]. eoseealk “oves6n 
&/.000748503)! 1} .000718776l| — @| “oo0gsa19 “doneeeee @| ooosseeee 
7}-000r47948)| 2) oonriaeee | £|-0oesei28 1). 00653168)| 6] 000626 
s}-o00r47364) al oooriersal|  &0ngee1663 3|-000652742|| 7] 000626174 
9}.000746826)/ 410007129511] 91 “oooeso73s “008s isocl| shearer 
1340] ,000746269|] 5 “000711744 1470| 000680272 iicoveaiase : patie 
1/.000745712/| 6] o00711238|| 4 0008798101 ¢ Prmeet heii si 
2 O00745156 7} .000710732|| 2) ‘oogero3as|| 7 vouvecunte | onoeaszat i 
744602}! 8) 00071022711 3) ‘oooerecan : : Sak 
4) .000744048|| 91 ‘oooz0972|| 3) ‘covsresse||  §):000050195|) 6 “0006 
8 ogy t3494)|1410] .000709220'| 5) “ooosee gee lla540) sooo t9778||, 8] 000621890 
6|-o00raxo42l| “in| oopresrrel| “D008; ep9||140| 000649351 ||1610| :000621118 
%.000742390,| 12] 00708915|| -000677048|] 21 ooopsseng | 2]-009620847 
8|-000741840 tal oovrorrial| 2 “DOD ReRS|| —2|-000648508'| 4! Lo00619578 
9/.000741290)| 14} o00707214/| 9 000676132 ve eaS088| 6) 000818812 
1850/.000740741}| 15/ ‘oo0706714|| 1480 000675676]| | “oopavoon {rest | ood 
1/.000740192/! 16] o00706215|| 4 000875219 “OO0G een 1o20 O00eI Tees 
2|.000739645)) 17] .000705716|| 21 ‘ono “| coco tery | 3] 209ez8528 « 
3}-000789098)| 18] 0007052191]  |-oo06rageal|  2f-000846412| 4 ccm 
Sara |g auroras] Sissi 3 | Satis 
i 7111420} ‘0007 ‘0006734 
420! .000704225!! _5/.000673401111550 .000645161! 1630] .000613497 


or, 


RECIPROCALS OF NUMBERS. 85 


; Recipro- Recipro- Recipro- Recipro- Recipro- 
No.l} cal. |NO- Ane No. cal, No.) cal. ||NO-| cal. 

1632) .000612745 |1706| .000586166/|1780) .000561798] |1854| 000539374] |1928] .000518672 

~ 4) .000611995 8} .000585480, 2) 000561167 6| .000538793} |1930) 000518135 

3 6} .000611247 |1710) 000584795 4) .000560538 8} .000538213 2} .000517599 

8} .000610500 | 12}.000584112 6| .000559910} |1860) 000537634 4) .000517063 

1640} .000609756 | 14/.000583430 8} .000559284 2) .000537057 6} .000516528 

2} 000609013 | 16}.000582750]/17 90} 000558659 4| 000536480 8] .000515996 

4| 000608272 | 18].000582072 2) .000558035 6| .000535905'|1940} .000515464 

6] .000607533 |1720) 000581395 4| 000557413 8} .000535332 2} 000514933 

8} .000606796 | —2}.000580720 6} .000556793) | 1870} .000534759 4} .000514403 

1650) . 000606061 4| .000580046 8} .000556174 2) 000534188 6} .000518874 

2| .000605327 6] .000579374| |18 00) .000555556 4] 000533618 8] 000513347 

4| .000604595 8} .000578704 2} 000554939, 6] 000533049) |1950) .000512820 

6} .000603865 |1730) 000578035 4) 000554324 8} .000532481 2} 000512295 

8} 000603136 2} .000577367 6} 000553710 | 1880) .000531915 4) .000511770 

1660) .000602410 4} 000576701 8} .000553097 2)'.000531350) 6} 000511247 

2} .000601685 6] .000576037/|/18 10) .000552486 4| 000530785 8) .000510725 

4! .000600962 8] .000575374|| 12|.000551876 6}. 000530222) |1$60} .000510204 

6} .000600240 |1'740) .000574713 14] 000551268 8] .000529661 2} 000509684 

8} .000599520 2} .000574053 16) .000550661) | 18 90} .000529100 4) .000509165 

1670| .000598802 4|.000573394|} 18) .000550055 2} 000528541 6] .000508647 

2} 000598086 6} .000572737||18 20) .000549451 4} .000527983 8} .000508130 

4] .000597371 8] .000572082 2) 000548848, 6} 000527426) |1970} 000507614 

6) .000596658 |1750}. 000571429 4| 000548246, 8} .000526870)| 2} .000507099 

8) .000595947,| 2).000570776 6} .000547645!/19 00).000526316 4} .000506585 

1680] .000595238 4] 000570125 8} 000547046 2|.000525762;| — 6/ 000506073 

2} .000594530. 6} 000569476] |18 80) 000546448 4) .000525210 8} .000505561 

4} 000593824 | 8).000568828 2) .000545851 6] .000524659| | 1980) 000505051 

+ 6}.000593120 |1760] .000568182 4} .000545256 8} .000524109 2} 000504541 

8 -000592417, 2} .000567537 6| .000544662,)|19 10} 000523560, 4} .000504032 

1690 000591716 4] .000566893 8] .000544069)| 12) .000523012 6] .000508524 

2|.000591017\| 6} .000566251}|18.40).000543478|| 14] .000522466 8} .000503018 

4| .000590319 8} .000565611 2} .000542888, 16} .000521920) | 1990] .000502513 

6| .000589622 |1770} 000564972 4) .000542299)| 18) .000521376 2} 000502008 

8] .000588928 2] .000564334 6} .000541711}|1920/ .000520833 4} 000501504 

1700} .000588235 4| 000563698, 8) 000541125 2} .000520291 6} .000501002 

2) 000587544 6| .000563063}|1 850 .000540540 4) 000519750 8} 000500501 

4} 000586854 8] .000562430 2) .000589957 6} .000519211!|2000]. 000500000 


Use of reciprocals,—Reciprocals may be conveniently used to facili- 
tate computations in long division, Instead of dividing as usual, multiply 
the dividend by the reciprocal of the divisor. The method is especially 
useful when many different dividends are required to be divided by the 
same divisor. In this ease find the reciprocal of the divisor, and make a 
small table of its multiples up to 9 times, and use this as a multiplication- 
table instead of actually performing the multiplication in each case. 

ExamMPLe.—9871 and several other numbers are to be divided by 1638. The 
reciprocal of 1638 is .000610500, 


Multiples of the 
reciprocal: 


3 105 The table of multiples is made by continuous addition _ 
2. .0012210 of 6105. The tenth line is written to check the accuracy 
8. .0018315 of the addition, but it is not afterwards used, 
4, 0024420 Operation; 
5. .0030525 Dividend 9871 
6. .0036630 Take from table 1........ - 0006105 
7. 0042735 as + 0.042735 
8. .0048840 8. - 00.48840 
9. .0054945 9. --» 005.4945 
10, .0061050 ——_-—— 
Quotient....... 6.0262455 
Correct quotient by direct division........ 60262515 


The result will generally be correct to as many figures as there are signifl- 
cant figures in the reciprocal, less one, and the error of the next figure will in 
general not exceed one, In the above example the reciprocal has six sig 
nificant figures, 610500, and the result is correct to five places of figures. 
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SQUARES, CUBES, SQUARE ROOTS AND CUBE 
ROOTS OF NUMBERS FROM .1 TO 1600. 


. | Cube 
No. |Square.| Cube, ys a Root, | No: |Square.| Cube. Bot. Root. 
A 01 001 -3162 | .4642 93.1 9.61 29.791 1.761 1.458 
16 0225 0034 | .387 5313 «2 | 10.24 32.768 |1.789 |1.474 
we 04 008 -4472 | .5848 -3 | 10.89 35.937 [1.817 |1.489 
«25)  .0625 0156 | .500 6300 # .4 | 11.56 39.304 |1.844 [1.504 
3 09 027 5477 | .6694 -5 | 12.25 42.87: 1.871 1.518 
-80|  .1225 0429 | .5916 | .7047 -6 | 12.96 46.656 1.897 |1.533 
4 16 064 -6325 | . 7368 -T | 13.69 50.653 |1.924 |1.547) 
+45). 2025 0911 | .6708 | . 7663 -8 | 14.44 54.872 |1.949 /1.560 
5 125 07 (987 9°) 15-21 59.319 /1.975 |1.574 
+55] .3025 +1664 | .7416 | .8193 74. | 16 4 1.5874 
6 36 216 - 7746 | .8434 -1 | 16.81 68.921 12.025 11.601 
-65)  .4225 2746 | .8062 | .8662 +2 | 17.64 74.088 |2.049 /1.618 
“it 49 343 8367 | . 887 -3 | 18.49 79.507 |2.074 |1.626 
+75)  .5625 4219 | .8660 | .9086 -4 | 19.36 85.184 }2.098 /1.639 
8 64 512 8944 | .9283 § .5 | 20.25 91.125 |2.121  |1.651 
85] .'7225 6141 | .9219 | .94738 | .6 | 21.16 97.336 /2.145 11.663 
a) 81 729 «9487 | .9655 -7 | 22.09 | 103.828 [2.168 |1.675 
+95) .9025 8574 | .9747 | .9830 «8 | 23.04 | 110.592 |2.191 11.687 
tA is Be 1. 1 -9 | 24.01 | 117.649 |2.214 11.6! 
1.05} 1.1025 1.158 {1.025 [1.016 95. | 25 125, 2.2361 |1.7100 
Sealue| beet 1,331 |1.049 |1.032 1 | 26.01 132,651, |2.258 |1.721 
1.15] 1.3225 1.521 |1.072 |1.048 2 | 27.04 | 140.608 |2.280 |1.732 
1.2 | 1.44 1.728 |1.095 |1.063 3 | 28.09 148.877 |2.302 |1.744 
1,25) 1.5625 1.953 |1.118 [1.077 4 | 29.16 | 157.464 12.824 |1.'754 
1.3 | 1.69 2.197 |1.140 1.091 5 | 80.25 166.3875 |2.3845 11.765 
1.35] 1.822! 2.460 {1.162 |1.105 6 | 31.36 | 175.616 |2.366 |1.776 
1.4 | 1.96 2.744 (1.183 11.119 7 | 82.49 | 185.1938 |2.387 |1.786 
1.45) 2.1025 3.049 {1.204 1.132 8 | 33.64 | 195.112 |2.408 11.797. 
1.5 | 2.25 8.375 11.2247 11.1447 «9 | 84.81 205.879 |2.429. 11.807 
1.55] 2.4025 8.724 11.245 |1.157 6. | 36. 216. 2.4495 |1.8171 
1.6 | 2.56 4.096 |1.265 {1.170 «1 | 87.21 | 226.981 12.470 |1.827 
1.65) 2.7225 4.492 1.285 11.182 2 | 88.44 | 238.328 |2.490 11.837 
1.7 | 2.89 4.918 1.304 |1.193 -8 | 89.69 | 250.047 |2.510 11.847 
1.75} 3.0625 5.359 1.323 /1.205 +4 | 40.96 | 262.144 “2.5380 1.857 
1.8 | 3.24 5.8382 |1.842 |1.216 -5 | 42.25 | 274.625 [2.550 11.866 
1.85} 3.4225 6.332 1.360 [1,22 +6 | 43.56 | 287.496 |2.569 |1.876 
1.9 | 3.61 6.859 1.878 |1.239 -7 | 44.89 | 300.763 [2.588 11.885 
1.95) 3.8025 7.415 |1.3896 |1.249 -8 | 46.24 | 314.432 [2.608 11.895 
214. 8. 1.4142 |1.2509 | 9 | 47.61 | 398.509 \2l6e7 |1-904 
-1 | 4.41 9.261 |1.449 [1.281 fy. | 49. 843. 2.6458 |1.9129 
2 | 4.84 | 10.648 |1.483 [1.301 | .1 | 50.41 | a5v.911 |I2.665. {1.992 
‘8/529 | 12.167 |1517 [1.320 | [2 | 51:84 | s73'o4g loess \qcomt 
“$8.76 | 18.824 |1.549 [1.339 | 73 | 53:99 | 389.017 lo-von lt e00 
‘5 | 6.25 | 15.625 |1.581 1.357 [4 | 54°76 | 405.204 |o°490 IL o4p 
6) 6.76 | 17.576 [1-612 |1.875 } 75 | 56.25 | azt'ars lacvey (ieee 
Z| 7-29 | 19.683 |1.643 [1.892 | 6 | 57.76 | ase.ov6. lo.757 |1.986 
‘8 | 7-84 | 21.952 [1.673 |1.409 | 7 | 59:29 | 456'583 lpives [tgee 
9) 8.41 | 24.389 [1.703 [1.426 1 8 | 60.84 | aza's5y |o'nga |tem 
Bc l"9. 27. |1.7821 |1.4422 | 9 | 62:41 | 43.039 (28 ligee 
a as aaron ere Ses, Peres 


SQUARES, CUBES, SQUARE 


J 
No, |Square. 


t 


8. 


Dow or iA cote 
2 
2 
& 


DORaD Awe” 
s 
R 


Cube. 


512. 


581.441|2. 


551.368 


571. 787(2. 
592.7042. 


614. 1252.91 


636 .056 
658.503 
681.472 
704.969 


729. 

758,571 
778.688 
804.357 
830.584 


857.375 
884.736 
912.673 
941.192 


970.299)3. 


Sq. | Cube 


Root. | Root. No. 


2.983 2.072 54 
8, 2.0801 § 55 
8.017 2.088 56 
3.033 |2.095 57 
3.050 |2.103 58 
3.066 {2.110 59 
3.082 |2.118 60 
3.098 2.125 61 
3.114 |2.138 62 
3.130 {2.140 63 


4.3589 |2.6684 § 74 
4.4721 |2.7144 9 75 
4.5826 |2.7589 9 7 
4.6904 |2.8020 | 77 
4.7958 |2.8439 f 78 
4.8990 |2.8845 f 79 
5. 2.9240 # 80 
5.0990 |2.9625 9 81 
5.1962 |3. 2 


AND CUBE‘ROOTS. 


Square.| Cube. 


110592 
117649 


125000. 


182651 
140608 
148877 
157464 


421875 
438976 
456533 
474552 
493039 


512000 
531441 
551368 
571787 
592704 


941192 
970299 


Sq. 


coy 


Cube 


Root. | Root. 


-6158 
-6811 


9.1104 
9.1652 


9.2195 
9.27 

9.3276 
93808 
9.4340 


9.4868 


9.9499 
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Sq. | Cube Sq. | Cube 
No, |Square.| Cube. | R6¢¢, | Root, | NO: |Sauare-| Cube. Rove. Hoot, 
100 | 10000 | 1000000 |10. 4.64169 155 | 24025 | 8723875 12.4499] 5.3717 


JO1 | 10201 | 1030801 |10.0499] 4.65709156 | 243836 | 3796416 |12.4900| 5.3832 
102 | 10404 | 1061208 |10.0995} 4.67239 157 | 24649 | 3869893 |12.5800| 5.3947 
103 | 10609 | 1092727 |10.1489] 4.68759.158 | 24964 | 3944312 |12.5698] 5.4061 
104 | 10816 | 1124864 10.1980) 4.70279 159 | 25281 | 4019679 |12.6095) 5.4175 


105 | 11025 | 1157625 |10.2470) 4.7177 9160 | 25600 | 4096000 |12.6491) 5.4288 
106 | 11236 | 1191016 |10.2956| 4.73269 161 | 25921 | 4173281 |12.6886) 5.4401 
107 | 11449 | 1225043 |10.3441) 4.7475 9162 | 26244 | 4251528 |12.7279) 5 4514 
108 | 11664 | 1259712 |10.3923) 4.76229 163 | 26569 | 4330747 |12.7671) 5.4626 
109 | 11881 | 1295029 |10.4403) 4.77699} 164 | 26896 | 4410944 |12.8062) 3.4737 


110 | 12100 | 1331000 |10.4881) 4.79149 165 | 27225 | 4492125 |12.8452) 5.4848 
111 | 12821 | 1367631 |10.5357| 4.80599 166 | 27556 | 4574296 |12.8841| 5.4959 
112 | 12544 | 1404928 10.5830) 4.8203] 167 | 27889 | 4657463 |12.9228) 5.5069 
113 | 12769 | 1442897 /10.6301| 4.83469 168 | 28224 | 4741632 12.9615) 5.5178 
114 | 12996 | 1481544 /10.6771| 4.8488 169 | 28561 | 4826809 {13.0000} 5.5288 


115 | 18225 | 1520875 |10.7238} 4.86299170 | 28900 | 4913000 |13.0384) 5.5397) 
116 | 13456 | 1560896. {10,7703} 4.8770 9.171 | 29241 | 5000211 |13.0767| 5.5505 
117 | 13689 | 1601613 10.8167] 4.8910}. 172 | 29584 | 5088448 |13.1149] 5.5613 
118 | 13924 | 1643032 |10.8628) 4.90499178 | 20929 | 5177717 13.1529) 5.5721 
119 | 14161 | 1685159 {10.9087} 4.9187 }174 | 30271 5268024 |13.1909] 5.5828) 


120 | 14400 | 1728000 |10.9545) 4.9324 9175 | 80625 | 5359375 |13.2288] 5.5934 
121 | 14641 | 1771561 -}11.0000) 4.9461} 176 | 380976 | 5451776 |13.2665) 5.6041 
122 | 14884 | 1815848 |11.0454) 4.9597 9}177 | 31329 | 5545233 |13.3041) 5.6147 
123 | 15129 | 1860867 |11.0905) 4.973829178 | 31684 | 5639752 |13.3417| 5.6252 
124 | 15376 | 1906624 |11.1855) 4.9866 9.179 | 32041 | 5735839 |13.3791] 5.6357 


125 | 15625 | 1953125 |11.1803) 5.0000 180 | 32400 | 5832000 |13.4164] 5.6462 
126 | 15876 | 20003876 {11.2250} 5.0133 9181 | 32761 | 5929741 |13.4536) 5.6567 
127 | 16129 | 2048383 |11.2694} 5.02659182 | 33124 | 6028568 13.4907] 5.6671 
128 | 163884 | 2097152 |11.31387). 5.03979 183 | 338489 | 6128487 13.5277] 5.6774 
129 | 16641 | 2146689 {11.8578} 5.05289 184 | 33856 | 6229504 |13.5647| 5.6877 


1380 | 16900 | 2197000 |11.4018| 5.06589 185 | 34225 | 6331625 |13.6015) 5.6980 
131 | 17161 | 2248091 11.4455} 5.0788 9186 | 34596 | 6434856 |13.6382] 5.7083 
132 | 17424 | 2299968 |11.4891| 5.09169 187 | 34969 | 6539203 |13.6748) 5.7185 
133 | 17689 | 2352637 |11.5326) 5.10459 188 | 35344 | 6644672. |13.7113) 5. 7287 
134 | 17956 | 2406104 |11.5758/ 5.11729 189 | 35721 | 6751269 |13.7477) 5.7388 


135 | 18225 | 2460375 |11.6190) 5.12999190 | 36100 | 6859000 |13.7840) 5.7489 
136 | 18496 | 2515456 |11.6619) 5.14269191 | 36481 | 6967871 |13.8203) 5.7590 
137 | 18769 | 2571353 11.7047} 5.1551 9192 | 36864. | 7077888 13.8564) 5.7 

188 | 19044 | 2628072 |11.7473) 5.1676 9198 | 37249 | 7189057 |13.8924| 5.7790 
139 | 19821 | 2685619 11.7898) 5.18019 194 | 87636 | 7301384 |13.9284] 5.7890 


140 | 19600 | 2744000 |11.8322) 5.19259195 | 38025 | 7414875 |18.9642] 5.7989 
141 | 19881 | 2803221 |11.8743) 5.20489196 | 38416 | 7529536 {14.0000 
142 | 20164 | 2863288 |11.9164) 5.21719197 | 88809 | 7645378 14.0357 
143 | 20449 | 2924207 |11.9583) 5.22939198 | 39204 | 7762392 |14.0712 
144 | 20786 | 2985984 /12.0000) 5.24159199 | 39601 | 7880599 |14.1067 


5 

5 

5 

5 

145 | 21025 | 3048625 /12.0416} 5.2536 200 | 40000 | 8000000 |14.1421) 5 

146 | 21316 | 3112136 |12,0830) 5.2656 9201 | 40401 | 8120601 [14.1774] 5 

147 | 21609 | 3176523 /12.1244] 5.2776 § 202 | 40804 | 8242408 |14.2127] 5. 
148 | 21904 | 3241792 /12.1655/ 5.2896} 203 | 41209 | 8365427 |14.2478] 5.8771 

5 

5 

5 

5 

5 

6 


149 | 22201 | 3307949 12.2066} 5.38015} 204 | 41616 | 8489664 |14.2829) 


150 | 22500 | 3375000 |12.2474| 5.3133} 205 | 42025 | 8615125 |14.3178 
3442951 |12.2882| 5.3251} 206 | 42436 | 8741816 114.3527 

152 | 23104 | 3511808 [12,3288] 5.33689 207 | 42849 | 8869743 |14.3875 
153 | 23409 | 3581577 112.3693) 5.3485 208 | 43264 | 8998912 |14.4222) 
fs 3652264 112.4097! 5. 9129329 114.4568 


Cube, | 54, | Cube 


- (Square. Root. | Root. 


9261000 |14.4914 
9393931 |14.5258) 5. 
9528128 |14.5602 
9663597 |14.5945 
9800344 {14.6287 


9938375 |14.6629 
10077696 |14.6969 
10218313 |14.7209 
10360232 |14.7648 
10503459 |14.7986 


10648000 |14.9324 
10793861 {14.8661 
10941048 |14.8997 
11089567 |14.9332 
11239424 |14.9666 


11390625 {15.0000 
11543176 |15.0333 
11697083 |15.0665 
11852352 |15.0997 
12008989 |15.1327 


12167000 {15.1658 
12326391 |15.1987 
12487168 | 15.2315 
12649337 |15.2643 
12812904 [15.2971 


12977875 |15.3297 
13144256 |15.3623 
13312053 |15 3948 
13481272 |15.427 

13651919 15.4596 


13824000 |15.4919 
13997521 [15,5242 
14172488 |15.5563 
14348907 |15.5885 
14526784 |15. 6205) 


14706125 }15.6525 
14886936 [15.6844 
15069223 |15.7162 
15252992 |15.7480 
15438249 |15.7797 


15625000 |15.8114 
15813251 |15,8430 
16003008 |13.8745 
16194277 |15.9060; 
16887064 |15.9374 


16581375 |15.9687 
16777216 |16.0000 
16974593 |16.0312 
17173512 16.0624 
17873979 |16.0935 


17576000 |16.1245) 6. 99225 | 31255875 
17779581 |16.1555} 6.3 a 99856 | 31554496 
17984728 |16.1864| 6. B 100489 | 31855013 
18191447 |16.2173) 6. 101124 | 82157432 
18399744 |16.2481| 6. b 101761 | 382461759 


70225 | 18609625 |16.2788] 6.4232 
70756 | 18821096 |16.3095| 6.4312 
71X89 | 19034163 |16.3401) 6.4393 
71824 |} 192488382 |16.8707| 6.4473 
72361 | 19465109 |16.4012| 6.4553 


72900 | 19683000 }16 4817] 6.4633 
73441 19902511 |16.4621} 6.4718 
73984 | 201238648 |16.4924) 6.4792 
G4529 | 20346417 |16.5227) 6.4872 
75076 | 20570824 |16.5529) 6.4951 - 


75625 | 20796875 |16.583!) 6.50380 
76176 | 21024576 |16.6132) 6.5108 
T6729 | 21253933 |16. 6433) 6.5187 
77284 | 21484952 16.6733) 6.5265 
77841 | 21717639 |16.7033) 6.5343 


78400 | 21952000 |16.7332| 6.5421 
78961 | 22188041 |16.7631| 6.5499 
79524 | 22425768 |16.7929| 6.5577 
80089 | 22665187 |16.8226] 6.5654 
80656 | 22906304 |16.8523] 6.5731 


81225 | 23149125 |16.8819) 6.5808 
81796 | 23393656 |16.9115) 6.5885 
$2369 | 23639903 |16.9411] 6.5962 
82944 | 23887872 |16.9706] 6.6039 
83521 | 24137569 |17.0000] 6.6115 


84100 | 24389000 |17.0294) 6.6191 
84681 | 24642171 {17.0587} 6.6267 
85264 | 24897088 |17.0880] 6.6343 
85849 | 251538757 |17.1172] 6.6419 
86436 | 25412184 |17.1464| 6.6494 


87025 | 25672375 |17.1756) 6.6569 
87616 | 25984336 |17.2047) 6.6644 
88209 | 26198073 |17.2337| 6.6719 
88804 | 26463592 |17.2627) 6.6794 
89401 | 26730899 |17.2916) 6.6869 


90000 | 27000000 |17.3205) 6.6943 
90601 | 27270901 |17.3494) 6.7018 
91204 | 27543608 |17.3781| 6.7092 
91809 | 27818127 |17.4069) 6.7166 
92416 | 28094464 |17 4356) 6.7240 


93025 | 28272625 |17.4642| 6.7313 
93636 | 28652616 |17.4929| 6.7387 
94249 | 28934443 = 
94864 | 29218112 
95481 | 29503629 
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No. |Square.| Cube Eee ube No. |Square.| Cube Ee ene. 

320 | 102400 | 82768000 /17.8885| 6.83999 875 | 140625 | 52734375 |19.3649) 7.2112 
321 | 103041 | 38076161 |17.9165| 6.8470 $376 | 141376 | 53157376 |19.3907| 7.2177 
322 | 1038684 | 33386248 |17.9444| 6.8541 142129 | 53582683 |19.4165) 7.2240 
323 | 104329 | 33698267 |17.9722| 6.8612] 378 | 142884 | 54010152 |19.4422| 7.2304 

324 | 104976 | 34012224 /18.0000] 6.8683 9379 | 143641 | 54439939 |19.4679) 7.2368 
825 | 105625 | 34828125 [18.0278] 6.87539380 | 144400 | 54872000 |19.4936} 7.2432 
326 | 106276 | 34645976 |18.0555) 6.8824 ]9}381 | 145161 | 55306341 19.5192) 7.2495 

827 | 106929 | 34965783 |18.0831) 6.8894 9382 | 145924 | 55742968 /19.5448) 7.2558 
828 | 107584 | 35287552 |18.1108] 6.89649 383 | 146689 | 56181887 |19.5704) 7.2622 
329 | 108241 | 35611289 |18.1384| 6.9034 }384 | 147456 | 56623104 |19.5959) 7.2685 

830 | 108900 | 35937000 [18.1659] 6.91049385 | 148225 | 57066625 |19.6214) 7.2748 
831 | 109561 | 36264691 |18.1934) 6.9174 9386 | 148996 | 57512456 |19.6469) 7.2811 

B32 | 110224 | 36594368 |18.2209| 6.92449 387 | 149769 | 57960603 |19.6723) 7.2874 
383 | 110889 | 36926037 |18.2483) 6.9313 9388 | 150544 | 58411072 |19.6977| 7.2936 
334 | 111556 | 37259704 /18.2757) 6.9382 9389 | 151321 | 58863869 |19.7231) 7.2999 
335 | 112225 | 37595375 |18.3030) 6.9451 390 | 152100 | 59319000 |19.7484| 7.3061 

836 | 112896 | 37933056 |18.3303) 6.9521 9391 | 152881 | 59776471 |19.7737) 7.3124 
337 | 118569 | 38272753 |18.3576} 6.95899 392 | 153664 | 60236288 [19.7990 7.3186 
338 | 114244 | 38614472 |18.3848) 6.96589393 | 154449 | 60698457 |19.8242) 7.3248 
339 | 114921 | 38958219 |18.4120) 6.9727 9394 | 155236 | 61162984 |19.8494) 7.3310 
340 | 115600 | 39304000 18.4391) 6.9795 9395 | 156025 | 61629875 |19.8746) 7.3372 
341 | 116281 | 39651821 |18.4662| 6.9864 9396 | 156816 | 62099136 |19.8997) 7.3434 
342 | 116964 | 40001688 |18.4932) 6 99329397 | 157609 | 62570773 |19.9249) 7.3496 
343 | 117649 | 40353607 |18.5203) 7.0000 9398 | 158404 | 63044792 |19.9499] 7.3558 
344 | 118336 | 40707584 |18.5472| 7.00687399 | 159201 | 63521199 |19.9750] 7.3619 
845 | 119025 | 41063625 |18.5742) 7.0136] 400 | 160000 | 64000000 |20 0000} 7.3681 
346 | 119716 | 41421736 |18.6011| 7.02039 .401 | 160801 | 64481201 |20.0250) 7.3742 
347 | 120409 | 41781923 |18.6279] 7.0271} 402 | 161604 | 64964808 |20.0499) 7.3803 
348 | 121104 | 42144192 |18 7.0338 $403 | 162409 | 65450827 |20.0749) 7.3864 
349 | 121801 549 118.6815) 7.0406 $404 | 163216 | 65939264 |20.0998) 7.3925 
850 | 122500 | 42875000 |18.7083| 7.0473 9405 | 164025 | 66430125 |20.1246}) 7.3986 
851 | 128201 | 43243551 |18.7850) 7.05409 406 | 164836 | 66923416 |20.1494) 7.4047 
852 | 123904 | 43614208 |18.7617) 7.06079 407 | 165649 | 67419143 |20.1742) 7.4108 
353 | 124609 | 43986977 |18.7883) 7.0674 9.408 | 166464 | 67917312 |20.1990) 7.4169 
354 | 125316 | 44361864 |18.8149) 7.0740 9409 | 167281 | 68417929 |20.2237| 7.4229 
855 | 126025 | 44788875 |18.8414) 7.08079410 | 168100 | 68921000 /20.2485] 7.4290 
856 | 126736 | 45118016 |18 7.0873 §411 | 168921 | 69426531 |20.2731| 7.4350- 
857 | 127449 | 45499293 |18.8944) 7.09409 412 | 169744 | 69934528 |20.2978| 7.4410 
858 | 128164 | 45882712 |18 9209] 7.10069 413 | 170569 | 70444997 |20.3224) 7.4470 
359 | 128881 | 46268279 |18.9473) 7.10729 414 | 171396 | 70957944 |20.3470] 7.4530 
360 | 129600 | 46656000 |18.9737) 7.11388 9415 | 172225 | 71478375 |20.3715) 7.4590, 
361 | 130821 | 47045881 |19.0000| 7.1204§ 416 | 178056 | 71991296 |20.3961) 7.4650 
362 | 131044 | 47437928 |19.0263) 7.12699.417 | 173889 | 72511713 |20.4206) 7.4710 
363 | 131769 | 47832147 |19 0526) 7.13835 9418 | 174724 | 73034632 |20.4450) 7.4770 
364 | 132496 19.0788) 7.1 419 | 175561 | 73560059 120.4695) 7.4829 
865 | 183225 | 48627125 |19.1050| 7.1466 | 420 | 176400 | 74088000 |20.4939) 7.4889 
366 | 133956 | 49027896 |19.1311| 7.15381 §421 | 177241 | 74618461 |20.5183) 7.4948 
367 | 134689 | 4: 19.1572] 7.1596} 422 | 178084 | 75151448 |20.5426] 7.5007 
368 | 135424 | 49836032 |19.1833| 7.1661} 423 | 178929 | 75686967 |20.5670) 7.5067 
369 | 186161 | 50243409 |19.2094| 7.17269 424 | 179776 | 76225024 |20.5913) 7.5126 
870 | 136900 | 50653000 |19.2354) 7.1791 }425 | 180625 | 76765625 |20.6155| 7.5185 
871 | 137641 | 51064811 |19.2614) 7.1855] 426 | 181476 | 77308776 |20.6398) 7.5244 
872 | 1 51478848 |19.2873) 7.19209 427 | 182329 | 77854483 [20. 7.5302 
373 | 139129 | 51895117 |19.3132| 7.1984} 428 | 183184 | 78402752 |20.6882) 7.5361 

374 | 139876 | 52313624 |19.3391! 7.20489 429 | 184041 | 78953589 120.7123! 7.5420 
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“MATHEMATICAL TABLES, 


. (Square. 


291600 
292681 
293764 
294849 
295936 


297025 
298116 


316969 


334084 
335241 


336400 
3387561 
338724 
339889 
341056 


342225 
243396 


Cube, 


157464000 


158340421 
159220088 
160103007 
160989184 


161878625 
162771836 
163667323 
164566592 
165469149 


166375000 
167284151 
168196608 
169112377 
170031464 


170953875 
171879616 
172808693 
173741112 
174676879 


175616000 
176558481 
177504328 
178453547 
179406144 


180362125 
181321496 
182284263 
183250432 
184220009 


185193000 
186169411 
187149248 
188132517 
189119224 


190109375 
191102976 
192100033 
193100552 
194104539 


195112000 
196122941 
197137368 
198155287 
199176704 


200201625 
201230056 


569 |202262003 


344) 
345744 
846921 


348100 
349281 
850464 
851649 
852836 


203297472 


204336469 


205379000 
206425071 
207474688 
208527857 
209584584 


Sq. 
Root. 


23.2379 
23.2594 
23.2809 
28.8024 
23.3238 


23.3452 
23.3666 
23.3880; 
23.4094 
23.4307 


23.4521 
23.4734 
23.4947 
23.5160) 
23.5372 


23.5584 
23.5797 
23.6008 
23.6220 
28.6432 


28,6643 
23.6854 
23.7065 
23. 727 
23.7487 


23.7697 
28.7908 
23.8118 
28 . 8328 
23.8537, 


28.8747 
23, 8956 
23.9165 
23.9374 
28.9583 


23.9792 
24.0000 
24.0208 
24.0416 


24.0624)" 


24,0832 
24.1089 
24.1247 
24.1454 
24,1661 


24.1868 
24. 2074 
24.2281 
24 2487 
24.2693 


24 .2899 
24 3105 
24.3311 


24.3516 
24.3721 


Cube 
Root. 


8.1433 


. (Square. 


Cube. 


Sq. 
Root. 


854025 
355216 
356409 
357604 
358801 


360000 
361201 
362404 
363609 
364816 


366025 
367236 
868449 
369664 
370881 


372100 
373321 
374544 
375769 
376996 


378225 
379456 
380689 
381924 
383161 


884400 
385641 
386884 
888129 
389376 


890625 


395641 


396900 
898161 
399424 
400689 
401956 


403225 
404496 
405769 
407044 
408321 


409600 
410881 
412164 
413449 
414736 


416025 
417316 
418609 
419904 
421201 


210644875 
211708736 
212776173 
213847192 
214921799 


216000000 
217081801 
218167208 
219256227 
2203848864 


221445125 
222545016 
223648543 
224755712 
225866529 


226981000 
228099131 
229220928 
280346397 
231476544 


232608375 


236029032 
237176659 


238328000 
239483061 
240641848 
241804367 
242970624 


244140625 


§ (245814376 


246491883 
247673152 
248858189 


250047000 
251239591 
252435968 
253636137 
254840104 


256047875 
257259456 
258474853 
259694072 
260917119 


262144000 
263374721 
264609288 
265847707 
267089984 


268336125 
269586136 


270840028 |: 


272097792 


1273359449 


24.3926, 
24.4131 
24.4336 
24.4540 
24.4745 


24.4949 
24.5158 
24.5857 
24.5561 
24.5764 


24 5967 
24.6171 
24.6374 
24.6577 
24.677 


24. 6982 
24.7184 
24 7386 
24.7588 
24.7790 


24.7992 
24.8193 
24.8395 
24.8596 
24.8797 


24.8998 
24.9199 
24.9399 
24.9600 
24.9800 


25.0000 
25.0200 
25.0400 
25.0599 
25.0799 


25.0998 
25.1197) 
25.1396 
25.1595 
25.1704 


25.1992 
25.2190 
25.2389 
25.2587) 
25.2784 


25 2982: 
25.3180 
25.8377 
25. 8574 
25.8772 


25.4755 


8.5952" 
8.5997 
8.6043 
8.6088 
8.6132 


8. 61"7 


585 
8.6579 


SQUARES, CUBES, SQUARE AND CUBE ROOTS. 


93 


Cube, 


426409 
427716 


429025 
430336 
431649 
432964 
434281 


435600 
436921 
438244 
439569 
440896 


442225 
443556 
444889 
446224 
447561 


448900 
450241 
451584 
452929 
454276 


455625 


461041 


462400 
463761 
465124 
466489 
467856 


469225 
470596 
471969 
473344 
474721 


495616 


274625000 


“1275894451 


277167808 
278445077 
219726264 


281011375 
282300416 
283593393 
284890312 
286191179 


287496000 
288804781 


292754944 


294079625 
295408296 
296740963 
298077632 
299418309 


300763000 
302111711 
303464448 
304821217 
306182024 


307516875 
308915776 
310288733 
311665752 
318046839 


314432000 
315821241 
317214568 
318611987 
320013504 


321419125 
322828856 
324242703 
325660672 
327082769 


828509000 
329939371 
331373888 
332812557 


334255384 


335702375 
337153536 
338608873 
340068392 
341532099 


90000 |343000000 


344472101 
345948408 
347428927 


348913664 


290117628. 
291434247: 


25.4951 
25.5147 
25.5343) 
25.5539 
25.5734 


25.5930 
25.6125 
25.6320) 
25.6515) 
25.6710 


25.6905 
25.7099 
25 7294 
25.7488 
25.7682 


25.7876 
25.8070 
25.8263 
25.8457 
25.8650) 


25.8844) 
25.9037 
25.9230 
25.9422 
25.9615 


25,9808 
26.0000: 
26,0192) 
26.0384 
26.0576 


26.0768, 
26.0960) 
26.1151 
26,1343) 
26.1534) 


26.1725 
26.1916 
26.2107; 
26 2298 
26.2488 


26.2679 
26.2869) 
26.3059 
26.3249 
26.3489 


26.3629 
26.3818 
26.4008 
26.4197 
26.4386 


26.4575 
26.4764 
26.4953, 
26.5141 
26.5330 


No. |Square. 


705 | 497025 
706 | 498436 
707 | 499849 
708 | 501264 
709 | 502681 


4710 | 504100 
711 | 505521 
712 | 506944 
713 | 508369 
714 | 509796 


715 | 511225 
716 | 512656 


719 | 516961 


720 | 518400 
721 | 519841 
722 | 521284 
723 | 522729 
724 | 524176 


725 | 525625 
726 | 527076 
727 | 528529 
728 | 529984 
729 | 531441 


730 | 582900 
731 | 534361 
732 | 535824 
733 | 587289 
784 | 588756 


735 | 540225 
736 | 541696 
737 | 543169 
738 | 544644 
739 | 546121 


740 | 547600 


743 | 552049 
744 | 553536 


745 | 555025 
746 | 556516 
TAT | 558009 
748 | 559504 
749 | 561001 


8 
759 576081 


Cube. 


350402625 
351895816 
358393243 
354894912 
356400829 


357911000 
359425431 
360944128 
362467097 
363994344 


365525875 
367061696 


:|868601813 


870146232 
371694959 


373248000 
374805361 
376367048 
377983067 
379503424 


881078125 
382657176 
384240583 
885828352 
887420489 


889017000 
390617891 
392223168 
393832837 
395446904 


397065375 
398688256 
400315553 
401947272 
403583419 


405224000 
406869021 
408518488 
410172407 
411830784 


413493625 
415160936 |2 
416832723 
418508992 
420189749 


421875000 
423564751 
425259008 
426957777 
428661064 


430368875 
432081216 


433798093 
435519512 
AB 7RABATS 


tS 
Root. 


26.5518 
26.5707) 
26.5895 
26.6083 
26.6271 


26.6458 
26.6646 
26.6833 
26.7021 
26.7208 


26.7395 
26. 7582 
26).7769 
26.7955 


26.8142 


26.8328) 
26.8514 
26.8701 
26.8887 
26.9072) 


26.9258 


26,9629 
26.9815 


27.0185 


27.0924 


27.1109 
27.1293 
27.1477 
27.1662) 
27.1846 


27.2029 
27.2213 
27.2397) 
27.2580 
27 2764 


27.2947 
7.8180 


27.4408 
27.4591 


27.4773 
27.4955 


26.9444] 8. 


27.5136 


Cube 
Root. 


8.9420 
8.9462 
8.9503 
8.9545 
8.9587 


8.9628 
8.9670 
8.9711 
8.9752 
8.9794 


8.9835 


27,0000) 9.0000 


94 


.| Square. 


577600 
579121 
580644 
582169 
583696 


585225 
586756 


597529 
599076 


600625 
602176 
603729 
605284 
606841 


608400 
609961 
611524 
613089 
614656 


616225 


MATHEMATICAL TABLES, 


ube. 


438976000) 27.5681 
440711081|27 5862 
442450728)27 6043 
444194947)27 6225 
445943744) 27.6405 


447697125) 27 6586 
449455096|27 6767) 
45121766327. 6948 
452984832) 27 . 7128 
454756609) 27.7808 


456533000/27. 7489 
458314011/27 .7669 
460099648/27. 7849 
461829917)27 8029 
463684824 | 27. 


465484375/27 8388 
467288576)27 . 8568 
469097433|27 8747, 
470910952) 27 8927 
472729139) 27.9106 


474552000) 27.9285 
476379541 |27 9464 
478211768) 27.9643 
48004868727. 9821) 
48189030428 .0000 


4837'36625|28.0179, 
48558765628 0357) 
48744340828 0535, 
489303872) 28.0713) 
491169069 28.0891 


493039000) 28.1069 
494913671)28.1247 
496793088) 28 . 1425 
498677257 | 28.1603 
500566184 |28 .1780 


502459875 |28.1957 
504358336) 28 2185 
506261573)28 2312 
50816959228 2489 
510082399) 28. 2666 


512000000)28. 2843 
513922401|28.3019 
515849608|28 3196 
517781627 |28. 3373 
519718464|28 .3549 


521660125|28. 3725 
523606616) 28.3901 
525557943) 28 . 4077’ 
527514112/28 .4253 
529475129) 28 4420 


581441000 28.4605 
533411731|28.4781 
535887328) 28 4956 


Sq. 
Root. 


537367797/28.5132| 9. 3392 
539353144'28 5307: 9.3370 


‘— 


No. |Square. 


Cube. 


§q. 


$$ 


Cube 


Root. | Root. 


664225 
665856 
667489 
669124 
670761 


672400 
674041 
675684 
677329 
678976 


680625 


§) 682276 


683929 
685584 
687241 


688900 
690561 


2; 692224 


693889 
695556 


697225 
698896 
700569 
402244 
703921 


705600 
707281 
708964 
710649 


844 712336 


714025 


729316 


731025 
732736 
734449 
736164 
(87881 


739600 
(41321 
743044 
744769 
746496 


748225 


541343375 
5432388496 
545338513 
547343432 
549353259 


551368000 
553387661 
555412248 
557441767 
559476224 


561515625 
563559976 
565609283 
567663552 
569722789 


571787000 
573856191 
575930368 
578009537, 
580093704 


582182875 
584277056 
586376253 
588480472 
590589719 


592704000 
594823321 
596947688 
599077107, 
601211584 


603851125 
605495736 
607645423 
609800192 
611960049 


614125000; 
616295051 
618470208 
620650477 
622835864 


625026375 
627222016 
629422793 
631628712 
633839779 


636056000 
638277381 
640503928 
642735647) 
644972544 


647214625 
649461896 


28 5482 
28.5657 
28.5832 
28.6007 
28.6182 


28.6356 
28.6531 
28.6705 
28.6880 
28.7054 


28 .7228 
28.7402 
28.7576 
28.7750 
28.7924 


28.8097 
28.8271 


28.8444] 9. 


28.8617 
28.8791 


28.8964 
28.9137 
28.9310 
28.9482 
28.9655 


28 9828 
29.0000 
29.0172 
29.0345 
29.0517) 


29.0689 
29.0861 
29.1033 
29.1204 
29.1376 


29.1548 
29.1719 
29.1890 
29.2062 
29.2233 


29.2404 
29.2575) 
29.2746 
29.2916 
29.8087 


29.8258 
29.3428 
29.3598 
29.3769 
29.3989 


29.4109 
29.4279 


651714363) 29.4449 
653972082|29.4618 
656231909129 .4788) 


9.3408 
9.8447 
9.3485 
9.3523 
9.3561 


9.3599 


9.4912» 
94949, 
9.4986 
9.5023 
9.5060 


9.5097 
9.5134 


SQUARES, CUBES, SQUARE AND CUBE ROOTS. 95 


Square.| Cube. ay pene 


No. Square.| Cube. ne oe No. 


658503000)29.4958) 9. 925] 855625 | 791453125|80.4138| 9.7435 
| 660776311/29.5127| 9. 926) 857476 | 7940227'76|30.4302| 9.7470 
663054848|29.5296) 9.553 927/ 859329 | 796597983|80.4467| 9.7505 
665838617/29.5466) 9. 928] 861184 | 799178752|30.4631] 9.7540 
667627624|29 5635} 9. 929) 863041 | 801765089)30.4795| 9.7575 
669921875/29 5804) 9. 930| 864900 | 804357000,30.4959} 9.7610 
672221376)29 5973) 9. 931) 866761 | 806954491/30.5123| 9.7645 
674526133|29.6142| 9. 932) 868624 | 809557568/30.5287| 9.7680 
676836152|29.6311| 9. 933) 870489 | 812166237|30.5450| 9.7715 
679151439|29. 6479] 9. 934) 872856 | 814780504|30.5614| 9.7750 
681472000'29 6648] 9. 935) 874225 | 817400375|30.5778] 9.7785 
683797841|29.6816] 9. 936) 876096 | 820025856|80.5941| 9.7819 
686128968|29 6985] 9. 937) 877969 | 822656953/80.6105] 9.7854 
688465387 |29.7153} 9. 938; 879844 | 825293672|80.6268] 9.7880 
781456 | 690807104|29.7321| 9. 939} 881721 | 827936019|30.6431] 9.7924 
783225 | 693154125/29.7489) 9. 940) 883600 | 830584000|30.6594] 9.7959 
3} 784996 | 695506456/29.7658) 9.60: 885481 | 833237621|30.6757| 9.7995 
786769 | 697864103/29.7825| 9. ' 942) 887364 | 835896888/30.6920| 9.8028 
788544 | 700227072|29.7993] 9. 889249 | 838561807/80.7083| 9.8063 
790321 | 702595369/29.8161| 9. 891136 | 841232384/30.7246) 9.8097 
792100 | '704969000/29.8329| 9. 893025 | 843908625/30.7409] 9.8132 
793881 | 707347971/29.8496] 9. 62: 894916 | 846590536/30.7571| 9.8167 
795664 | 709732288/29.8664] 9.626: 896809 | 849278123/30.7734| 9.8201 
797449 | 712121957/29.8831| 9.6 , 898704 | 851971392/30.7896] 9.8236 
799236 | 714516984)29.8998| 9. 68¢ , 900601 | 854670349)30.8058] 9.8270 
801025 | 716917375|29.9166) 9. 902500 | 857375000/30.8221) 9.8805 
802816 | 719323136/29.9333) 9.6406 904401 | 860085351/30.8383] 9.8339 
804609 | 721734273/29.9500) 9. 2} 906304 | 862801408/80.8545) 9.8374 
806404 | 724150792/29.9666| 9. ; 908209 | 865523177/380.8707] 9.8408 
808201 | 726572699)/29. 9883 , 910116 | 868250664/30.8869] 9.8443 
810000 | 729000000|30.0000] 9. 5) 912025 | 870988875|/30.9031| 9.8477 
811801 | 731432701/30.0167| 9. | 913936 | 873722816|30.9192] 9.8511 
813604 | 733870808/30.0333] 9. 915849 | 876467493'30.9354] 9.8546 
815409 | 736314327/80.0500) 9. 917764 | 879217912/30.9516] 9.8580 
817216 | 738763264|30.0666| 9.669% 919681 | 881974079/30.9677| 9.8614 
819025 | 741217625|30.0832| 9. 921600 | $84736000}30.9839) 9.8648 
743677416 /30.0998} 9.6765 923521 | 887503681/31.0000) 9.8683 
746142643|30.1164] 9. 2} 925444 | 890277128/31.0161) 9.8717 
74861331 2|30.1330} 9. 927369 | 893056347/31 0322] 9.8751 
751089429|30.1496] 9. 929296 | 895841344/31.0483] 9.8785 
753571000|30.1662} 9. 931225 | 898632125]31.0644| 9.8819 
756058031|30.1828| 9. 933156 | 901428696/31.0805| 9.8854 
758550528) 30.1993] 9.6 935089 | 904231063/31.0966) 9.8888 
761048497|30.2159) 9.7012 937024 | 907039282/31.1127| 9.8922 
763551944)30.2324] 9, 59} 988961 | 909853209/31.1288) 9.8956 
76606087530. 2490] 9. 940900 | 912673000)/31.1448] 9.8990 
768575296|30.2655| 9. 942841 | 915498611/31.1609| 9.9024 - 
771095213}30.2820] 9.715: 944784 | 918330048)31.1769| 9.9058 
j 773620632|30,.2985] 9. 946729 | 921167317/31.1929] 9.9092 
844561 | 776151559/80.3150| 9. 948676 | 924010424/31.2090) 9.9126 
846400 | 778688000}30.8315) 9. 950625 | 926859375] 31.2250) 9.9160 
848241 | 781229961/30.3480] 9. 952576 | 929714176/31.2410) 9.9194 
850084 | 783777448)30.3645| 9.7329 4 954529 | 932574833)/31.2570| 9 9227 
851929 | 786330467|30.3809| 9. 956484 | 935441352/31.2780] 9.9261 


853776 | 788889024/30.3974! 9. 958441 | 938313739'31.2890! 9.9295 


36 


No.|Square. 


MATHEMATICAL TABLES. 


Sq. 
Cube. | poli. 


Cube. 
Root. 


No./Square, 


960400 
962361 
964324 
966289 
968256 


970225 
972196 
974169 
976144 
978121 


1008016 


1010025 
1012036 
1014049 
1016064 
1018081 


1020100 
1022121 
1024144 
1026169 
1028196 


1030225 
1032256 
1034289 
1036324 
1038361 


1040400 
1042441 
1044484 
1046529 
1048576 


1050625 
1052676 
1054729 
1056784 


| 1058841 


1060900 
1062961 
1065024 
1067089 


941192000 
944076141 
946966168 
949862087, 
952768904 


955671625 
958585256 
961504803 
964430272 
967361669 


970299000 
978242271 
976191488 
979146657 
982107784 


985074875 
988047936 
991026978 
994011992) 
997002099 


1000000000 
1003003001 
1006012008 
1009027027 
1012048064 


1015075125 
1018108216 
1021147343 
1024192512 
1027243729 


1030301000 
1033364331 
1036433728 
1039509197 
1042590744 


1045678375 
1048772096 
1051871913 
1054977832 
1058089859 


1061208000 
1064332261 
1067462648 
1070599167 
1073741824 


1076890625 
1080045576 
1083206683 
1086373952 
1089547889 


1092727000 
1095912791 
1099104768)32. 1248 
1102302937|32. 1403 


31.3050 
31.3209 
31.3369 
31. 
381. 


31. 
31. 
31. 
31. 
81. 


31. 
31. 
31. 
31. 
31. 


31. 
31. 
31. 
31. 
31. 


31. 
31. 
31. 
31. 
31. 


31.7017 
31.7175 
31.7 
31. 
31.7648 


31.7805 
31.7962) 
31. 
31. 
31. 


31. 
31. 
31. 
31. 
31. 


81. 
31. 
31. 
31. 
32.0000 


32.0156 
32.0312 
82.0468 
32,0624 
382.0780 


32.0986, 
32.1092 


1069156 


1105507804132. 1559 


9.9598 
9.9632 


10.0000 
10.0033 
10.0067 
10.0100 
10.0133 


10.0166 
10.0200 
10.0233 
10.0266 
10.0299 


10.0832 
10.0365 
10.0398 
10.0431 
10.0465 


10.0498 
10.0581 
10.0563 
10.0596 
10.0629 


10.0662 
10.0695 
10.0728 
10.0761 
10.0794 


10. 0826 


10.0925 
10.0957 


10.0990 
10.1023 
10.1055 
10.1088 
10.1121 


1071225 
1073296 
1075369 
1077444 
1079521 


1081600 
1083681 
1085764 
1087349 
1089936 


1092025 


5} 1094116 


1096209 
1098304 
1100401 


1102500 
1104601 
1106704 
1108809 
1110916 


1113025 
1115136 
1117249 
1119364 
1121481 


1123600 
1125721 
1127844 
1129969 
1182096 


1134225 
1186356 
1138489 
1140624 
1142761 


1144900 
1147041 
1149184 
1151829 
1153476 


1155625 
1157776 
1159929 
1162084 
1164241 


1166400 
1168561 
1170724 
1172889 
1175056 


1177225 
1179396 
1181569 
1183744 
1185921 


Cube. 


1108717875 
1111934656 
1115157653 
1118386872 
1121622319 


1124864000 
1128111921 
1181366088: 
1134626507 
1187893184 


1141166125 
1144445336 
1147730823 
1151022592 
1154320649 


1157625000 
1160935651 
1164252608 
1167575877 
1170905464 


1174241375 
1177582616. 
1180932193: 
1184287112 
1187648379 


1191016000 
1194389981 
1197770828) 
1201157047 
1204550144 


1207949625 
1211355496 
1214767763 
1218186432 
1221611509 


1225043000 
1228480911 
1231925248 
1235376017 
1238833224 


1242296875 
1245766976 
1249243533 
1252726552 
1256216039 


1259712000 
1263214441 
1266723368 
1270238787 
1278760704 


1277289125 
1280824056 


1284365503/32. 


1287913472 


129146796915 


Cuba 


Sq. 
Root, 


Root. 


\B2.1714)10.1158 
82.1870/10.1186 
82.2025)10, 1218 
82, 2180/10. 1251 
82.2385/10.1283 


82..2490)10.1316 
82.2645)10.1348 
32.2800}10.1381 
82.2955/10.1413 
32.3110)/10.1446 


32.3265]10.1478 
32.3419)10.1510 
82.3574] 10.1543 
82.3728] 10.1571 
82.3883) 10.1607 


82.4037] 10.1640 

82.4191) 10.1672 
82.4345)/10.1704 
82.4500)10.1736 
32 .4654/10.1769 


82.4808)10.1801 
82.4962/10.1833 
82.5115]10.1865 
82.5269/10.1897 
32.5423}10.1929 


32.5576}10.1961 
32 .5730/10.1993 
82 .5883}10.2025 
32.6036) 10.2057 
82.6190}10.2089 


82. 6348)10.2121 
82.6497)10.2153 
82.6650/10.2185 
82.6803/10.2217 
82. 6956)10.2249 


82.7109] 10.2281 
82.7261) 10.2313 
82.7414|10.2345 
82.7567 10.2376 
32.7719) 10.2408 


82.7872)10.2440 
32. 8024/10. 2472) 
82.8177|10 .2503 
82 .8329}10.2535 
82.8481|10.2567 


32.8634/10.2599 
32.8786|10. 2680 
32.8938/10.2662 
32.9090)}10. 2693 
82.9242/10.2725 


32.9393]10.2757 
10.2788 
7| 10. 2820 

10.2851 
10.2883 


4 


: 
i 4 


1188100 
1190281 
1192464 
1194649 
1196836 


1199025 
1201216 
1203409 
1205604 
1207801 


1210000 
1212201 
1214404 
1216609 
1218816 


1221025 
1223236 
1225449 
1227664 
1229881 


1232100 
1234321 
1236544 
1238769 
1240996 


1243225 
1245456 
1247689 
1249924 
1252161 


1254400, 
1256641 
1258884 
1261129 
1263376 


1265625 
1267876 
1270129 
1272384 
1274641 


1276900 
1279161 
1281424 
1283689 
1285956 


1288225 
1290496 
1292769 
1295044 
1297321 


1299600 
1801881 
1304164 
1306449 
1308736 


Cube. 


1295029000 
1298596571 
1802170688 
1305751357 
1809338584 


1812932375 
1316532736 
1320139673 
1328753192 
1827373299 


1331000000 
1334633301 
1338273208 
1841919727 
1845572864 


1349232625 
1352899016 
135657; ce 
136025171 

1363038029 


1367631000 
1871330631 
1375036928 
1378749897 
1882469544 


1386195875 
1889928896, 
1393668613 
1397415032 
1401168159 


1404928000 
1408694561 


ts 
£4, 


33.0151 
33.0303, 
33.0454 
33 .0606 
33,0757 


33.0908 
33.1059 
33.1210 
33.1361 
33.1512 


33.1662 
33.1813 
33,1964 
33.2114 
83.2264 


33.2415 
33.2566 
33.2716 
2/33 .2866 
33.3017 


33.3167 
33.3317 
33.3467 
83.3617 
33.3766 


33.3916 
33.4066 
38.4215 
33.4365 
83.4515 


83.4664 
83.4813 


1412467848 33. 4963 
141624786733. 5112 
1420084624 | 33.5261 


1423828125, 


1427628376 
1431435383 
1435249152. 
1439069689 


1442897000 
1446731091 
1450571968 
1454419637) 
1458274104 


1462135375 
1466003456 
1469878353 
1473760072 
1477648619 


1481544000 
1485446221 
1489355288 
1493271207 
1497193984 


33.5410 
83.5559 
33.5708 
33.5857 
33.6006 


83.6155 
33.6303 
33.6452 
33.6601 
33.6749 


33.6898 
33.7046 
38.7174 
BB . 7342 
33.7491 


33.7639 
33.7787 
33.7935 
33.8083 


33.8231 


Cube 
Root. 


10. 2914 


10.3009 
10.3040 


10.3071 
10.3103 
10.3134 
10.3165 
10.3197 


10.3228 
10.3259 
10.3290 
10.3322 
10.3353 


10.3384 
10.3415 
10.3447 
10.3478 
10.3509 


10.3540 
10.3571 
10.3602 
10.3633 
10.3664 


10 3695 
10.3726 
10.3757 
10.3788 
10.3819 


10,3850 
10.3881 
10.3912 
10.3943 
10.3973 


10.4004 
10.4035 
10.4066 
10.4097 
10.4127 


10.4158 
10.4189 
10.4219 
10.4250 
10.4281 


10.4311 
10.4342 
10.4373 
10.4404 
10.4434 


10.4464 
10.4495 
10.4525 
10.4556 
10.4586 


No./Square. 


13811025 
1813316 
1315609 
1817904 
1820201 


1822500 
1824801 


1331716 


1834025 
1336336 
1838649 
1840964 
1843281 


1345600 
1347921 
1350244 
1352569 
1854896 


135722 
1859556 
1861889 
1364224 
1366561 


1368900 
1371241 
1373584 
1375929 
1878276 


1380625 
1382976 
1385329 
1887684 
1390041 


1392400 
1394761 
13897124 
1399489 
1401856 


1404225 
1406596 
1400969 
1411344 
1413721 


1416100 
1418481 
1420864 
1423249 
1425636 


1428025 
1430416 
1432809 
1435204 
1437601 


Cube, 


1501123625 
1505060136 
1509003523 
1512953792 


11516910949 


1520875000 
1524845951 
1528823808 
1532808577 
1536800264 


1540798375 
1544804416 
1548816893 
1552836312 
1556862679 


1560896000) 
1564936281 
1568983528 
1573037747 
1577098944 


5) 1581167125 


1585242296 
1589324463 
1593413632 
1597509809 


1601613000 
1605723211 
1609840448 
1613964717 
1618096024 


1622234375 
1626379776 
1630532233 
1634691752 
1636858339 


1643032000 
1647212741 
1651400568. 
1655595487 
1659797504 


1664006625 
1668222856 
1672446203 
1676676672 
1680914269 


1685159000 
1689410871 
1693669888 
1697936057 
1702209384 


1706489875 
1710777536 
1715072373 
1719374392 
1723683599 


SQUARES, CUBES, SQUARE AND CUBE ROOTS. 97 


Sq. | Cube 
Root. | Root. 


33 .8378}10.4617 
83 8526/10. 4647 
33 .8674)10.4678 
38 .8821/10.4708 
33 .8969/10.4739 


33.9116|10.4769 
33.9264) 10.4799. 
33.9411] 10.4830; 
33 .9559/10.4860 , 
33.9706)10.4890 * 


33.9853) 10.4921 
34.0000]10.4951 
84.0147| 10.4981 
34.0294/10.5011 
34.0441/10.5042 


34 .0588)10.5072 
34 .0735|10.5102 
34.0881/10 5132 
84. 1028)10.5162 
34.1174/10.5192 


34,1321)10 5223 
84.1467) 10.5253 
34.1614] 10.5283 
34.1760) 10.5313 
34.1906) 10.5343 


34 .2053/ 10.5373 
34.2199)/10.5403 
34,2345) 10.5433 
34.2491/10.5463 
34.2637| 10.5493 


24.2783) 10.5523 
34.2929) 10.5553 
34.3074) 10.5583 
34.5220)10.5612 
34,3366) 10.5642 


34.3511) 10.5672 
34.3657/10.5702 
84. 3802|10.5732 
34 .3948|10 5762 
34.4093)10.5791 


34,4238)10.5821 
84 .4384/10.5851. 
34.4529]10.5881 
34.4674)10.5910 ~ 
34.4819}10.5940 


34, 4964]10.5970 
34.5109|10. 6000 
34_5254|10. 6029 
34.5398|10.6059 
34..5543]10. 6088 


34.5688) 10.6118 
34.5832/10.6148 
34.5977/10.6177 
34.6121/10.6207 


34. 62661106236 


98 


.|Square. 


| 1525225 


MATHEMATICAL TABLES. 


Cube. 


1440000) 1728000000 
1442401 |1732323601 | 
1444804|1736654408 
1447209) 1740992427 
1449616)1745337664 


1452025 /1749690125 
1454436|1754049816 
1456849/1758416743 
1459264|1762790912 
1461681|1767172329 


1464100/1771561000 
1775956931 
1780360128 
1784770597, 
1789188344 


1793613375 
1798045696 
1802485313 
1806932232 
1811886459 


1815848000 
1820316861 
1824793048 
1829276567 
1833767424 


1838265625) 
1842771176 
1847284083 
1851804352 
1856331989 


1860867000 
1865409391 
1869959168 
1874516337, 
1879080904 


1883652875 
1888232256 
1892819053 
1897413272 
1902014919 


1906624000 
1911240521 
1915864488 
1920495907 
1547536) 1925184784 


1550025/1929781125 
1552516/1934434936 
1555009/1939096223 
1557504/1943764992 
1560001)1948441249 


1562500) 1955125000 
1565001 }1957816251 
1567504/1962515008 
1570009) 1967221277 


1473796, 


1476225 
1478656, 
1481089 
1483524 
1485961 


1488400, 
1490841 
1493284 
1495729 
1498176 


1500625 
1503076 
1505529, 
1507984 
1510441 


1512900 
1515361 
1517824 
1520289 
1522756 


1527696 


1535121 


1537600 
1540081 


1572516|1971935064 


Sq. 
Root. 


34.6410 
34.6554 
34.6699 
34.6843 
34.6987 


34.7131 
34.7275 
34.7419) 
34.7563 
84.7707 


84.7851 
34.7994 
34.8138 
84.8281 
34.8425 


84,8569 
34.8712 
34.8855 
34.8999 
34.9142 


34.9285 


84.9857 


35.0000 
35.0143 
85 .0286 
35.0428 
85.0571 


85.0714 
35.0856 
35.0999 
85.1141 
85,1283 


35.1426 
35.1568 
35.1710 
35.1852 
35.1994 


35.2136 
35.2278 
35.2420 
35.2562 
35.2704 


85. 2846 
35.2987 
35.3129 
35.3270 
85,3412 


85.3553 
35.3695 
35.3836 
35.8977 
35.4119 


Cube 
Root. 


10.6266 
10.6295 
10.6325 
10.6354 
10.6384 


10.6413 
10.6443 
10.6472 
10.6501 
10.6530 


10.6560 


10,6707 
10.6736 
10.6765 
10.6795 
10.6824 


10.6853 
10.6882 
10.6911 
10.6940 
10.6970 


10.6999 
10.7028 


10,7837 


No. 


1290 
1291 


1303 
1804 


1805 
1306 
1307 
1308 


ame 


Square.| Cube. 


1976656375 
1981385216 
1986121593 
1990865512 
1995616979 


2000376000 
2005142581 
1592644 | 2009916728 
1595169|2014698447 
1597696 )2019487744 


1600225 |2024284625 
1602756 |2029089096 
1605289] 2033901163 
1607824 |20387'20832 
1610361 


1612900 
1615441 
1617984 
1620529 


1575025 
1577536 
1580049 
1582564 
1585081 


1587600 
(1590121 


2048383000 
2053225511 
2058075648 
2062933417 
1623076|2067798824 


1625625 | 2072671875 
1628176 | 2077552576 
1630729 |2082440933 
1633284 | 2087336952 
1685841} 2092240639 


1638400}2097152000 
1640961 |2102071041 
1643524 /2106997'768 
1646089 /2111932187 
1648656 |2116874304 


1651225)2121824125 
1653796 |2126781656 
1656369) 2131746903 
1658944|2136719872 
1661521 |2141700569 


1664100/2146689000 
1666681 |2151685171 
1669264 | 2156689088 
1671849|2161700757 
1674436|2166720184 


1677025 2171747375 
1679616 2176782336 
1682209|2181825073 
1684804 | 2186875592 
1687401 |2191933899 


1690000|2197000000 
1692601 |2202073901 
1695204 |2207155608 
1697809} 2212245127 
1700416|2217342464 


1708025] 2222447625 
1705636 | 2227560616 
1708249 | 2232681443 
1710864|2237810112 


1713481 2242946629 


50! 
2043548109|85. 62¢ 


Sq. 
Root. 


135.4260 
35.4401 
135.4542 
35.4683 
35.4824 


(35.4965 
|35.5106 
35.5246 
35.5387 
35.5528 


35.5668) 


35. 
35. 
35. 


35.6931 


35.7071 
35.7211 
35.7851 
35.7491 
35.7631 


35.7771 
35.7911 
35.8050 
35.8190 
85.8329 


35.8469 
35.8608 
35.8748 
35.8887 
35. 9026 


35 .9166 
35.9305 
35.9444 
35.9583 
85.9722 


35.9861 
36.0000 
36.0139 
36 .0278 
36.0416 


36.0555 
36.0694 
36.0832 
36.0971 
36.1109 


36.1248 
36.1386 
36.1525 
36.1663 


86 1801 


Cube 
Root. 


10.7865 
10.7894 
10.7922 
10,7951 
10.7980 


10.8008 
10.8037 
10.8065 
10.8094 
10.8122 


10.8151 
10.8179 


9)10 8208 


10.8236 
10.8265" 


10.8298 
10.8322 
10.8350, 
10 8378 
10.8407 


10.8435 
10.8463 
10.8492 
10.8520 
10.8548 


10.8577 
10.8605 
10.8633 
10.8661 
16.8690 


10.8718 
10.8746 
10.877: 

10.8802 
10.8831 


10.8859 
10.8887 
10.8915 
10.8942 
10.8971 


10.8999" 
10.9027 
10.9055 
10.9083 
10.9111 


10.9139 
10.9167 
10.9195 
10.9223 
10.9251 


10.9279 
10.9307 
10.9335 
10.9363 


_ No./Square.| Cube. Bee Dake 


1716100.2248091000/36. 1939]10.9418 
1718721 2253243231/36. 2077/10. 

1721344 2258403328/36 , 2215 
1723969 2363571297| 36 . 2853 
1726596, 2268747144)36.2491 


1729225 2278930875/36.2629 
1731856) 2279122496/36 . 2767 
1734489 | 2284322013] 36.2905 
1737124 2289529432|36 .3043 
1739761 |2294744759|36.3180 


1742400 2299968000}36 .3318 
1745041 )2305199161/36 . 3456 
1747684|2310438248)36 . 3593 
1750329) 2315685267/36. 3781 
1752976 |2320940224| 36.3868 


1755625) 2326203125|36 .4005 
1758276|2331473976| 36.4143 
1760929|2336752783) 36.4280 
1768584 |2342039552/36.4417 
1766241)2347334289/36.4555 


1768900)2352637'000|36 .4692 
1771561) 2357947691 |36 4829 
1774224 /2363266368]36.4966|11 
1776889) 2368593037 |36.5103}11 
1779556) 2373927704) 36 .5240 


1782225) 2379270875) 36.5377, 
1784896 }2384621056)/36.5513 
1787569} 2389979753] 36.5650 
1790244 |2395346472|36 .5787) 
1792921 |2400721219|36.5923 


1795600) 2406104000|36. 6060; 
1798281 }2411494821|36, 6197 
842! 1800964 | 2416893688) 36.6333 
1803649|2422300607|36. 6469 
1806336 | 2427715584 |36 . 6606 


1809025) 2433138625| 36.6742 
1811716}2438569736|36 .6879) 
1814409/2444008923/36.7015 
1817104/2449456192)/36.7151 
1819801} 2454911549/36 . 7287} 


850] 1822500/2460375000| 36.7423 
1825201 |2465846551/36. 7560) 
1827904/247 1326208] 36.7696 
1830609) 2476813977| 36.7831 
1833316) 2482309864) 36 . 7967/11 .06 


1836025|2487813875| 36.8103) 11. 
856) 1838736/2493326016/36 .8239 
1841449/2498846293) 36.8375) 
1844164) 2504374712| 36.8511 
1846881 }2509911279|36.8646 


360} 1849600) 2515456000| 36.8782 
1852321 |2521008881|36 .8917| 11.0820 
1855044) 2526569928) 36.9053) 11.0847 
1857769}2532139147|36 9188/11 .0875 
1860496|2537716544/36 . 9324] 11.0902 


No.|Square. 


1865} 1863225 
1366) 1865956 
1367] 1868689 
1368} 1871424 
1369) 1874161 
1370 


1876900 
1879641 
1882384 
1885129 
1887876 


1890625 
1893376 
1896129 
1898884 
1901641 


1904400 
1907161 
1909924, 
1912689 
1915456 


1918225 
1920996 
1923769 
1926544 
1929321 


1932100 
1934881 
1937664 
1940449 
1948236, 


1946025 
1948816 
1951609 
1954404 
1957201 


1960000 
1962801 
1965604 
1968409 
1971216 


T 974025 


1979649 
1982464 
1985281 


1988100 
1990921 
2} 1993744 
1996562 
1999396 


2002225 
2005056 
2007889 
2010724 
BEA 13561 


1976836|27 


SQUARES, CUBES, SQUARE AND CUBE ROOTS 


Sq. 
Cube. Boot. 


2543302125 /86. 9459 
2548895896136 . 9594 
2554497863 /86 . 9730 
2560108032)36 . 9865 
2565726409)37 0000 


2571353000)37.0135 
2576987811 |37 0270 
2582630848 /37 .0405 
2588282117 /37.0540 
2593941624/37 0675 


2599609375 37.0810 
2605285376/37 0945 
261096963337. 1080 
261666215237 .1214 
2622362939/37. 1349 


2628072000}37 .1484 
2633789341 37.1618 
2639514968)37 1753 
2645248887 |37.. 1887 
2650991104/37.2021 


2656741625 |37 2156 
2662500456/37 2290 
2668267603 /37 2424 
2674043072 /87 2559 
2679826869 |37 .2693 


2685619000)37 .2827 
2691419471 /37 .2961 
2697228288 /37 3095 
2703045457137 3229 
2708870984 /37.. 3363 


2714704875 |37 3497 
2720547136)37 8631 
2726397773/37 . 3765 
2732256792|37 3898 
2738124199)37.4032 


2744000000|37 .4166 
2749884201|37 .4299 
275577680837 4433 
2761677827 |37 .4566 
2767587264 |37 4700 


2773505125)37 4833 
79431416|37 4967 
2785866143|37 5100 
2791309312/37 5233 
2797260929|37 .5366 


2803221000|37 .5500 
280918953187 .5633 
2815166528] 37.5766 
2821151997|87 5899 
2827145944/37 6032 


2833148375|37.6165 
2839159296|37 6298 


ao 


2845178713/37 6431/11 


2851206632|37 6563 


2857243059137 . 6696 


99 


Cube 
Root. 


11.0929 
11.0956 
11.0983 


11.2108 
11.2135 


11.2373 


100 


MATHEMATICAL TABLES. 


No./Square.| Cube. 


2016400 
2019241 
2022084 
2024929 
2027776 


2056356 


2059225 )2954987875, 
5| 2062096 


2064969 
2067844 
2070721 


2073600 
2076481 
2079364 
2082249): 
2085136 


2088025 


3} 2090916) 


2093809 
2096704 
2099601 


2102500 
2105401 
2108304 
2111209 
2114116 


2117025 


5] 2119936 


2122849 
2125764 
2128681 


2131600 
2134521 
2137444 
2140369 
2143296 


2146225 
2149156 
2152089 
2155024 
2157961 


216090031 


2163841 
2166784 
2169729 
2172676 


2863288000 
2869341461) 
2875403448) 
2881473967 
2887553024 


2893640625 


5|2899736776 


2911954752 
2918076589 


2924207000 
2930345991 
2936493568 
2942649737 
2948814504 


2961169856 
2967360453 
2973559672 
2979767519 


2985984000 
2992209121 


3017196125 
3023464536 
8029741623 
3036027392 
3042821849 


8048625000 
3054936851 
3061 257408 
3067586677 
8073924664 


3080271375 
3086626816 
3092990993 
3099363912 
3105745579 


3112136000 
3118535181 


3131359847 
3137785344 


3144219625 
3150662696 
3157114563 
3163575232 
3170044709 


3183010111 
3189506048 


76523000 


37.8021 


3010936384 38 .0000,1 


38 .0132}11. 
38 0263/11. 
88 .0395}11. 
38.0526) 11. 
88. 0657| 11. 


38.0789) 11. 
38.0920)11. 


88.1051 


38.2884 


. | Cube 
Rout Root. 


87.6829)11. 
|87.6962/11. 
87. 7094)11. 
37.7227/11. 
37.7859}11. 


37.7492)11. 
37. 7624/11. 
2905841483 37 .7757)/11. 
37.7889} 11. 


87.8153/11. 
37 8286/11. 
87.8418)11. 
37.8550)11. 
37 .8682/11. 


37.8814/11. 
37,8946) 11, 
37.9078)11. 
37. 9210/11. 
37.9342)11. 


\87.9478)11. 
|37.9605|11. 


38.1182) 11. 
88.1314)11. 


38.1445)11. 
38.1576) 11. 
88.1707|11. 
88.1838} 11 .é 
88.1969)11. 


38.2099)11. 
3124943128}; 
38..2623)11. 
38 .2753)11. 
38 .3014)11. 
38.3145/11. 
88.3275/11. 
38 .3406)11. 
38 .3536/11. 
88 .3667)11. 


319601081 7/38 .3797| 11.37 
3202524424138 8927\11. 3808 


2399 
2425 


.|Square. 


2175625 


2187441 


2190400 
2193361 
2196324 
2199289 
2202256 


2205225 


2211169 
2214144 
2217121 


2220100 
2223081 
2226064 
2229049 
2232036 


2235025 
2238016 
2241009 
2244004 
2247001 


2250000 
2253001 
2256004 
2259009 
2262016 


2265025 
2268036 
2271049 
2274064 
2277081 


2280100 
2283121 
2286144 
2289169 
2292196 


2295225 


5] 2298256 


2301289 
2304324 
2307361 


2310400 
2313441 
2316484 
2319529 
2322576 


2325625 
2328676 
2331729 
2334784 
2337841 


2208196/3! 


Cube. 


Sq. 
Root. 


Cube 
Root. 


3209046875, 


5|3215578176 


3222118333 
3228667352 
3235225239 


3241792000 
3248367641 
3254952168, 
3261545587 
3268147904 


8274759125 
281379256 
3288008303 
3294646272 
8301293169 


3307949000 
3314613771 
3321287488 
3327970157) 
13334661784 


3341362375 
3348071936 
3354790473 
3361517992 
3368254499 


3375000000 
3381754501 
3388518008) 
3395290527 
3402072064 


3408862625 
3415662216 
3422470843 
3429288512 
3436115229 


3442951000. 
3449795831 
3456649728 
3463512697 
3470384744 


3477265875 
3484156096 
3491055413 
3497963832 
3504881359 


3511808000 
3518743761 
3525688648 
3532642667 
8539605824 


3546578125 
3553559576 
3560550183 


356754995212 


3574558889) 


38.4187 
38.4318 
38 4448 
38.4578 


38.4708 
38 .4838 
38.4968 
38.5097 
38 5227 


38.5357 
38.5487 
38.5616 
38 5746 
38.5876 


38 6005 
38 .6135 
38 .6264 
38.6394 
38.6523 


38.6652 
38.6782 
38.6911 
38.7040 
38.7169 


38.7298 
38 . 7427 
38.7556 
38.7685 
38.7814 


38.7948 
38.8072 
38.8201 
38.8330 
388 .8458 


38.8587 
38.8716 
38 8844 
38.8973 
38.9102 


38.9230 
38.9358 
38.9487 
38.9615 
88.9744 


38 . 9872 
39.0000 
39.0128 
39.0256 
39 0384, 


39.0512 


139.1024 


4 
38.4057 


11.3832 
11.3858 
11.3883 
11.3909 
11.3935 


11.3960 
11.3986 
11.4012 
11.4037 
11.4063 


11.4089 
11.4114 
11.4140 
11.4165 
11.4191 


11.4216 


11.5204 | 


SQUARES, CUBES, SQUARE AND 


Square.| Cube. nae oe No.|Square. 


2359296 |3623878656/39. 1918/11. 2468041 | 
2362369/3630961153/39.2046)11. 2471184' 
538) 2365444 3633052872/39. 2173/11. 2474329) 
2368521 |3645153819/39 2301/11. 2477476 


2371600/3652264000| 39, 2428/11. 2480625 
2374681 |3659383421/39 2556/11. 3) 2483776) 


2380849) 3673650007/39. 2810) 11.5555 2490084, 
2383936) 3680797 184/39 2938] 11. 2493241 


3687953625] 39.3065) 11. 2496400 3 
3695119336) 39.3192| 11.562 2499561) 
3702294323|39 .3319|11. 2} 2502724 | 
3709478592|39.3446|11.5680 2505889) 
3716672149|39.3573 11. 2509056) 


3723875000/39.3700/11. 2512225 
2405601|3731087151/39.3827\11. 2515396! 
2408704|3738303608|39 3054/11. 2518569) 


2414916}3752779464 39.4208, 


2433600}3796416000/39 4968!11. 5978 2544025 


I 563 2442969) 3818360547 


2446096|3825694144/39. 5474/11 6077 2556801) 


2560000 


2340900 3581577000/39.1152/11.5230 2449225) 
2343961 |3588604291/39. 1280/11. 2452356 
2347024/3595640768 39. 1408/11 _5: 2455489) 
2350089/3602686437|39. 1535/11 .5305 38} 2458624 
2353156) 3609741304) 39. 1663/11. 09) 2461761 


2356225/3616805375| 39.1791/11.2 2464900 


CUBE ROOTS. 102 


Sq. | Cube 
Cube. | pode. | Root, 


3833037125/39.5601 11.6102 
3840389496 |39.5727)11.6126 
3847751 263/39, 5854| 11.6151 
(8855123432/39.5980| 11.6176 
3862503009)39.6106}11.6200 


3369893000)39 . 6232/11 6225 
3877'292411|39. 6358/11 .6250 
3084701248 39.6485) 11.6274 
3892119517/39.6611/11.6299 
3899547224 /39. 6787) 11.6324 


'3906984375/39. 6863/11 .6348 
8914430976/39 . 6989/11 .6373 


2377764 | 3666512088) 39.2683) 11.55: 2486929/3921887038 39.7115) 11.6398 


3929852552/39,.7240}11. 6422 
3936827539/39. 7366) 11.6447 


3944312000/39. 7492/11, 6471 
3651805941|39. 7618] 11.6496 
3959309368 |39. 7744/11. 6520 
3966822287 |39. 786911 .6545 
3974344704 39.7995) 11.6570 


'3981876625|39.8121]11.6594 
$989418056|/39.8246 11.6619 
3996969003|39. 8872/11 6643 


2411809/3745539377/389.4081|11. 2521744 /4004529472/39. 8497/11 .6668 


4012099469|39 8623 11.6692 


2418025/3760028875 39.4335/11. 2528100) 4019679000/39. 8748 11. 
2421136)3767287616/39 4462/11. 2531281 14027268071 
2424249/3774555693 394588 11. 2} 2584464| 4034866688 
2427364 /3781833112)39.4715/11. 2537649|4042474857/39. oe 
2430481) 3789119879) 39.4842/11. 2540836 |4050092584/39.9249/11. 


4057719875 /39.9375 11.7839 


1561) 2436721|3803721481!39 5095/11 1.6003 b 2547216) 4065356736|39.9500!11. 6863 
962) 2439844|3311036328/39. 5221! il 2550409 }4073003173/39. poet. 6888 
39. 5348/1 py 2553604 4080659192|39.9750)11.6912 


4088324799|39.9875/11.6936 


4096000000/40.0000'11.6961 
taba Bis ALA eh a eh te teed Cs 


No.|Square.! Cube. § No.| Square. 


‘Note that the square has twice as man 
es as many decimal places, as the root. 


Cube. No: 


SQUARES AND CUBES OF DECIMALS, 


Square, Cube. 


SSSE8S858 
eueSenesee 


# lessssesssss 
s 
3 


esesssssses 
rSeesercses 
23385385238 


s 
g 
Fe 


y decimal] places, and the cube three 


102 MATHEMATICAL TABLES. 


FIFTH ROOTS AND FIFTH POWERS. 
(Abridged from TRAUTWINE.) 


No. or 
Root. 
ba] 
° 
4 
oO 
lal 
No. or 
Root 
og 
F| 
o 
Le 
No. or 
Root. 


| 
| 


| b3 
Power. J ¢ Power. 
| pas 
| 102400000 


10} = .000010] 3.7 693.440} 9.8} 90392 421.8) 4923597 | 40 

15} = .000075} 3.8 792.352] 9.9) 95 22.0) 5153632 | 41 | 115856201 
20} .000320] 3.9 902.242110.0| 100000 922.2) 5392186 | 42 | 130691232 
25)  .000977} 4.0] 1024.00 }10 2] 110408 22.4 5639493 | 43 | 147008443 
30] 002430]. 4.1] 1158.56 }10.4] 121665 $22.6) 5895793 | 44 | 164916224 
35) 005252] 4.2] 1306.91 }10.6] 133823 [22.8) 6161327 | 45 | 184528125 
40} 010240] 4.3] 1470.08 [10.8] 146933 23.0) 6436343 ] 46 | 205962976 
45} .0184531. 4.4] 1649.16 }11.0) 161051 § 23.2) 6721093 | 47 | 229345007 
-50| 031250}. 4.5] 1845.28 111.2) 176234 23.4 7015834 } 48 | 254803968 
.55| 050828} 4.6} 2059.63 | 11.4) 192541 423.6) 7320825 | 49 75249 
“60| .077760] 4.7| 2293.45 411.6] 210034 423.8) 7636332 1 50 | 312500000 
65 116029] 4.8) 2548.04 }11.8) 228771 24.0| 7962624 | 51 | 345025251 
-70) 168070] 4.9| 2824.75 ]12.0| 248832 $24.2) 8299976 | 52 | 3802040382 
.75| .237305} 5.0| 3125.00 ]12.2} 270271 924.4) 8648666 | 53 | 418195493 
180} 827680] 5.1| 3450.25 [12.4] 293163 24.6) 9008978 | 54 | 459165024 | 
-85)  .448705] 5.2] 3802.04 J 12.6] 317 24.8| 9381200 | 55 | 503284375 
90} 590490] 5.3| 4181.95 ]12.8] 343597 ]25.0| 9765625 | 56 | 55073177 
'95| .773781] 5.4| 4591.65 }18.0| 371293 $25.2) 10162550 4 57 | 601692057 
1.00)» 1. 5.5| 5032.84 113.2} 400746 $25.4) 10572278 J 58 | 656356768 
1.05} 1.27628] 5.6| 5507.52 413.4] 432040 425.6) 10995116 | 59 | 714924209 | 
1.10} 1.61051] 5.7] 6016.92 513 6) 465259 25.8) 11431377 { 60 | 777600000 
1.15) 2.01135] 5.8) 6563.57 113.8) 500490 426.0) 11881376 | 61 | 844596301 
1.20] 2.48832] 5.9] 7149.24 ]14.0) 587824 426.2) 12845487 | 62 | 916132832 
1.25] 3.051769 6.0] 7776.00 ]14.2| 577353 426.4) 12823886 | 63 | 992436543 
1.30] 3.712937 6.1| 8445.96 ]14.4) 619174 $26.6) 13317055 | 64 |1078741824 
1.35] 4.48403] 6.2| 9161.33 |14 6] 668383 426.8) 13825281 } 65 |1160290625 
1.40] 5.378241 6.8] 9924.37 ]14.8] 710082 427.0) 14348907 | 66 |1252332576 
1.45} 6.40973] 6.4| 10737 15.0] 759375 427.2) 14888280 | 67 |1350125107 
1.50} 7.59375] 6.5) 11603 15 2) 811368 7.4) 15448752 | 68 |1453933568 
1.55] 8.94661] 6.6) 12523 15.4} 866171 7.6| 16015681 } 69 |1564031349 
1.60) 10.4858 | 6.7} 13501 15.6] 923896 [27.8) 16604480 }- 70 |1680700000 
1.65 .2298 | 6.8) 14539 15.8] 984658 428.0) 17210368 | 71 |1804229351 
1.70} 14.1986 | 6.9] 15640 16.0] 1048576 [28.2) 1733868 | 72 |1934917632 
1.75) 16.4131 | 7.0] 16807 16.2] 1115771 428.4) 18475309 | 73 |2073071593 
1.80] 18.8957 [| 7.1] 18042 16.4] 1186367 28.6) 191385075 | 74 |2219006624 
1.85} 21.6700 | 7.2} 19849 16.6) 1260493 428.8] 19813557 | 75 |2373046875 
1.90} 24.7610 } 7.3) 20731 16.8} 133827! 29.0, 20511149 | 76 )2585525376 
1.95) 28.1951 | 7.4| 22190 17.0] 1419857 $29.2) 21228253 | 77 |2706784157 
2.00} 32.0000 | 7.5] 28730 17.2] 1505366 429.4) 21965275 | 78 7174368 
2.05} 86.2051 | 7.6) 25855 17.4] 1594947 429.6) 22722628 | 79 |38077056399 
2.10) 40.8410 | 7.7| 27068 17.6] 1688742 29.8) 28500728 | 80 |3276800000 
2.15| 45.9401 | 7.8] 28872 17.8] 1786899 30.0} 24300000 } 81 |3486784401- 
220) 51.5363 | 7.9} 30771 18.0} 1889568 430.5) 26393634 | 82 |3707398432 
2.25] 57.6650 | 8.0] 32768 18.2] 1996903 81.0) 28629151 }| 83 |3939040643 
2.30) 64.3634 | 8.1| 34868 18.4} 2109061 31.5) 31013642 | 84 |4182119424 
2.85) 71.6703 | 8.2) 37074 18.6} 2226208 432.0) 33554432 | 85 [4487053125 
2.40| 79.6262 | 8.3} 39390 18.8] 2348493 432.5) 36259082 | 86 |4704270176 
2.45] 88.2785 | 8.4] 41821 19.0] 2476099 $33.0) 39185393 | 87 |4984209207 
2.50) 97. 8.5] 44871 19.2} 2609193 $33.5) 42191410 } 88 [5277819168 
2.55} 107.820 | 8.6} 47048 19.4] 2747949 $34.0) 45435424 | 89 |5584059449 
2.60) 118.814 | 8.7) 49842 19.6} 2892547 434.5 48875980 | 90 |5904900000 
2.70) 148.489 § 8.8) 52773 19.8] 3043168 $35.0) 52521875 } 91 |6240321451 
2.80] 172.104 § 8.9] 55841 20.0) 32 85.5) 56382167 | 92 |6590815232 
2.90) 205.111 9.0} 59049 20.2| 3863232 $36.0) 60466176 f 93 /6956883695 
8.00) 243.000 § 9.1) 62403 20.4] 8538059 936.5) 64783487 | 94 |7339040224 
8.10} 286.292 9 9.2} 65908 20.6] 3709677 37.0! 69343957 } 95 |7737809375 
8.20] 385.544 § 9.3] 69569 20.8] 8893289 437.5) 74157715 | 96 |8153726976 
3.30] 391.354 4 9.4} 73390 21.0} 4084101 $38.0) 79235168 | 97 |8587340257 
3.40} 454.854 | 9.5) 77378 21.2} 428) 38.5) 84587005 | 98 |9039207968 
3.50) 525.219 | 9.6} 81537 21.4] 4488166 439.0) 90224199 } 99 |950990U449 
8.60! 604.662 § 9.7) 85873 21.6] 4701850 $39.5) 96158012 le! 
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MATHEMATICAL TABLES. 


Diam.|Circum. 


606.33 
609.47 
612.61 
615.75 
618.89 


Area, 


29255 .30 


29559 .25 
29864.77 
30171.86 
30480 .52 
30790. 75 
31102.55 
31415, 93 
31730.87 
82047 39 


Diam. 


Cireum. 


‘Area. 


53092. 92 


53502.11 
53912.87 
54325.21 
54739.11 
5154.59 


83468. 98 


Diam.!Cireum. 


1225.22 
1228.36 
1231.50 
1234.65 


2] 112220.83 


Area. 


83981 .84 


84496 .28 
85012.28 
85529.86 
86049.01 
86569.73 
87092 .02 
87615.88 
88141.31 
88668.31 
89196. 88 


100659.77 
101222.90 
101787. 60 
102853.87 
102921.72 
103491.13 
104062.12 
104634.67 
105208.80 
105784.49 | 
106261 .76 
106940, 60 
107521.01 
108102.99 
108686 .54 
109271 .66 
109858 .35 
110446. 62 
11103645 
11162786 


121303. 96 
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red 


- Diam.|Civeum.| Area, Diam,|Circum.| Area, Diam.|Cireum.} Area. - 


1237. 79) 121922.07 1448.27) 166913.60 528 | 1658.76} 218956.44 
: : 1451 ,42| 167638 .53 90] 219786.61 
1454.56) 168365.02 220618 .34 
1457.70} 169093 .08 221451.65 
1460.84)" 169822 .72 83} 222286.53 
1463.98} 170553 ,92 B 47) 223122.98 
1467.12) 171286.70 -61) 223961 .00 
1470.27) 172021.05 -%5| 224800.59 
1478.41} 172756.97 3.89) 225641 .75 
1476.55) 173494.45 226484.48 
1479.69} 174283.51 BP 18) 227828.79 
1482.83) 174974. 14 3.32) 228174. 66 
1485.97) 175716.35 -46] 229022.10 
1489.11) 176460.12 -60) 229871.12 
1492.26] 17°7205.46 74) 230721.71 
1495.40} 177952.37 88} 231578.86 
1498.54! 178700.86 08] 232427.59 
1501.68} 179450.91 -17) 233282.89 
1504.82} 180202.54 81} 284139.76 
1507.96} 180955.74 -45] 234998. 20 
1511.11) 181710.50 -59) 235858.21 
1514,25| 182466.84 24.73) 236719,79 
1517.39} 183224.75 E 
1520.53) 183984.23 
1523.67} 184745 28 
1526.81) 185507 .90 
1529.96) 186272,10 
1533.10) 187087.86 
1536.24) 187805.19 
1539.38) 18857410 
1542.52) 189344.57 
1545.66} 19011662 
1548.81} 190890.24 
1551.95} 19166543 
1555.09) 192442.18 
1558.23 
1561.37 
1564.51| 194781.89 5 
1567.65} 19556493 :14] 251607.01 
‘| 1570.80) 196349,54 28) 252496. 87 
1573.94) 1971385. 72 42) 253388 .30 
1577.08} 197923.48 57) 254281 .29 
1580.22) 198712.80 -71| 255175.86 
1583.36) 199503.70 -85) 256072.00 
1586.50) 200296 .17 -99} 256969.71 
1589.65} 201090.20 -13} 257868.99 
1592.79) 201885.81 27) 258769. 85 
1595.93) 202682.99 -42| 259672.27 
1599.07} 203481 .74 -56] 260576. 26 
1602.21) 204282.06 R 261481 .83 | 
1605.35} 205083. 95 84] 262388. 96 
1608.50} 205887. 42) -98} 263297 .67 
1611.64) 206692.45 -12] 264207.94 
1614.78) 207499.05 -27| 265119.79 
1617.92} 208307 .23 : -41} 266033.21 
1621.06) 209116.97 2 i 
1624.20) 209928.29 
1627.34) 210741.18 
1630.49) 211555.63 
1633.63) 212371.66 -11] 270623. 
1636.77) 213189,26 26) 271546.70 . 
1639.91} 214008.43 -40) 27247112 
1643.05} 21482917 . - 
1646.19) 215651 ,49 
1649.34) 216475 .37 
1652.48) 217300.82 
1655. 62)_218127.859 594 | 1866.11 


MATHEMATICAL TABLES. 


Area. Diam:|Circum.|} Area, Diam: Cireum.| Area, 
278050.58§ 663 | 2082.88} 345236.699 731 | 2296.50) 419686.15 
278985.99 664 | 2086.02) 346278.919 732 | 2299.65) 420885.19 
279922.97f 665 | 2089.16] 347322.704 733 | 2302.79] 421985.79 
280861.529 666 | 2092.30) 348368.07] 734 | 2305.93) 423137.97 
281801 659 667 | 2095.44} 349415.00f 735 | 2309.07} 424291.72 
282743.34) 668 | 2098.58] 350463.51ff 736 | 2312.21} 425447.04 
283686.60 669 | 2101.73) 351513.59] 787 | 2815.35] 426603. 94 
284631.449 67 2104.87) 352565.24f 7238 | 2318.50) 427762.40 
285577.84 671 | 2108.01] 353618.459 739 | 2821.64) 428922.43 
286525.829 672 | 2111.15} 854673 .24] 740 | 2324.78] 480084.03 
287475.36 98 673 | 2114.29] 355729.60 741 | 2327.92] 43124721 
288426.489 674 | 2117.43) 356787.54 742 | 2331.06] 4382411.95 
289379.178 675 | 2120.58} 357847.04f, 743 | 2334.20] 433578.27 
290833.439 676 | 2123.72] 358908.11f) 744 | 2337.34] 434746.16 
291289.26 677 | 2126.86) 859970.75 745 | 2840.49] 435915.62 
292246. 66 78 | 2130.00) 361034.97 f 746 | 2343.63] 437086.64 
293205.63 679 | 2133.14] 362100.759 747 | 2346.77| 438259.24 
294166.17 | 680 | 2136.28) 863168.11f/ 748 | 2349.91] 439433.41 
295128.289 681 | 2189.42) 364237.04f, 749 | 2353.05} 440609 16 
296091.97§ 682 | 2142.57) 365307.549 750 | 2856.19] 441786.47 
297057 .22 683 | 2145.71) 866379.60— 751 | 2359.84) 442965.35 
298024.059 684 | 2148.85) 367453.248 752 | 2362.48) 444145.80 
298992.44 685 | 2151.99] 368528.45 753 | 2365.62] 445327.83 
299962. 41 686 | 2155.13) 369605.239 754 | 2368.76} 446511.42 
800933.95§ 687 | 2158.27} 370683.599 755 | 2871.90) 447696.59 
801907.05] 688 | 2161.42) 371763.51f 756 | 2375.04] 448883.32 
802881.73] 689 | 2164.56) 372845.00 757 | 2378.19] 450071.63 
303857.98f 690 | 2167.70) 373928.07§ 758 | 2381.33) 451261.51 
304835.80f/ 691 | 2170.84) 375012.7 96 
305815.20f 692 | 2173.98) 376098.91 
306796.16 693 | 2177.12] 377186.68 
807778.69f) 694 | 2180.27] 378276.03 
308762.7 695 | 2183.41] 379366.95 
309748.47— 696 | 2186.55) 380459.44 
310735.718 697 | 2189.69) 381553.50 
311724.539 698 | 2192.83] 382649.13 : 

812714.929 699 | 2195.97] 883746.33 767 | 2409.60) 462041 .10 
313706.889 700 | 2199.11] 384845.10 
314700.40§ 701 | 2202.26) 385945.44 
315695.50 702 | 2205.40] 887047.36 
816692.179 703 | 2208.54] 388150.84 
817690.42§ 704 | 2211.68) 389255.90 
318690.239 705 | 2214.82) 390362.52 § : 
319691.619 706 | 2217.96] 391470.729 74 | 2431.59) 470513.19 
820694.56 TOT | 2221.11] 892580.499 775 | 2434.73) 471729.77 © 
821699.099 708 | 2224.25) 393691.82 776 | 2487.88) 47294792 
822705.18 9 709 | 2227.39] 394804.739 777 | 2441.02] 474167.65 
823712.85 710 | 2230.53) 395919.218 778 | 2444.16] 475388.94 
B24722.09§ 711 | 2233.67] 3970385 269 779 | 2447.30) 476611.81 
825732.899 712 | 2236.81] 398152.899 780 | 2450.44) 47783624 
326745.279 713 | 2239.96) 399272.08f 781 | 2453.58] 479062.25 
327759.229 714 | 2243.10) 400392.84§ 782 | 2456.73] 480289.83 
828774.74 715 | 2246.24) 401515.18 783 | 2459.87] 481518.97 
829791.839 716 | 2249.38) 402689.08— 784 | 2463.01] 482749.69 
830810.499 717 | 2252.52) 403764.56% 785 | 2466.15 ome Tis 

4 
28 
28 
85 
99 
7 
99 
85 
28 


331830. 72 718 | 2255.66) 404891.609 786 | 2469.29) 485215. 
332852.589 719 | 2258.81] 406020.229 787 | 2472.43] 486451. 
833875.90 | 720 | 2261.95) 407150.418 788 | 2475.58] 487688. 
834900.85 9) 721 | 2265.09] 408282.17 789 | 2478.72] 488926. 
835927.36§ 722 | 2268.23) 409415.50f 790 | 2481.86] 490166. 
836955.45 ff 723 | 2271.37) 410550.40§ 791 | 2485.00} 491408. 
837985.109 @24 | 2274.51) 411686.87§ 792 | 2488.14) 492651. 
839016.339 725 | 2277.65) 412824.919 793 | 2491.28] 493896. 
840049.139 726 | 2280.80) 413964.52§ 794 | 2494.42) 495143. 
841083.50 727 | 2283.94) 415105.71 795 | 2497.57] 496391 .27 
842119.44 9 728 | 2287.08) 416248.46 796 2500.71) 497640. 84 
343156.959 729 | 2290.22) 417392,799 797 | 2508.85) 498891.98 
344196.039 730 | 2293.36) 418538.68 798 | 2506.99] 500144.64 
a S 
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.|Cireum. 


Area, 
501398 .97 
502654.82 
503912.25 


Diam. |Circum. 
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590375 .16 
5917387.83 
593102.06 
594467.87 
595835 ..25 
597204 .20 
598574. 72 
599946.81 
601320 47 
602695 .70 


61236631 
613754.11 
615143.48 
61653442 
617926 .93 
619321 .01 


3} 620716. 66 


622113.89 


6} 623512.68 


62491304 
626314.98 
627718.49 
62912356 
630530.21 
631938.43 


648959.58 
650388 .22 
651818.43 
653250 .21 
654633 .56 
656118.48 
657554.98 
658993. 04 
660432. 68 


98] 661873.88 


663316. 66 
664761 .01 
666206 .92 
667654 41 
669103.47 


673460.08 
674915.42 
676872.33 
67783082 
679290. 87 
GHSNTSS 5 


5} 6S2215.69 


68368046 
685146- 80 


Diam. Cireum.| Area, 


3138.45 
3141.59 


745088.39 
746619.128 


oe 
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CIRCUMFERENCES AND AREAS OF CIRCLES 
Advancing by Eighths, 


29732 
15/16 
81/22 
1. 
1/16 
aie 
44 
5/16 
vis 
it 
11/16 
13/16 
% 
15/16 
? 1/16 
aie 
Bie 


.| Circum., | Area, | Diam. 
-04909 | .0001992 34 
.09818 000779 = =7/16 

14726: | .0017 % 
. 19635 003078 9/16 
29452 00690 &% 
.39270 01227 § 11/16 
49087 01917 34 
58905 027618 138/16 
68722 03758 % 
15/16 
78540 04909 
»88357 0621393. 
-98175 076709 1/16 
1.0799 -09281 % 
1.1781 110459 3/16 
1.2763 12962 4 
1.38744 150339 5/16 
1.4726 17257 36 
7/16 
1 5708 19635 44 
1.6690 22166 9/16 
1.7671 24850 56 
1.8653 27688 11/16 
1.9635 30680 34 
2.0617 338249 13/16 
2.1598 37122 We 
2.2580 405749 15/16 
2.8562 44179 1/16 
2.4544 47937 4 
2.5525 51849 3/16 
2.6507 55914 Yy 
2.7489 .60132 5/16 
2.8471 645041 84 
2.9452 -69029 T/16 
8.0484 73708 4% 
9/16 
8.1416 1854 56 
3.3379 8866 11/16 
3.5343 | 19940 34 
3.7806 1.1075 13/16 
3.9270 1.2272 % 
4.1233 1.3530 15/16 
4.3197 1.4849 5 
4.5160 1.6280 1/16 
4.7124 1, 7671 % 
4.9087 1.9175 3/16 
5.1051 — /2.0739 Y 
5.8014 = /2.2865 5/16 
5.4978 12.4053 36 
5.6941 2.5802 7/16 
5.8905 [2.7612 4% 
6.0868  |2.9483 9/16 
6.2832 |3.1416 9 11/16 
6.4795 |3.3410 34 
6.6759 |3.5466 13-16 
6.8722 |3.7583 % 
7.0686 |8.9761 15-16 
7.2649 14.2000 


Area, 


Diam.| Circum. 
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Diam. | Circum.| Area, 
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Diam.| Cireum. 
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110 MATHEMATICAL TABLES, 
ee el a a ee A Se 


Diam.| Circum. | Area, | Diam.| Circum, 
8s 120.559 1156.69 46 5g 146.477 
120.951 1164.2 94 146.869 
121.344 1171.7 % 147.262 
34 121.7387 | 1179.39.47. +| 147.655 
% 122.129 1186.9 4% 148.048 
39. 122.522 | 1194.6 Y 148.440 
4% 122.915 1202.3 (4 148.833 
% 123.308 1210.0 % 149.226 
123.700 1217.7 56 149.618 
4 124.093 | 1225.4 34 150.011 
124.486 1233.2 % 150.404 
4 124.878 1241.09 48. 150.796 
% 125.271 1248.8 6 151.189 
40. 125.664 1256.6 151.582 
\% 126.056 1264.5 iy 151.975 
BZA 126.449 1272.4 152.367 
8 126.842 | 1280.3 152.760 
6 127.235 1288.2 34 153.153 
127.627 1296.2 % 153.545 
24 128.020 | 1304.29 49: 153.9388 
% 128.413 1312.2 yy 154,331 
41. 128.805 1320.3 Y 154.723 
¥ | 129.198 | 1828.3 84 155.116 
4 129.591 1336.4 155,509 
132.340 | 1393.7 


_ 

Ss 

ro 

& 
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= o 

a r re ° 

3 me : 
LEMS RS LT PRR ON SANDOWN GAISSURABSWRAHSW RAO SUIS Ee ee 
aes e a 

ox 
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131.161 | 1269.0]50°. | 157.080 

% | 131.554 | 1377.2 ¥ | 157.472 
42° | 181.947 | 1385.4 re 157,805 
if 132.732 | 1402.0 158.650 
$g | 133.125 | 1410/3 159.043 
133.518 | 1418.6 4 | 159.436 

133.910 | 1427.0) 3 | 159.829 

34 | 134.308 | 1435.49.51. | 160.921 
% | 134.696 | 1443'8 6 160.614 
48. | 135.088 | 1452.2 161.007 
¥ | 135.481 | 1460.7) $4 | 161.399 
4% | 135.874 | 1469.1 i 161.792 
$4 | 136.267 | 147.6 162.185 
ie 136.659 | 1486.24 84 | 162.577 
137,052 | 1494-7] $2 | 162.970 

34 | 187.445 | 1503.3952. | 163.363 
% | 137/887 | 1511.9 1g | 163.756 
44°— | 138.930 | 1520.5) 44 | 164.148 
1% | 138.623 | 1529.2) 8 | 164/541 
44 | 139.015 | 1587.9 164.934 
8g | 139.408 | 1546'6 165.326 
139.801 | 1555.3) 34 | 165.719 

140.194 | 1564.0] 3 166.112 

i 140.979 | 1581.6 14 | 166.897 
45. | 141.872 | 1590.4] 44 | 167.290 
44 | 141,764 | 1599.3) $4 | 167/683 
4 | 142.157 | 1608.2 168.075 
8% | 142.550 | 1617.0 168.468 
142.942 | 1626.0] 34 | 168.861 

143.335 | 1634.9] % | 169.253 

34 | 143.728 | 1643.99.54. | 169.646 
% | 144,121 | 1652.9] 14 | 170.039 
46. | 144.513 | 1661.9} 44 | 170.431 
4 144.906 | 1670.99 %@ | 170.824 
145.299 | 1680.0 171.217 

145.691 | 1689.1] 5% | 171.609 

146.084 | 1698.28 8% | 172.002 
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.| Cireum. | Area, iam. | Circum, | Area, | Diam.| Cireum. 


a 
oO 


BNSGREAGRANAN” ONSEN RISE 
2 


4 : s : 

i PORE [e 
‘ 2.843 5 
Oana 


ies) 
bo 


ONSGRAGANGR NRGRRORNOR RAKE 


a2 
rng 


258. 
258.396 


* ORIRSROASRANS 


a 
i 


S 

«1 

a 
wm 
or 


x 
= 
SSGh" GRR SOSERRGRAGK ORR 


Sak" ONS 
” QURGRRRANGR” SSRN GRE ORE “oman 


a 
o 


— 


bax” 3s 


112 MATHEMATICAL TABLES. 


Diam,| Circum. | Area, | Diam.) Circum. | Area. f Diam.| Circum. | Area. 


87% | 276,067 | 6064.91 92. 289.027 | 6647.689614 | 301.986 | 7257.1 
“ 289.419 | 6665.7 Ms 302.378 \ 7276.0 


1% ; : 

14 | 277.246 | 6116.7 290.205 | 6701.9 e 303.164 
8% | 277.638 | 6134.1 290.597 | 6720.1 303.556 
278.031 | 6161.4 290.990 | 6738.28 4 | 303.949 
278.424 | 6168.8 291.383 | 6756.49 7% | 304.842 

84 | 278.816 | 6186.2 291.775 | 6774.79 97 304.7; 
Y% | 279.209 | 6203.79 98 292.168 | 6792.98 44 | 305.127 
89 279.602 | 6221.1 292.561 | 6811.28 44 | 305.520 
279.994 | 6238.6 292.954 | 6829.5 8% | 305.913 
280.387 | 6256.1 293.346 | 6847.8 306.305 
280.780 | 6273.7 293.739 | 6866.1 306. 698 
281.173 | 6291.2 294.132 | 6884.5 4 | 807.091 
5 a 9] % | 307.488 
281.958 | 6326.4 294.917 | 6921.39 98 307.876 
282.351 | 6344.19 94 295.310 | 6939.8 308.269 
90 282.743 | 6361.7 295.702 | 6958.21 44 | 308.661 
283.136 | 6379.4 296.095 | 6976.7 309.054 
283.529 | 6397.1 296.488 | 6995.3 309.447 
283.921 | 6414.9 296.881 | 7013.8 309.840 
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288.634 | 6629.6996. | 301.593 | 7238.2 


DECIMALS OF A FOOT EQUIVALENT TO INCHES 
AND FRACTIONS OF AN INCH. 


Inches. 0 ¥% 4% 364 % 56 4 % 


.01042 | .02083 | .03125 | .04167 | .05208 | .06250 | .o7292 
41 1250 : 
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116 MATHEMATICAL TABLES. 


AREAS OF THE SEGMENTS OF A CIRCLE. 


(Diameter = 15 Rise or melee in parts of Diameter being 
given.) 

Rute For Use or THE TABLE. —Divide the rise or height of the segment by 
the diameter. Multiply the area in the table corresponding to the quotient 
thus found by the square of the diameter. 

If the segment exceeds a semicircle its area is area of circle — area of seg- 
ment whose rise is (diam. of circle — rise of given segment) 

Given chord and rise, to find diameter. Diam = (square of half chord + 

-rise) + rise The half chord is a mean proportional between the two parts 
into which the chord divides the diameter which 1s perpendicular to 1t. 


Rise Rise Rise Rise Rise 
Cte Area, > Area, ae Area. oe Area. ~ Area, + 
Diam. Diam. Diam. Diam Diam. 


3 O15E : 4 , 5 Septal nes . ; 
-053 | .01601 |! .106 } .04452 || .159 | .08038 |: .212 | .12153 || .265 | .16666 


¢- 


AREAS OF THE SEGMENTS OF A CIRCLE. T1¥ 


Rise ise Rise Rise 
Area Soe Area, ae Area. at Area oi Area. 
iam, Diam. Diam 


-16843 “314 ‘21108 || '361 | {25551 |] 1408 | 130192 || “455 | “34776 
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MATHEMATICAL TABLES, 


SPHERES. 


(Some errors of 1 in the last figure only. From TRAUTWINE.) 


A Sur- | Vol- . Sur- | Vol- . Sur- | Vol- 
Diam.| free. | ume. | Di@™-| face, | ume. | P!®™-| face. | ume. 
-32 .00807| .00002% 3 83.183 | 17.974 9 4% 306.36 | 504.21 
ia .01227| 00013 Bid 84.472 | 19.031 10: % 314.16 | 523.60 
3-32 .02761} 00043 36 85.784 | 20.129 1g | 322.06 | 543,48 
4% .04909} .00102 7-16 | 37.122 | 21.268 14 | 330.06 | 563.86 
5-32 .07670} .00200 1 | 88.484 | 22. 449 84 338.16 | 584.74 
3-16 .11045} = .00345 9-16 | 39.872 | 23.674 2 346.36 | 606.13 
9-382 .15083} .00548 o% 41.288 | 24.942 5g | 354.66 | 628.04 
Y% .19635} 00818 11-16 | 42.719 | 26.254 34 | 363.05 | 650.46 
9-38 .24851| .01165 34 44.179 | 27.611 iB 371.54 | 673.42 
5-16 .80680} .01598 13-16 | 45.664 | 29.016 bh 380.13 | 696.91 
11-32 .8¢123), ,02127 % | 47.178 | 80.466 1g | 388.83 | 720.95 
34 -44179| .02761 15-16 | 48.708 | 31.965 4 | 397.61 | 745.51 
13-32 .51848) 03511 . 50.265 | 38.510 iy 406.49 | 770.64 
7-16 .60132) .04385 1g | 53.456 | 36.751 415.48 | 796.33 
15-32 .69028) .05393 14 | 56.745 | 40.195 424.50 | 822.58 
.78540) .06545 3 60.183 | 48.847 34 | 433.73 | 849.40 
9-16 -99403} .09319 63.617 7.713 % 443.01 | 876.79 
1.2272 .12782 67.201 | 51.801 bet 452.39 | 904.78 
11-16 | 1.4849 .17014 34 | 70.883 | 56.116 1% | 471.44 | 962.52 
34 | 1.7671 -22089 % | 74.663 | 60.668 490.87 |1022.7 
13-46 2.0739 -280849 5. 78.540 | 65.450 4 | 510.71 |1085.3 
y 2.4053 .85077 1g | 82.516 | 70.482 13. 530.93 |1150.3 
48 2.7611 .48143 4 | 86.591 | 75.767 14 | 551.55 |1218.0 
1. 3.1416 . 52360 8g | 90.763 | 81.808 iy 572.55 |1288.3 
1-16 | 3.5466 ~62804 1 | 95.033 | 87.113 34 | 593.95 |1361.2 
¥g | 3.9761 - 74551 5% | 99.401 | 93.189 14. 615.75 |1436.8 
3-16 | 4.4301 .87681 4 103.87 99.541 1j | 687.95 |1515.1 
* Y% | 4.9088 | 1.0227 % 108.44 106,18 ie 660.52 |1596.3 
5-46 5.4119 | 1.1839 6. 113.10 113.10 34 | 683.49 |1680.3 
5.9396 | 1.3611 Vg |117.8? 120.31 15. 706.85 |1767.2 
740 6.4919 | 1.5553 1 122.72 127.83 4 | 730.63 |1857.0 
7.0686 | 1.7671 ‘4 127.68 135.66 Wy | 754.77 |1949.8 
9-1 7.6699 | 1.9974 132.78 143.79 34 | 179.32 |2045.7 
8.2957 | 2.2468 187.89 152.25 16. 804.25 |2144.7 
11-1 8.9461 | 2.5161 #4 143.14 161.03 4 | 829.57 |2246.8 
9.6211 | 2.8062 % |148.49 170.14 94 855.29 |2852.1 
13-44 10.321 3.1177 7. 153.94 179.59 34 | 881.42 |2460.6 
% |11.044 3.4514 Vg |159.49 189.39 0G 907.98 |2572.4 | 
15-16 {11.793 38,8083 . Y |165.18 199.53 4 | 934.83 |2687.6 
is 12.566 4.1888 iy 170.87 210.03 4 | 962.12 |2806.2 
1-16 |13.364 4.5929 176.71 220.89 34 | 989.80 |2928.2 
Vg 14.186 | 5.0243 4 182.66 232.13 18. J017.9 |3053.6 
8-16 |15.033 5.4809 #4 188.69 243.73 4% | 1046.4 |3182.6 
4 15.904 5.9641 % 194.83 255.72 res 1075.2 |8815.3 
5-16 |16.800 6.4751 8. 201.06 268.08 34 | 1104.5 (3451.5 
#6 17.721 7.0144 207.39 280.85 19. 1134.1 |38591,4 
7-16 |18.666 7.5829 213.82 294.01 14 | 1164.2 |8735.0 
¥% |19.635 8.1813 $2 220.36 307.58 ig 1194.6 |3882.5 
9-16 |20.629 8.8108 26.98 321.56 34 | 1225.4 |4033.7 
26 21.648 9.4708 238.71 835.95 20. 1256-7 [4188.8 
11-16 |22.691 10.164 240.53 350.77 , 44 | 1288.3 |4347.8, 
34 23.758 10.889 % 247.45 360.02 ¥é | 1320.3 |4510.9 
18-16 |24.850 | 11.649 9. 254.47 | 381.70 34 | 1852.7 |4677.9 
Y |\25.967 12.443 YZ |261.59 | 397.83 21. 1385.5 |4849.1 
15-16 |27.109 18.272 V4 |268.81 414.41 YY | 1418.6 |6024.3 
. 28.274 14.137 4 270.12 431.44 g 1452.2 |5203.7 
1-16 |29.465 15.0389 283.53 448 .92 34 | 1486.2 |5387.4 
680 15.979 291.04 466.87 22. 1520.5 |5575.3 
8-16 181.919 | 16.957 34 1298.65 | 485,31 Y% | 1555.3 |5767.6 


' SPHERES. 


SPHERES—(Continued.) 


Sur- 


Vol- . Vol- . 
Diam. | face, ume. | Pi@™-| face, | ume | Diam 
me 22 1596.4 | 5964.1 40 14 | 5153.1 | 34788 70 % 
2 4 | 1626.0 | 6165.2 41. 5281.1 36087 71. 
. | 1661.9 | 6370.6 14 | 5410.7 | 37408 % 
14 | 1698.2 | 6580.6 e 5541.9 88792 Wy 
1735.0 | 6795.2 4% | 5674.5 | 40194 \% 
4 | 1772.1-| 7014.3 43. 5808.8 41630 73. 
- 1809.6 | 7238.2 ¥ | 5944.7 43099 ¥% 
Y% | 1847.5 7466. uf 44. 6082.1 44602 74. 
44 | 1885.8 | 770071 1 | 6221.2] 46141 , 
34 | 1924.4 7938.3 45. 6361.7 47713 5. 
. ~ | 1963/5 | 8181.8 1% | 6503.9 | 49321 ¥% 
Y | 2002.9 | 8429.2 46. 6647.6 50965 76. 
2042.8 | 8682.0 ¥% | 6792.9 52645 % 
4 | 2083.0 | 8939.9 47. 6939.9 54862 aie 
. ~ | 21287 | 920218 4% | 7088.3] 56115 16 
1 | 2164.7 | 9470.8 48. 7288.3 57906 78. 
% | 2206.2 | 9744.0 14 | 738919 | 59734 VG 
34 | 2248.0 10022 49. 7543.1 61601 79. 
- 2290.2 10306 % | 7697.7 63506 4% 
Y% | 2332.8 10595 50. 7854.0 65450 80. 
tg | 2375.8 | 10889 ¥% | 8011.8] 67438 1g 
34 | 2419.2 11189 5t. 8171.2 69456 81. 
. ~~ | 2483°0 | 11494 14 | 8332.3 | 71519 % 
4% | 2507.2 11805 52. 8494.8 (3622 82. 
is 2551.8 | 12121 44 | 8658.9 | 75767 % 
4 | 2596.7 12443 53. 8824.8 V7952 83. 
a 2642.1 12770 ¥% | 8992.0 80178 % 
14 | 2687.8 | 13103 54. 9160.8 82448 84. 
2784.0 | 13442 4% | 9331.2 | 84760 % 
4 | 2780.5 13787 55: 9503.2} 87114 85. 
r 2827.4 14137 ¥% | 9676.8 | 89511 % 
14 | 2874.8 14494 56. 9852.0 | 91958 86. 
2922.5 14856 yy 10029 94438 ¥% 
4 | 2970.6 15224 Liye | 10207 96967 87. 
‘ 8019.1 15599 % 10387 | 99541 % 
% | 8068.0 15979 58. 10568 | 102161 88. 
3117.3 16366 % 10751 | 104826 % 
4 | 3166.9 16758 59. 10936 | 107536 89. 
S 3217.0 17157 % 11122 | 110294 ¥% 
14 | 8267. 17563 60. 11310 | 113098 90. 
3318.3 1797 % 11499 | 115949 ¥% 
| 84 | 3369.6 18392 61. 11690 | 118847 oF; 
~~ | 3491.2 | 18817 44] 11882 | 121794 % 
% | 3478.3 19248 62. 12076 | 124789 92. 
44 | 3525.7 | 19685 44 | 12972 | 127889 % 
84 | 8578,5 20129 63. 12469 | 180925 93 
4 3631.7 | 20580 1% | 12668 | 134007 % 
| 3685.3 210387 64. 12868 | 137259 94. 
% 739.3 21501 % 13070 | 140501 % 
4 3848.5 22449 65. 13273 | 148794 95.- 
1% | 3959.2 23425 % 1347 147138 4 
36. 4071.5 24429 66. 13685 | 1505383 96. 
1 | 4185.5 | 25461 44 | 13893 | 158080 % 
BT. 4300.9 | 26522 — 67. 14103 | 157480 97. 
1 | 4417.9 27612 % 14314 | 161032 ay 
8. 4536.5 | 28731 68. 14527 | 164637 98. 
36 | 4656.7 | 29880 46} 14741 | 169295 % 
a. 4778.4 | 31059 | 69. 14957 | 172007 99. 
¥% | 49017 | 32270 1g | 315175 | 175774 % 
5 5026.5 | 383510 § 70. 15394 | 179595 9100. 
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CONTENTS IN CUBIC FEET AND JU. S. GALLONS OF 
PIPES AND CYLINDERS OF VARIOUS DIAMETERS 
AND ONE FOOT IN LENGTH. 


1 gallon = 281 cubic inches. 1 cubic foot = 7.4805 gallons. 


For 1 Footin For 1 Foot in For 1 Foot in 
# Length. A Length. A Length. 
rv hoe Ke 
on on 2 nD 
33 louvic rt.| U-8: | 32 |cubic rt.| U-8: | SS louvic rt.) US 

° > Gals., go ‘ Gals., =i) Gals., 

8 q jalso Area! “991 Ete] also Area 931 Ee also Area 231 
Br jin Sa. Ft-log'in. JB f@ 84 Fel cum. J a ft Sa. Fe) cu to, 

Y 0003 0025 634 2485 1.859 § 19 1.969 14.7 

5-16 0005 004 7 2673 1,999 19144 2,074 15.51 

0008 0057 WG 2867 2.145 20 2.182 16.32 

7-16 001 0078 3068 2.295 2014 2.292 17.15 

0014 0102 934 3276 2.45 21 2.405 17.99 

9-16 0017 0129 8 8491 2.611 215 2.521 18.86, 

0021 0159 814 3712 2.777 22) 2.640 19.75 

11-16 0026 0193 8941 2.948 2216 2.761 20.66 

4, 008 1 0280 834 A176 3.125 ‘ 2.885 21.58 
13-16 0036 0269 4418 3.805 2316 3.012 22. 

y 0042 ; 0312 914 4667 3.491 24 3.142 23.50 
15-16 0048 0359 4922 3.682 25 3.409 25.50 
1 0055 0408 934 5185 3.879 26 3.687 27.58 
14% 0085 0638 0 5454 4.08 27 3.97 29.74 
1 0123 0918 § 1044 5730 4.286 ff 28 4.2% 31.99 
1% 0167 1249 § 10: 6013 4,498 f 29 4,587 84.31 

0218 1682 | 1034 -6303 4.715 30 4,909 36.72 

214 .0276 2066 66 4,937 81 5.241 39.21 
2 1 2550 § 11144 .6903 5.164 82 5.585 41.78 
234 0412 3085 9 11 4213 5,396 33 5,940 44.43 
3 0491 3672 ff 1134 «7530 5.633 9 34 6.305 47.16 
314 0576 -4809 f 12 7854 5.875 35 6.681 49.98 
ate 0668 4998 1246 18522 6.375 86 7.069 52.88. 
334 0767 5738 13 £9218 6.895 37 7.467 55.86 
4 0873 6528 F 131g -994 7.436 9 38 87 58.92 
44 0985 7369 9 14 1,069 7.997 ff 39 8.296 62.06 
4 »1104 8268 § 1416 1147 8.578 40 8.727 65.28 
434 1231 9206 9 15 1.227 9.180 41 9.168 68.58 
5 1364 1.020 1546 1,310 9.801 42 9,621 71.97 
54 15038 | 1.125 1.396 10.44 43 10.085 75.64 
oe 1650 1.284 1644 1.485. 11.11 44 10.559 78.99 
4, 1803 1.349 17 1.576 11.79 45 11.045 82.62 

6 1963 1.469 17% 1.670 12.49 46 11.541 86.23 
614 2131 1.594 18 1.768 13.22 47 12.048 90.13 
64% 2304 1,724 1814 1.867 13.96 48 12.566 94.00 


To find the capacity of pipes greater than the largest given in the table; 
look in the table for a pipe of one half the given size, and multiply its capac 
ity by 4; or one of one third its size, and multiply its capacity by 9, ete. 

To find the weight of water in any of the given sizes multiply the capacit; 
in cubic feet by 6214 or the gallons by 8%, or, if a closer approximation is 
ee’ by the weight of a cubic foot of water at the actual temperature i 
the pipe. 

ivan the dimensions of a cylinder in inches, to find its capacity in U. 8. 
gallons: Square the diameter, multiply by the length and by .0034. If d = 
d? x .7854 Xx 1 


diameter, 1 = length, gallons = 281 = .0034d2l, If Dand Larei 


feet, gallons = 5.875D?L. 


Diameter i 


CAPACITY OF CYLINDRIOAL VESSELS. 


1 gallon = 231 cubie inches = 


1 cubic foot 
7.4805 
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| CYLINDRICAL VESSELS, TANKS, CISTERNS, ETC. 


n Feet and Inches, Area’ in Square Feet, and 
» S. Gallons Capacity for One Foot in Depth. 


= 0.13368 cubic feet. 
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GALLONS AND CUBIC FEET. 


United States Gallons in a given Number of Cubic Feet, 
1 cubic foot = 7.480519 U. S. gallons; 1 gallon = 231 cu. in. = .13868056 cu. ft. 


Cubic Ft. | Gallons, Cubie Ft. | Gallons. Cubic Ft. Gallons. 


0.1 0.75 50 374.0 8,000 59,844.2 
02 1.50 60 448.8 9,000 67.324.7 
0.3 2124 70 523.6 10,000 74.805.2 
0.4 2.99 80 598.4 20,000 149:610.4 
0.5 3.74 90 673.2 30,000 224'415.6 
0.6 4.49 748.0 40,000 299 220.8 
0.7 5.24 1,496.1 50,000 374,025.9 
08 5.98 300 2244.2 60,000 831, 
0.9 6.73 400 2'992/2 70,000 523,636.83 
1 7.48 500 3,740.3 80,000 598,441.5 
2 14.96 600 4,488.3 90,000 673,246.7 
3 22.44 700 - 5,236.4 100,000 748,051.9 
4 29.92 800 5,984.4 200/000 | 1,496'103.8._ 
5 37.40 900 6,732.5 300,000 | 21244°155.7 
6 44.88 1,000 7,480.5 400,000 | 2.992'207.6 
7 52.36 2,000 14,961.0 500,000 | 3,740,259.5 
8 59.84 3,000 22°441.6 600,000 | 4.488°311.4 
9 67.32 4,000 29,9221 700,000 | 5,236/363.3 
10 74.80 5,000 37,402.6 8001000 | 5,984,415.2 
20 149.6 6,000 44,883.1 900;000 | 6,732,467.1 
30 224.4 7,000 52,363.6 ff 1,000,000 | 7,480,519.0 
40 299.2 


Cubic Feet in a given Number of Gallons. 


Gallons. | Cubic Ft. Gallons. | Cubic Ft. Gallons. Cubic Ft. — 


1 134 1,000 133,681 1,000,000 33,680.6 
2 267 2,000 267.361 2,000,000 267,361.1 
3 401 3,000 401.042 3,000,000 401,041.7 
4 535 4,000 534,722 4,000,000 534,722.2 
5 -668 5,000 668.403 5,000,000 668,402.8 
6 802 6,000 802.083 6,000,000 802,083.3 
7 936 7,000 935.764 7,000,000 935,763.9 
8 1.069 8,000 1,069.444 8,000,000 1,069,444.4 
9 1.203 9,000 1,203,125 9,000,000 1,208,125 q 
10 1.337 10,000 1,336.806 10,000,000 1,336,805. 


NUMBER OF SQUARE FEET IN PLATES. 123 


NUMBER OF SQUARE FEET IN PLATES 3 TO 32 
FEET LONG, AND 1 INCH WIDE. 


For other widths, multiply by the width in inches. 1 sq. in, = .0069$ sq. ft. 


Ft. and Ft. and| Ft. and 
Ins. | Square Ins. uare Ins. uare 
_ In. = Ins. Ins. 
ong. Long. ; Feet. Long. Long. ‘eet. Long. Long. ‘eet. 
0 25 7.10 94 6528 12.8} 152 1.056 
1 2569 il 95 6597 9 53 1.063 
re -2639 8.0 96 -6667 10 | 154 1.069 
3 «2708 1 ‘7 -6736 at 155 1.076 
4 2778 2 98 -6806 18.0] 156 1.083 
5 -2847 3 99 -6875 1 157 1.09 
6 -2917 4 | 100 .6944 2] 158 1.097 
va -2986 5 | 101 -7014 3| 159 1.104 
8 3056 6 | 102 aa 4/ 160 1.114 
Bee +3125 7 | 103 -7153 - 5] 161 1.118 
10 3194 8 | 104 7222 6| 162 1.125 
il 3264 9 | 105 - 7292 7 | 163 1.132 
0 «3333 10 | 106 - 7361 8} 164 1.139 
aed -3403 11 | 107 7431 9} 165 1.146 
2 3472 9.0 | 108 «75 10] 166 1.158 
3 «3542 1 | 109 «7569 11} 167 1.159 
4 3611 2 | 110 -7639 14.0] 168 1.167 
PS 3681 3 | 111 -7708 1] 169 1.174 
a's 375 4 | 112 -7778 2] 170 1.181 
ag -3819 5 | 113 -7847 3] 171 1.188 
68 «3889 6 lid THT 4) Ti2 1.194 
9 3958 7 | 115 -7986 5] 173 1.201 
10 4028 8 | 116 ¥ 6 174 1.208 
11 -4097 9 | 117 -8125 7 | 1% 1.215 
0 -4167 10 | 118 -8194 8 176 1.222 
nig | ‘ 11 | 119 8264 9} 177 1.229 
a4 48 10.0 120 -8333 10 | 178 1.236 
3 4375 1 | 121 -8403 11] 179 1.243 
4 a 2 | 122 .8472 15.0} 180 1.25 
a5 -4514 3 | 123 -8542 1 181 1.257 
6 ~4583 4 124 -8611 2] 18 1.264 
7 -4653 5 | 125 -8681 3] 183 1.271 
8 4722 6 | 126 875 4| 184 1.278 
2 -4792 7 | 127 -8819 5 | 185 1.285 
610 -4861 8 } 128 8889 6 | 186 1.292 
il 4931 9 | 129 .8958 7| 187 1.299 
0 sh 10 | 130 -9028 8 | 188 Lo 
a1 5069 il 131 9] 189 1.313 
2 5139 11.0 | 132 -9167 10} 190 1.319 
E32 -5208 1 | 133 9236 11} 191 1.326 
p44 5278 2 | 134 -9306 16.0 | 192 1.333 
5 .5347 3 | 135 -9375 1] 193 1.34 
6 -5417 4 | 136 -9444 2] 194 1.347 
hee -5486 5 | 187 .9514 3{ 195 1.354 
8 -5556 6 | 138 9583 4} 196 TY 361 
9] 5625 7 | 139 9653 5] 197 1.368 
10 5694 8 | 140 «9722 6} 198 1.875 
11 -5764 9 | 141 . 9792 7] 199 1.382 
. 0 84 5834 10 | 142 -9861 8] 200 1.389 
1 85 -5903 11 | 143 -9931 9} 201 1.396 
€) 86 -5972 12.0 | 144 1.000 10 | 202 1.403 
8 87 - 6042 1 145 1.007 11 | 203 1.41 
4 8s 6111 2 | 146 1.014° 17.0} 204 1.417 
ah 89 -6181 3 | 147 1.021 1} 205 1.424 
6 90 625 4 | 148 1.028 2} 206 1.431 
s 4 91 -6319 5 | 149 1.035 3 | 207 1.438 
. 8 92 -6389 6 | 150 1.042 4} 208 1.444 
9 93 -6458 7 | 151 1.049 5 | 209 1.451 
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MATHEMATICAL TABLES. 


NUMBER OF BARRELS (31 1-2 GALLONS) IN 
CISTERNS AND TANKS, 


~ 


1 Barrel = 3144 gallons = RAS 4,21094 cubic feet. Reciprocal = .237477, 
Depth Diameter in Feet. 
in 
Reet 5 6| 7]{ 8 |9 | 10] 1 | 12 | 18 | 24 
I 4.663 Hf eas 9.139}11.937}15.108 Mh 652) 22.569) 26.859) 31.522|36.557 
5 23.3 3.6 | 45.7 | 59.7 | 75.5 | 98.3 | 112.8 | 184.3 | 157.6 | 182.8 
6 28.0 to 54.8 | 71.6 | 90.6 rib 9 | 135.4 | 161.2 | 189.1 | 219.3 
q 32.6 | 47.0 | 64.0 | 83.6 |105.8 |130.6 | 158.0 | 188.0 | 220.7 | 255.9 
8 87.3 | 58.7 | 7.1} 95.5 |120.9 1149.2 | 180.6 | 214.9 | 252.2 | 292.8 
9 42.0 | 60.4 | 82.3 |107.4 |136.0 |167.9 ; 208.1 | 241.7 | 288.7 | 329.0 
10 46.6 | 67.1 | 91.4 |119.4 |151.1 |186.5 | 225.7 | 268.6 | 315.2 | 365.6 
11 51.3 | 78.9 |100.5 |131.3 |166.2 |205.2 | 248 3 | 295.4 | 346.7 | 402.1 
12 56.0 | 80.6 {109.7 |148.2 |181.3 |223.8 | 270.8 | 322.3 | 378.3 | 438.7 
13 60.6 | 87.3 |118.8 |155.2 |196.4 |242.5 | 293.4 | 349.2 | 409.8 15.2 
14 65.3 | 94.0 /127.9 |167.1 }211.5 [261.1 | 316.0 | 376.0 | 441.3 | 511.8 
15 69.9 (100.7 |187.1 |179.1 |226.6 |289.8 | 888.5 | 402.9 | 472.8 | 548.4 
16 74.6 |107.4 |146.2 |191.0 |241.7 |298.4 | 361.1 | 429.7 | 504.4 | 584.9 
17 79.3 (114.1 |155.4 |202.9 (256.8 |317.1 | 383.7 | 456.6 | 535.9 | 621.5 
18 83.9 |120.9 |164.5 |214.9 |271.9 1835.7 | 406.2 | 483.5 | 567.4 | 658.0 
19 88.6 127.6 1178.6 |226.8 /287.1 |854.4 | 428.8 | 510.3 | 598.9 | 694.6 
20 93 8 1134.3 |182.8 [238.7 |802.2 1373.0 | 451.4 | 587.2 | 630.4 | 731.1 
Depth Diameter in Feet, 
in 
Most: HS gg! 16 ta)! asks AO0 |e 86, a1 | 22 
1 41.966) 47.748) 53.903] 60.431] 67.332) 74.606) 82.253} 90.273 
5 209.8 | 238.7 | 269.5 | 302.2 336.7 | 373.0] 411.3 451.4 
6 251.8 | 286.5 323.4 | 362.6 404.0 | 447.6] 493.5 541.6 
va 298.8 | 334.2 | 3877.3] 423.0 471,3 | 522.2 575.8 631.9 
a6 335.7 | 382.0 | 481.2] 483.4 538.7 596.8 | 658.0 722.2 
9 877.7 | 429.7 | 4851 543.9 606.0 | 671.5 740.3 812.5 
10 419.7 | 477.5 539.0 604.3 673.3 | 746.1 822.5 902.7 
11 461.6 | 525.2 592.9 | 664.7 | 740.7 | 820.7] 904.8 993.0 
12 503.6 | 573.0 646.8 | 725.2 808.0 | 895.3 987.0 1083.3 
13 545.6 | 620.7 | 700.7] 785.6] 875.8 | 969.9 | 1069.8 | 1178.5 
14 587.5 | 668.5 | 754.6] 846.0] 942.6 | 1044.5 | 1151.5 1263.8 
15 629.5 | 716.2 | 808.5 | 906.5 | 1010.0 | 1119.1 | 1238.8 | 1354.1 
16 671.5 | 764.0 | 862.4 966.9 | 1077.3 | 1193.7 | 1316.0 1444.4 
17 713.4 | 811.7 | 916.4 | 1027.3 | 1144.6 | 1268.3 | 1398.3 1534.5 
18 755.4 | 859.5 | 970.3 | 1087.8 | 1212.0 | 1342.9 | 1480.6 | 1624:9 
19 "97.4 | 907.2 | 1024.2 | 1148.2 | 1279.8 | 1417.5 | 1562.8 | 1715.2 
20 839.3 | 955.0 | 1078.1 | 1208.6 | 1846.6 | 1492.1 | 1645.1 1805.5 
— 


LOGARITHMS. 12? 


NUMBER OF BARRELS (31 1-2 GALLONS) IN 
CISTERNS AND TANKS.—Continued. 


SEG a a LR area 
Depth Diameter in Feet. 


1 98.666] 107.432] 116.571] 126.083] 135.968) 146.226 157.858} 167.863 
5 493.3 | 537.2] 582.9] 630.4 | 679.8| 731.1 | 7984/3 839.3 
6 592.0 | 644.6] 699.4] 756.5] 815.8] 877.4 941.1 | 1007.2 
4 951.8 


690.7 | 752.0} 816.0] 882.6 6 ( 3 
789.3 | 859.5 | 932.6 | 1008.7 | 1087.7 | 1169.8 1254.9 | 1842.9 


9 888.0 | 966.9 | 1049.1 | 1134.7 | 1293.7 | 1316.0 1411.7 | 1510.8 
10 986.7 | 1074.3 | 1165.7 | 1260.8 | 1359.7 | 1462.2 1568.6 | 1678.6 
11 1085.3 | 1181.8 | 1282.3 | 1886.9 | 1495.6 | 1608.5 1725.4 | 1846.5 
12 1184.0 | 1289.2 | 1398.8 | 1513.0 | 1631.6 | 1754°7 1882.3 | 2014.4 
13 1282.7.| 1896.6 | 1515.4 | 1639.1-| 1767.6 | 1900.9 2039.2 | 2182.2 


14 1381.3 | 1504 0 | 1632.0 | 1765.2 | 1903.6 | 2047.2 2196.0 | 2850.1 
15 1480.0 | 1611.5 | 1748.6 | 1891.2 | 2039.5 | 2193/4 2352.9 | 2517.9 
16 1578.7 | 1718.9 | 1865.1 | 2017.3 | 2175.5 | 2339.6 2509.7 | 2685.8 
17 1677.3 | 1826.3 | 1981.7 | 2143.4 | 2311.5 | 2485.8 2666.6 | 2853.7 
18 1776.0 | 1933.8 | 2098.8 | 2269.5 | 2447.4 | 2632/0 2823.4 | 3021.5 


19 1874.7 | 2041.2 | 2214.8 | 2395.6 | 2583.4 | 2778.3 2980.3 | 8189.4 
20 1973.3 | 2148.6 | 2821.4 | 2521.7 | 2719.4 | 2904°5 8187.2 | 3357.3 
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LOGARITHMS, 


Logarithms (abbreviation log).—The log of a number is the exponent 
of the power to which it is necessary to raise a fixed number to produce the 
_ given number, The fixed number is called the base. Thus if the base is 10, 

the log of 1000 is 3, for 103 = 1000. There are two systems of logs in general 
use, the common, in which the base is 10, and the Naperian, or hyperbolic, 
in which the base is 2.718281828.... The Naperian base is commonly de- 


_ Noted by e, as in the equation eY = x, in which y is the Nap. log of 2, 

In any system of logs, the log of 1 is 0; the log of the base, taken in that 
System, is 1. In any system the base of which is greater than 1, the logs of 
all numbers greater than 1 are positive and the logs of all numbers less than 
- 1 are negative. 

_ The modulus of any system is equal to the reciprocal of the Naperian log 
of the base of that system, The modulus of the Naperian system is 1, that 


found. Thus the c’ mbers from 1 to 9,99 + is 0, from 10 to 


99,99-{ is 1, from m .1 to .99+ is = 1, from .01 to 099 
is— Ae ete.’ Thus z + 


log of 2000 is 3.30108; logof .2is— 1.301083 

set 200: “* 2.30103; “ete 02 © — 2.30108; 

se se 20 * 1.30108; CRG ee 3.30108; 
are 2 “ 0.30103; “ ** £0002 ** — 4.30103, 


“3 
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The minus sign is frequently written above the characteristic thus: 
log .002 = 3.30103. The characteristic only is negative, the decimal part, or 
mantissa, being always positive. 

When a log consists of a negative index and a positive mantissa, it isusual 
to write the negative sign over the index, or else to add 10 to the index, and 
to indieate the subtraction of 10 from the resulting logarithm. 

Thus log .2 = 7.30103, and this may be written 9.30103 — 10. 

In tables of logarithmic sines, etc., the — 10 is generally omitted, as being 
understood. 

Rules for use of the table of Logarithms.—To find the 
log of any whole number.—For 1 to 100 inclusive the log is given 
complete in the small table on page 129. 

For 100 to 999 inclusive the decimal part of the log is given opposite the 
given number in the column headed 0 in the table (including the two figures 
to the left, making six figures). Prefix the characteristic, or index, 2. 

For 1000 to 9999 inclusive: The last four figures of the log are found 
opposite the first three figures of the given number and in the vertical 
column headed with the fourth figure of the given number ; prefix the two 
figures under column 0, and the index, which is 3. * 

For numbers over 10,000 having five or more digits: Find the decimal part 
pf the log for the first four digits as above, multiply the difference figure 
in the last column by the remaining digit or digits, and divide by 10 if there 
be only one digit more, by 100 if there be two more, and so on; add the | 

otient to the log of the first four digits and prefix the index, which is 4 
if there are five digits, 5 if there are six digits, and soon. The table of pro- 
portional parts may be used, as shown below. 

To find the log of a decimal fraction or of a whole 
number and a decimal,.—First find the log of the quantity as if there 
were no decimal point, then prefix the index according to rule ; the index is 
one less than the number of figures to the left of the decimal point. 

Required log of 3.141593. 


~ i Bs of eo akan Diff. = 138 
m proportion — 
From proportional parts = 5 = 690, 
= = S 003 = O41 


log 3.141593 0.4971498 


To find the number corresponding to a given log.—Find 
in the table the log nearest to the decimal part of the given log and take the 
first four digits of the required number from the column N and the top or 
foot of the column containing the log which is the next less than the given 
log. To find the 5th and 6th digits subtract the log in the table from the 

iven log, multiply the difference by 100, and divide by the figure in the 

iff. column opposite the log ; annex the quotient to the four digits already 
found, and place the decimal point according to the rule ; the number ef 
figures to the left of the decimal point is one greater than the index, 


+» 0.497150 
- 497068 


Diff. = 8&2 
Tabular diff. = 138; 82 -<- 188 = .59 + 


The index being 0, the number is therefore 8.14159 +-. , 

To multiply two numbers by the use of logarithms.— 
oe together the logs of the two numbers, and find the number whose log 
is the sum. 

To divide two numbers.—Subiract the log of the divisor from 
the log of the dividend, and find the number whose log is the difference, 

Wo raise a number to any given power.—Multiply the log of 
the mabe by the exponent of the power, and find the number whose log is 
the product. 

To find any root of a given number,—Divide the log of the 
pumber by the index of the root. The quotient is the log of the root, 

To find the reciprocal of a number.-—Subtract the decimal 
part of the log of the number from 0, add 1 to the index and change the sign 
of the index, The result is the log of the reciprocal, 


Find number corresponding to the log.... 
Next lowest log in table corresponds to 3) 
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000000 1301 2166 
4321 5609 6466 
8600 2 9876 

0724 

012837 4100 4940 
7033 8284 | 87 9116 

021189 2428 3252 
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No: 110 L, 041.] 


0 1 2 3 4 


1787 | 2182 | 2576 | 2969 8755. | 4148 | 4540 | 4932 
5714 | 6105 | 6495 | 6885 7664 | 8053 | 8442 | 8830 
9606 |, 9993, |—___}___ ——— | ——__|—____|___ 
0766 D3 | 1538 | 1924 | 2309 | 2604 
4613 5378 | 5760 | 6142 | 6524 
8426 9185 | 9563 | 9942 |—— 
—— |—_—__|—___ 03: 

2206 82 | 2958 | 3333 | 3709 | 4088 
5953 5 | 6699 | 7071 | 7443 | 7815 


9668 |} ——)}—___|_ ————— 

0038 | 0407 | 0776 | 1145 | 1514 
2250 | 2617 | 2985 | 3352 |} 3718 | 4085 | 4451 } 4816 | 5ig2 
5912 | 6276 | 6640 | 7004 || 7368 | 7731 | 8094 | 8457 8819 
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134 LOGARITHMS OF NUMBERS. 


No. 150 L. 176.] 


co be CR | 7 
150 | 176091 6381 | 6670 | 6959 | 7248 7536 | 7825 | S113 
1| soz | 9264 | 9552 | 9839 Ree aa as We 
0126 || 0413 | 0699 | 0986 
2 | 181844 | 2129 | 2415 | 2700 | 2085 || s270 | 8555 | as39 
3 4975 | 5259 | 5542 | 5825 || 6108 | 6391 | 6674 
4| at 7808 | S084 | $306 | S617 || S028 9209 | 9490 
5 | 190382 | 0612 | 0892 | 1171 | 1451 || 1730 | 2010 | 2289 
6 | 3125 | 3403 | 3681 | 3959 | 4237 || 4514 | 4792 | 5089 
7) 5900 | 6176 | 6453 | 6729 | 7005 || 7281 | 7556 | 7832 
8| 8657 9206 | 9481 | 9755 || ees 
Bsr es be aS || 0029 | 0303 | 0577 
9 | 201397 | 1670 |.1943 | 2216 | 2488 || 2761 | 3033 | 3305 
160} 4120 | 4391 | 4663 | 4934 | 5204 || 5475 | S746 | 6016 
1| 6826 | 7096 | 7365 | 7634 | 7902 || 8173 8710 
2| 9515 | 9783 EeSeN I ee eee fe aera 
——| 0051 | 0819 | 0586 || 0853 | 1121 | 1388 
8 | 212188 | 2454 | 2720 | 2986 | 3252 |] 9518 | 8783 | 4049 
4| 4844 | 5109 | 5373 | 5688 | 5902 || 6166 | 6430 | 6604 
5 | 7484 | 9747 | 8010 | S273 | 8536 || 8798 | 9060 | 9323 
6 | 220108 | 0370 | 0631 | os92 | 1153 || 1414 | 16% | 1936 
7 | 2716 | 2976 | 3236 | 3496 | 3755 || 4015 | 4974 | 4533 
8| 5309 | 5568 | 5826 | 6084 | 6342 |! 6600 | 6858 | 7115 
9 | F887 | 8144 | 8100 | S657 | 8013 || 9170 | 9426 | 9682 


Diff. | 1 | 2 3 4 6 “f 8 9 

285 | 28.5] 57.0 85.5 114.0 171.0 | 199.5 | 228.0 | 256.5 
284 | BW.4] 56.8 85.2 113.6 170.4 | 198.8] 227.2 | 255.6 
283 | 28.3) 56.6 $4.9 113.2 169.8 | 198.1} 226.4 | 254.7 
282 | %.2{ 56.4 84.6 112.8 169.2} 197.4] 225.6 | 253.8 
281 | Bi} 56.2 $4.3 112 4 168.6 | 196.7] 224.8 | 252.9 
280 | 8.0) 56.0 84.0 112.0 168.0} 196.0 | 224.0 | 252.0 
279. | 27.9] 55.8 83.7 111.6 167.4} 195.3) 223.2 | 25111 
278 | 27.8) 55.6 83.4 111.2 166.8 | 194.6 | 222.4 | 250.2 
277 | 2.7) bb.4 83.1 110.8 166.2 | 193.9 | 221.6 | 249.3 
276 | 27.6] 55.2 &.8 110.4 165.6 | 193.2 | 220.8 | 248.4 
275 | 27.5] 55.0 82.5 110.0 165.0 | 192.5] 220.0 | 247.5 
274 | 27.4] 54.8 &.2 109.6 164.4] 191.8 | 219.2 | 246.6 
273 | 27.3) 54.6 81.9 109.2 163.8 | 191.1] 218.4 | 245.7 
272 | W.2) 54.4 81.6 108.8 163.2] 190.4} 217.6 | 244.8 
271 | 27.1) 54.2 81.3 108.4 162.6} 189.7} 216.8 | 243.9 
270 | 27.0] 54.0 81.0 108.0 162.0 | 189.0 | 216.0 | 243.0 
269 | 26.9] 53.8 80.7 107.6 161.4} 188.3 | 215.2 | 242.1 
268 | 26.8] 53.6 80.4 107.2 160.8 | 187.6] 214.4 | 241.2 
267 | 26.7] 53.4 80.1 106.8 160.2} 186.9| 213.6 | 240.3 
266 | 26.6] 53.2 79.8 106.4 159.6 | 186.2} 212.8 | 239.4 
265 | 26.5) 53.0 79.5 106.0 : 159.0 | 185.5 { 212.0 | 238.5 
264 | 26.4] 62.8 79.2 105.6 rd 158.4} 184.8] 211.2 | 237.6 
263 | 26.3) 52.6 78.9 105.2 & 157.8 | 184.1 | 210.4 | 236.7 
262 | 26.2] 52.4 78.6 104.8 157.2. | 183.4 | 209.6 | 235.8 
261 | 26.1] 52.2 78.3 104.4 | 130.5] 156.6 | 182.7 | 208.8 | 234.9 
260 | 26.0] 52.0 78.0 104.0} 130.0} 156.0} 182.0 | 208.0 | 234.0 
259 | 25.9) 5i.8 77.7 103.6} 129.5] 155.4 | 181.3] 207.2 | 233.1 
258 | 2.8] 51.6 77.4 103.2} 129.0} 154.8 206.4 | 232.2 
257 | 25.7] 51.4 77.1 102.8 | 128.5) 154.2} 179.9) 205.6 | 231.3 
256 | 25.6 | 51.2 76.8 102.4 | 128.0] 153.6 | 179.2 | 204.8 | 230/4 
255 | 25.5 | 51.0 76.5 102.0 | 127.5 204.0 | 229.5 
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136 LOGARITHMS OF NUMBERS, 


No. 190 L. 278.] [No. 214 L. 882, 


1 
2 
3 
4 
5 
6 
7 
8 
9 
200 
1 8196 | 8412 | 8628 | 8844 | 4059 || 4275 | 4491 | 4706 | 4921 | 5136} 216 
2 5351 | 5566 | 5781 | 5996 | 6211 || 6425 | 6689 | 6854 W282 | 215 |, 
3 7496 | 7710 | 7924 | 8187 | 8351 || 8564 | 8778 | 8991 | 9204 | 9417 | 213 
4 9680 | 9843 |——_— —_ —- —— 
| 0056 | 0268 | 0481 |) 0693 | 0906 | 1118 | 1830 | 1542] 212 
5 | 311754 | 1966 | 2177 | 2389 | 2600 || 2812 | 8028 | 8284 | 8445 | 3656} 211 
6 4289 | 4499 | 4710 || 4920 | 5180 | 5340 | 5551 | 5760 | 210 
% 5970 | 6180 | 6390 | 6599 | 6809-}| 7018 | 7227 | 7436 | 7646 | 7854 | 209 
8 8063 | 8272 | 8481 | 8689 | 8898 || 9106 | 9314 | 9522 | 9730 | 9938 | 208 
9 | 820146 | 0354 | 0562 | 0769 | 0977 || 1184 | 1391 | 1598 | 1805 | 2012 | 207 
210 2219 | 2426 | 2633 | 2839 | 8046 || 3252 | 8458 | 3665 | 3871 | 4077 
1 4282 | 4488 | 4694 | 4899 | 5105 || 5310 | 5516 | 5721 | 5926 | 6181 | 205 
2 6336 | 6541 | 6745 | 6950 | 7155 || 7359 | 7563 | 7767 | 7972 | 8176 
8 8583 | 8787 | 8991 | 9194 |} 9398 | 9601 ————|—__—— 
eee Ty) 0008 | 0211 | 203 
4 | 330414 | 0617 | 0819 | 1022 | 1225 || 1427 | 1630 | 1832 | 2034 | 2236 | 202 


Diff. | 1 2 3 4 5 6 ve 8 9 
225 | 22.5) 45.0 67.5 90.0 112.5 | 185.0 | 157.5 | 180.0 | 202.5 
224 | 22.4) 44.8 67.2 89.6 112.0 | 134.4 | 156.8 | 179.2 | 201.6 
223 | 22.3 | 44.6 66.9 89.2 111.5 | 183.8] 156.1] 1%8.4 | 200.7 
222 | 22.2) 44.4 66.6 88.8 111.0 | 133.2] 155.4 | 177.6 | 199.8 
224 | 22.1) 44.2 66.3 88.4 110.5 | 182.6 | 154.7} 176.8 | 198.9 
220 | 22.0 | 44.0 66.0 88.0 110.0 | 182.0 | 154.0] 176.0} 198.0 
219 1 21.9] 43.8 65.7 87.6 109.5 | 181.4) 153.8) 175.2] 197.1 
218 | 21.8 | 43.6 65.4 87.2 109.0 | 180.8} 152. 174.4 | 196.2 
27 | 21.7) 43.4 65.1 86.8 108.5 | 180.2} 151.9 | 178.6 | 195.3 |, 
216 | 21.6] 43.2 64.8 86.4 108.0 | 129.6; 151.2] 172.8 | 194.4 
215 | 21.5} 43.0 64.5 86.0 107.5 | 129.0} 150.5 | 172.0 | 193.5 
214 | 21.4| 42.8 64.2 85.6 107.0 | 128.4} 149.8} 171.2 6 
213 | 21.3] 42.6 63.9 85.2 106.5 | 127.8] 149.1 | 170.4 | 191.7 
212 | 21.2) 42.4 63.6 84.8 106.0] 127.2} 148.4] 169.6 | 190.8 
211 | 21.4 | 42.2 63.3 84.4 105.5 | 126.6 | 147.7 | 168.8 | 189.9 
210 | 21.0] 42.0 63.0 84.0 105.0 | 126.0] 147.0] 168.0 | 189.0 
209 | 20.9} 41.8 62.7 83.6 104.5] 125.4| 146.3] 167.2] 188.1 
20.8 | 41.6 62.4 83.2 104.0] 124.8} 145.6 | 166 4 | 187.2 
20.7 | 41.4 62.1 82.8 108.5 | 124.2) 144.9] 165.6 | 186.3 
20.6) 41.2 |. 61.8 82.4 103.0 | 128.6 | 144.2] 164.8 | 185.4 
20.5} 4.0 €1.5 82.0 102.5 | 1238.0] 143.5) 164.0 | 184.5 
20.4} 40.8 61.2 81.6 102.0 | 122.4] 142.8] 163.2 | 183.6 
20.3) 40.6 60.9 81 2 101.5 | 121.8} 142.1 | 162.4] 182.7 
20.2 | 40.4 60.6 80.8 101.0 | 121.2 | 141.4] 161.6 | 181, 
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No, 300 L. 47 
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LOGARITHMS OF NUMBERS, 141 
No. 340 1. 581,] [No. 879 L, 579, 
N. 0 1 1a) et em ie 6 | 6 | 7 8 | 9 | Dif. 
; 340 | 581479 | 1607 | 1734 | 1862 | 1990 || 2117 | 2245 | 2372 | 2500 | 2627 | 128 
| 11 2754 | 2882 3136 3391 | 3518 372 127 
2] 4026 | 4153 | 4280 4534 || 4661 | 4787 | 4914 | 5043 | 5167] 127 
3 | 6204 | 5421 | 5547 | 5074 5027 6180 6432 
4} 6558 | 6685 | 6811 | 6937 | 7063 || 7189 | 7315 | 7441 | v567 | 7693 | 196 
5 | 7819} 7945 | so7i | 8197 | 9322 8574 | 8699 126 
| 6] 9076 | 9202 | 9327 9578 || 9703 | 9829 | 9954 |__| 
——|— —|—_-|___|___|__}_ | 9979 | o204| 125 
"| 7] 540829 0580 | 0705 1080 | 1205 | 1330 | 1454 
8| 1579 | 1704 | 1829 | 1953 | 2078 || 2203 | § 2452 | 2576 | 2701 | 125 
9} 2825 | 2950 | 3074 | 3199 | 3323 || 3447 | 3571 | B96 3944 | 424 
350 | 4068 | 4192 | 4316 | 4440 | 4564 4812 | 4936 5183 | 124 
1| 53807 | 5431 | 5555 | 5678 | 5802 || 5925 | 6049 | 6172 | 6296 | 6419 | 104 
2| 6543 | 6666 | 6789 | 6913 7159 | 7282 | 7405 | 7529 | 7652] 123 
3| 7775 | 7898 8144 | 8267 9 | 8512 | 8635 | 8738 | gsi | 193 
4 9126 | 9249 | 9371 | 9494 || 9616 | 9739 | 9861 | 9984 |. 
——|—— —_ | ——|—_—|___| 0108 
5 | 550228 | 0351 | 0473 | 0595 | o717 || 0840 | 0962 | 1084 | 1206 | 3398 | 122 
6} 1450 | 1572 | 1694 | 1816 | 1938 || 3 2181 | 2303 | 2495 | 2547 | 192 
| |] 2668 | 2790 | 2011 3155 || 8276 | 3398 | 8519 | 3640 | 3762] 421 
8| 3883 4126 | 4247 | 4368 || 4489 | 4610 | 4731 973 
9| 5094 | 5215 5457 | 5578 || 5699 | 5820 | 5940 | Gost | 6is2| Jer 
360 | 6303 5 6785 |}-6905 | 7026 | 7146 | 7267 | za97 | 120 
1| 7507 | 7627 | 7748 | 7868 | 7988 || 8108 | 8228 | 8349 | 8169 | 8589 | 120 
2 8709 8829 | 8948 | 9068 | 9188 |] 9308 | 9428 | 9548 | gea7 | orgy | 120 
8 ee eee |__| Rares 
q 0026 | 0146 | 0265 | 0385 || 0504 | 0624 | 0743 | 0663 | ope | 119 
| 4] Se1t01 | 1221 | 1340 | 1459 | 1578 |} 1698 | 1817 | 1936 | 2055 | o17a | 19 
5 | 2293 | 2412 | 2581 | 2650 | 2769 7 | 3006 | 3125 | a244 119 
6 | 3481 | 3600 | 8718 | 3937 | 3955 || 4074 | 4192 | 4311 548 | 119 
7| 4666 | 4784 | 4903 | 5021 | 5139 || 5257 | 5376 | 5494 | 5012 | 6730 | 118 
8] 5848 | 5966 | 6084 | 6202 6437 | 6555 | 6673 | 6791 | 6909 | 118 
| 9] 7026 | 7144 | 7262 | 7379 | 7497 || 7614 | 732 | 7849 | 7967 | gos | 118 
| 370 | 8202 | 8319 | 8436 | 9554 | so71 8905 9140 | 9257 | 117 
1| 9374 | 9491 | 9608 | 9725 | 9842 |] 9959 |} |__| “| 
——|——__|____ |__| —__| 9076 | 0193 | o309 | o496 | 447 
2 | 570543 | 0660 | 0776 | 0893 | 1010 || 1126 | 1243 | 1359 | i476 | i592 | 127 
3} 1709 | 1825 | 1942 | 2058 | 2174 || 2201 | 2407 | 2503 | 2629 | o755 | di6 
4| 2872 | 2988 | 8104 6 || 3452 | 8568 | 3684 3915 | 116 
5 | 4031 | 4147 | 4263 | 4379 | 4494 || 4610 | 4726 | 4841 | 4057 | 50721 116 
6 | 5188 | 5303 | 5419 | 5534 | 5650 || 5765 | 5880 | 5996 | Gi11 | 6226 | 145 
7| 6341 | 6457 | 6572 6917 | 7032 | 7147 | 7202 | W377] 115 
8 | 7492 | 7607 | 7722 | 7836 | 7951 || 8066 | 8181 | 8295 | 8410 | g505 | 445 
9 | 8639 | 8754 | 8868 | 8983 | 9097 || 9212 | 9326 | 9441 | 9555 | 9609 | 444 
Rae BS Le el MRE Pe 


1 2 3 4 
12.8] 25.6 38.4 51.2 
12.7 | 25.4 88.1 50.8 
12.6] 25.2 37.8 50.4 
12.5] 25.0 37.5 50.0 
12.4] 24.8 87.2 49,6 
12.3] 24.6 86.9 49.2 
12.2] 24.4 36.6 48.8 
12.1] 24.2 36.3 48.4 
12.0] 24.0 36.0 48.0 
11.9} 23.8 85.7 47.6 


5 | 6 z 8 9 
64.0 %6.8 89.6 | 102.4 | 115.2 
63.5 %6.2 88.9 | 101.6 | 114.3 
63.0 75.6 88.2 | 100.8 | 118.4 
62.5 75.0 87.5 | 100.0 | 112.5 
62.0 74.4 86.8 99,2 | 111.6 
61.5 73.8 86.1 98.4 | 110.7 
61.0 73.2 85.4 97.6 | 109.8 
60.5 72.6 84.7 96.8 | 108.9 
60.0 72.0 84.0 96.0 | 108.0 
59.5 71.4 83.3 95.2 | 107.1 
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[No. 414 L. 617. 


1 
2 
3 
4 
5 
6 
Le 
8 
9 
390 
1 
2 
3 
4 
5 
6 
7 
8 
9 
400 
1 
2 
3 
4 
5 
6 
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DOWRADOI RAWDOWAA 
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BSSSAINA BSSSALe 
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BEERERER SSVVEEE 
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SERKSLZSS SRSSES: 
ROB Wrst OH 


| sereese aaneess 
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LOGARITHMS OF NUMBERS, 


| No. 415 L, 618,] 


N. 0 1 2 3 6 6 7 
£415 | 618048 | 8153 | se57 | ss6e 8571 | 8676 | 8780 
9093 | 9198 | 9302 | 9406 9615 | 9719 | 9804 

0240 | 0344 | 0448 0656 | 0760 | 0864 
1280 | 1384 | 1488 1695 | 1799 | 1903 
2318 | 2421 | 2525 2732 ) 2835 | 2939 
3353 | 8456 | 3559 3766 | 3869 | 3973 
4385 | 4488 | 4501 4798 | 4901 | 5004 
5415 | 5518 | 5621 5827 | 5929 
6443 | 6546 | 6648 6853 | 6956 | 7058 
7468 | 7571 | 7673 7878 | 7980 | Soge 
8191 | 8593 | 8695 9002 | 9104 
9512 | 9613 | 9715 9919 |——— 
eeied) 021 | 0128 
0520 | 0631 | 0738 0936 | 1038 } 1139 
1545 | 1647 | 17 1951 | 2052 | 2158 
2559 | 2660 | 2761 3064 | 3165 
3569 | 8670 | 3771 3978 | 4074 | 417% 
4578 | 4679 | 479: 4981 | 5081 | 6182 
5685 | 57: 5986 | 6087 | 6187 
6688 | 6789. 6989 | 7089 | 7189 
7590 | 7690 | 7790 7990 | 8090 | 8190 
8589 | 8689 | 8789 8988 | 9088 | 9188 
9586 | 9686 | 9785 9984 |__| 
Peeee VaAE 0084 | 0183 
0581 | 0680 | 0779 0978 | 1077 | 117 
1573 | 1672 | 4771 1970 | 2069 | 2168 
2563 | 2662 | 2764 2959 | 3058 | 3156 
3551 | 3650 | 8749 3046 | 4044 | 4148 
4537 | 4636 | 4734 4931 | 5029 | 5127 
5521 | 5619 | 5717 5913 | 6011 | 6110 
6502 6698 94 | 6992 | 7089 
7481 | 7579 | 7676 7872 | 7969 | 8067 
8458 | 8555 | 8653 8945 | 9043 
9432 | 9530 | 9627 gee | 9619 | 
0405 | 0502 | 0599 0793 | 0890 | 0987 
1375 | 1472 | 1569 1762 | 1859 | 1956 
2440 | 2536 2826 | 2998 
3309 | 3405 | 3502 3695 | 3791 | asse 
4273 | 4369.| 4465 4658 | 47 4850 
5235 | 5331 | 5427 5619 | 5715 | 5810 
6194 6386 657 | 6673 | 6769 
752 | 7247 | 7343 7534 | 7629 | 7725 
8107 | 8202 | 8208 8488 | 8584 | 8679 
9060 | 9155 9441 | 9536 | 9631 
0011 | 0106 | O201 0301 | 0486 | 0581 
660865 | 0960 | 1055 | 1150 1339 | 1434 | 1529 
1907 | 2002 | 2096 2086 | 2380 | 2475 | 
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No. 460 L. 662.] [No. 499 L. 698. 
N. 0 1 g 8 4 5 6 ? 8 9 | Diff. 
460 | 662758 | 2852 | 2047 | 8041 | 8135 || 3230 | 8324 | 3418 | 3512 | 3607 
1| 3701 | 3795 | 3889 | 3983 | 4078 || 4172 4360 4548 
2| 4642 | 4736 4924 | 5018 || 5112 | 5206 | 5200 | 5303 | 5487 | 94 | 
3| 5581 | 5675 | 5769 | 5862 | 5956 || 6050 | 6143 | 6237 | 6331 | 6424 
4| 6518 | 6612 | 6705 | 6799 | 6892 || 6986 | 7079 | 7173 | 7266 | 7360 | 
5 | 7458 | 7546 | 7640 | 7733 | 7826 || 7920 | 8013 | 8106 | 8199 | 8203 
6 | 8386 | 8479 | 8572 | 8665 | 8759 || 8852 | 8945 | 9038 | 9181 | 9224 
x | 93i7 | 9410 | 9508 | 9596 | 9689 || 9782 | 9875 | 9967 |} 
ele ee mess _—__|____] 0060 | 0153 | 93 
8 | 67 0339 | 0431 | 0524 | o617 || 0710 0895 | 0988 | 1 
9| 1173 | 1265 | 1358 | 1451 | 1543 || 1636 | 1728 | 1821 | 1913 | 2005 
470 | 2098 | 2190 | 2283 2467 || 2560 | 2652 | 2744 | 2836 | 2929 
1| 3021 | 3113 | 3205 | 3297 | 3390 || 3482 | 3574 | 3666 | 3758 | 3850 
2| 3942 4126 | 4218 | 4310 || 4402 | 4494 | 4586 | 4677 | 4769} 92 
3 1 | 4953 | 5045 | 5137 | 5 5320 | 5412 | 5508 | 5595 | 5687 
4| 5778 | 5870 | 5962 | 6053 | 6145 || 6236 | 6328 | 6419 | 6511 | 6602 
5 | 6694 | 6785 | 6876 | 6968 | 7059 || 7151 | 7242 | 7333 | "7424 | 7516 
6| 7607 | 7698 | 7789 | 7881 | 7972 8154 | 8245 | 8336 | 8427 
7| 8518 8791 8973 | 9084 | 9155 | 9246 | 9337} 91 
8 | 9428 | 9519 | 9610 | 9700 | 9791 || 9882 | 9973 | |__| __ 
Pssst seta as Foss easel Ree Ca fe os 
9 | 680336 | 0426 | O57 | 0607 | 0698 || 0789 | 0879 | 0970 | 1060 | 1151 
480 1422 | 1513 | 1603 || 1693 | 1784 | 1874 | 1964 
2326 | 2416 | 2506 || 2596 | 2686 | 2777 | 2867 | 2957 
3227 | 3317 | 3407 || 3497 | 3587 | 8677 | 8767 | 8857} 90 
4127 | 4217 | 4307 || 4396 | 4486 | 4576 | 4666 | 4756 
5114 5294 | 5383 | 5473 | 5563 | 5652 
5921 | 6010 | 6100 || 6189 | 6279 | 6368 | 6458 | 6547 
6815 | 6904 | 6994 || 7083 | ‘7172 | 7261 | 7351 | 7440 
T7107 7975 8153 8381 | gg 
8598 | 8687 | 8776 || 8865 | 8953 | 9042 | 9131 | 9220 
9486 | 9575 | 9664 || 9753 | 9841 | 9930 |—_}—— 
Fe Fe Pe EA ere SAC 
0373 | 0462 | 0550 || 0639 0816 | 0905 | 0993 
1258 | 1347 | 1435 || 1524 | 1612 | 1700 | x78 | 1877 


cad 
| WODOWRorm WWM S OMIM WWE 


———<$<$<$—$<$<—<—$—$$———————————__—_—_—_——_——, e—r—rw—rnr—rarnwnn a 2 
Diff 1 2 3 4 5 6 if 8 9 

98 9.8 | 19.6 29.4 89.2 49.0 58.8 68.6 78.4 88.2 

% 9.7] 19.4 29.1 38.8 48.5 58.2 7.9 77.6 87.2 

96 9.6} 19.2 28.8 88.4 48.0 57.6 67.2 76.8 86.4) 
95 9.5] 19.0 28.5 38.0 47.5 57.0 66.5 76.0 85.5) | 
94 9.4) 18.8 28,2 87.6 47.0 56.4 65.8 75.2 84.6 

93 9.3] 18.6 27.9 87.2 46.5 55.8 65.1 74.4 83.7] 
92 9.2) 18.4 22.6 86.8 46.0 55.2 64.4 73.6 82.8 

91 9.1] 18.2 27.3 86.4 45.5 54.6 63.7 72.8 81.9 

90 9.0] 18.0 27.0 36.0 45.0 54.0 63.0 72.0 | 81.0 

89 8.9{ 17.8 26.7 35.6 44.5 53.4 62.3 71.2 80.1 

88 8.8} 17.6 26,4 35.2 44.0 52.8 61.6 70.4 79.2 

87 8.7 | 17.4 26.1 84.8 43.5 52.2 60.9 69.6 78.8 

86 8.6 | 17.2 25.8 34,4 43.0 51.6 60.2 68.8 U7.4 


LOGARITHMS OF NUMBERS, 


00 | 698970 | 9057 
1| 9838 —. ——— |_| —_ | —_|— —_ | —— 
——— 0011 | 0098 | 0184 || 0271 | 0358 0531 | 0617 

2 | 700704 | 0790 | 0877 | 0963 | 1050 || 1136 | 1222 | 1309 | 1895 | 1482 
8 1568 | 1654 | 1741 | 1827 | 1913 || 1999 | 2086 | 2172 2344 
4 2431 | 2517 | 2603 | 2689 | 2775 || 2861 | 2947 3119 | 3205 
5 8291 | 8377 | 3463 | 3549 | 3635 || 8721 3893 | 3979 | 4065 86 
6 4151 | 4236 4408 | 4494 || 4579 | 4665 | 4751 | 4837 | 4922 
q 5179 5350 || 5436 | 5522 | 5607 | 5693 | 5778 
8 5949 6120 | 6266 || 6291 | 6376 | 6462 
9 6718 | 6803 | 6888 | 6974 | 7059 || 7144 | 7229 | 7815 | 7400 | 7485 

510 7570 | 7655 | 7740 | 7826 | 7911 || 7996 | 8081 | 8166 | 8251 85 
1 ‘1 | 8506 | 8591 | 8676 | 8761 8931 | 9015 | 9100 | 9185 
2 9270 | 9355 | 9440 | 9524 | 9609 || 9694 | 9779 | 9863 | 9948 | —— 
3 | 710117 | 0202 | 0287 | 0371 6 || 0540 | 0625 | 0710 | 0794 | 0879 
4 1048 | 1182 | 1217 | 1801 |] 1385 | 1470 | 1554 | 1639 | 1723 
5 1807 | 1892 | 1976 | 2060 | 21 2229 | 2313 | 2397 1 | 2566 
6 2650 | 2734 | 2818 2986 || 3070 | 3154 | 3238 3407 B4 
7 3491 | 8575 | 3659 | 3742 8910 | 3994 | 4078 | 4162 | 4246 
8 4414 | 4497 | 4581 | 4665 || 4749 | 4833 | 4916 | 5000 | 5084 
9 5167 | 5251 | 5335 | 5418 | 5502 5669 | 5753 | °5836 | 5920 

520 6003 | 6087 | 6170 | 6254 | 6387 || 6421 | 6504 | 6588 | 6671 | 6754 
1 6921 | 7004 | 7088 | 7171 || 7254 7421 7587 
2 7671 | 7754 | 7837 | 7920 | 8003 || 8086 | 8169 8336 | 8419 93 
3 8585 | 8668 | 8751 | 8834 || 8917 | 9000 | 9083 | 9165 | 9248 
4 9331 | 9414 | 9497 | 9580 | 9663 || 9745 | 9828 | 9911 | 9994 |} ——_ 
5 | 720159 | 0242 | 0325 | 0407 | 0490 || 0573 | 0655 | 0738 | 0821 | 0903 
6 1068 | 1151 | 1233 | 1316 || 1398 | 1481 | 1563 | 1646 | 1728 
7 1811 | 1893 | 1975 2140 |) 2222 | 2805 | 2887 | 2469 | 2552 
8 2716 | 2798 | 2881 3045 | 3127 8291 | 3374 
9 3456 8620 | 8702 | 38784 || 8866 | 8948 } 4030 | 4112 | 4194 82 
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No. 585 L. 767.] 


LOGARITHMS OF NUMBERS. 


585 | 767156 | 7230 | 7804 | 7379 | 7458 || 7527 
6 7898 | 7972 | 8046 | 8120 | 8194 || 8268 
7 8638 | 8712 | 8786 | 8860 | 8934 || 9008 
8 9377 | 9451 | 9525 | 9599 | 9673 || 9746 
9 | 770115 | 0189 | 0263 | 0336 | 0410 || 0484 

590 0852 | 0926 | 0999 | 1073 | 1146 || 1220 
1 1587 | 1661 | 1784 1881 || 1955 
2 2322 | 2395 | 2468 | 2542 | 2615 || 2688 
3 3055 | 3128 | 3201 | 3274 | 3348 || 3421 
4 3786 | 3860 | 3933 | 4006 | 4079 || 4152 
5 4517 | 4590 | 4663 | 4736 
6 5246 | 5819 | 5392 5538 || 5610 
Vf 5974 | 6047 | 6120 | 6193 | 6265 
8 6701 | 6774 | 6346 | 6919 | 6992 
9 7427 | 7499 | 7572 | 7644 | 7717 || 7789 

600 8151 | 8224 | 8296 | 8368 | 8441 || 85138 
1 8874 | 8947 | 9019 | 9091 | 9163 || 9236 
2 9596 | 9669 | 9741 | 9813 | 9885 || 9957 
3 | 780317 | 0389 | 0461 | 0533 0677 
4 1037 | 1109 | 1181 | 1253 | 1324 || 1896 
5 1755 | 1827 | 1899 | 1971 | 2042 || 2114 
6 2478 | 2544 | 2616 2759 1 
7 3189 | 8260 | 3332 3475 || 8546 
8 8904 | 3975 | 4046 | 4118 | 4189 || 4261 
9 4617 | 4689 | 4760 | 4831 | 4902 || 4974 

610 5330 | 5401 | 5472 | 5543 | 5615 || 5686 
1 6041 | 6112 | 6183 | 6254 | 6325 || 6396 
2 6751 | 6822 | 6893 | 6 7035 || 7106 
3 7460 | 7531 | 7602 | 7673 | 7744 || 7815 
4 8168 | 8239 | 8310 | 8381 | 8451 || 8522 
5 8875 | 8946 | 9016 | 9087 | 9157 
6 9581 | 9651 | 9722 | 9792 | 9863 || 9933 
7 | 790285 | 0356 | 0426 | 0496 | 0567 || 0687 
8 0988 | 1059 | 1129 | 1199 | 1269 || 1840 
9 1691 | 1761 | 1831 | 1901 | 1971 

620 2392 | 2462 | 2532 2672 || 2742 
1 3092 | 3162 | 38231 | 3301 8441 
2 3790 8930 | 4000 | 4070 || 4139 
3 4488 | 4558 | 4627 | 4697 | 4767 
4 5185 | 5254 | 5324 | 5393 
5 5949 | 6019 | 6088 | 6158 |) 6227 
6 6574 | 6644 | 6713 | 6782 | 6852 || 6921 
¥: 7268 | 7337 | 7406 | 7475 | 7545 || 7614 
8 7960 8008 | 8167 | 8236 
9 8651 | 8720 | 8789 | 8858 | 8927 |) 8996 
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No, 630 L. 799,] [No. 674 L. 829, | 
SS 


N. 0 1 2 8 4 5 6 q 8 9 | Diff. 


0971 | 1039 | 1106 | 1173 || 1240 | 1307 ag 1441 | 1508 ot 


1575 | 1642 | 1709 | 1776 | 1843 || 1910 | 1977 2111 | 2178 
2812 | 2379 2512 || 2579 | 2646 | 2718 2847 
2918 | 2980 7 | 3114 | 8181 || 8247 | 8814 | 3381 8514 
8581 | 3648 | 3714 8914 | 3981 4114 | 4181 
4314 | 4381 | 4447 | 454 || 4581 | 4647 | 4714 | 4780 
4913 | 4 5118 | 5179 || 5246 | 5812 | 5878 | 5445 | 5511 
5644 | 5711 | 5777 5910 | 5976 6109 | 6175 
6241 | 6308 | 6374 6 6573 | 66389 | 6705 | 6771 
6904 | 6970 | 7036 | 7102 | 7169 |) 7235 | 7301 | 7367 | % 7499 
7565 | 7631 | 7698 | 7764 | 7830 || 7896 | 7962 8094 | 8160 
8226 8490 8622 8754 } 8820 66 
8885 | 8951 | 9017 | 9083 | 9149 |) 9215 | 9281 | 9346 | 9412 } 9478 
9544 | 9610 | 9676 | 9741 | 9807 || 9873 | 9939 
$$ | | |] | —_} | 0070 | 0136 
1 | 820201 | 0267 | 0388 | 0399 | 0464 |} 05: 0595 | 0661 | 0727 | 0792 
2 1055 | 1120 || 1186 | 1251 | 1817 | 1882 | 1448 
3 1514 | 1579 | 1645 | 1710 | 1775 |} 1841 | 1906 | 1972 | 2087 } 2103 
4 2364 2495 | 2560 | 2626 | 2691 | 27 
5 2822 | 2887 | 2952 | 3018 | 8083 || 8148 | 8213 | 3279 | 3344 | 3409 
6 8474 | 3539 | 3605 | 3670 | 8785 |] 3800 | 3865 | 3930 | 8996 | 4061 
a 4191 | 4256 | 4321 | 4886 || 4451 | 4516 | 4581 | 4646 | 4714 65 
8 4076 4971 | 5036 || 5101 | 5166 | 5231 | 5296 | 5361 
9 5491 | 5556 | 5621 | 5686 || 5751 | 5815 5945 | 6010 
670 6075 | 6140 | 6204 | 6269 | 6384 || 6399 | 6464 | 6528 | 6593 | 6658 
1 6723 | 6787 | 6852 | 6917 | 6981 || 7046 | 7111 | 7175 | 7240 | 7305 
2 7369 | 7484 | 7499 | 7563 | 7628 || 7692 | 7757 | 7821 | 7886 | 7951 
3 8015 | 8080 | 8144 | 8209 | 8273 || 8338 | 8402 | 8467 | 8531 | 8595 
4 8724 | 8789 | 8853 | 8918 || 8982 | 9046 | 9111 | 9175 | 9239 
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No. 675 L. 829} ‘[No. 719 L. 857. 
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“« 


No. 720 L. 857.] [No. 764 L. 883, 


1 7935 | 7995 | 8056 | 8116 | 8176 || 8286 | 8297 | 8357 | 8417 “a 
2 8537 | 8597 | 8657 | 8718 | 8778 || 8838 8958 | 9018 | 9078 
3 9138 | 9198 | 9258 | 9318 | 2879 || 9439 ) 9499 | 9559 | 9619 | 9679 60 
4 9739 | 9799 | 9859 | 9918 | 9978 || ———}—__| —___| ____|____- 
——|-——]—_|——__ 0088 | 0098 | 0158 | 0218 | 0278 
5 | 860338 | 0398 | 0458 | 0518 | 0578 || 0637 | 0697 | O757 | O817 | 0877 
6 0937 | 0996 | 1056 | 1116 | 1176 || 1236 | 1295 | 1 1415 | 1475 
vi 1534 | 1594 | 1654 | 1714 | 1778 || 1833 | 1893 | 1952 | 2012 
8 2131 | 2191 | 2251 | 2310 | 2870 |} 2430 | 2489 | 2549 | 2608 | 2668 
9 2728 | 2787 | 2847 | 2906 | 2966 || 38025 | 3 3144 | 8204 | 3263 
730 3382 | 3442 | 3501 | 3561 || 3620 | 3680 | 3739 | 3799 | 3858 
1 3917 | 3977 | 4036 | 4096 | 4155 |} 4214 | 4274 | 4333 | 4392 | 4452 
2 4511 | 4570 | 4630 | 4689 | 4748 || 4808 | 4867 | 4926 | 4985 
8\ 5104 | 5163 | 5222 | 5282 | 5841 || 5400 | 5459 | 5519 | 5578 | 5637 
4 5696 | 5755 | 5814 | 5874 | 5933 || 5992 | 6051 | 6110 | 6169 | 6228 
5 6287.) 6846 | 6405 > | 6524 || 6583 | 6642 | 6701 | 6760 | 6819 59 
6 6878 | 6987 | 6996 | 7055 | 7114 || 7173 | 7282 | 7291 | 7350 | 7409 
é 7467 | 7526 | 7585 | 7644 | 7703 || 7762 | 7821 | 7880 | 7939 | 7998 
8 8115 | 8174 | 8233 | 8292 0 9 | 8468 | 85; 
9 8644 | 8703 | 8762 | 8821 | 8879 || 8938 | 8997 | 9056 | 9114 | 8173 
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LOGARITAMS OF NUMBERS. 


aes 


No. 765 L, 882] 


& 


sos OMI 


8573 
4 8741 | 87' 8909 | 8965 || 9021 9134 
5 9414 | 9470 | 9526 || 9582 | 9638 | 9694 
6 9862 | 9918 | 9974 |——}—— || —_|_ —___}|____}_____}__ 
——| 0030 } 0086 || 0141 | 0197 | 0253 
7 ) 890421 | 0477 | 0533 | 0589 | 0645 |} 0700 | 0756 | 0812 
8 0980 | 1035 | 1091 | 1147 | 1203 || 1259 | 1314 | 1370 
9; 1587 | 1593 | 1649 | 1705 | 1760 || 1816 | 1872 | 1928 
780 2095 | 2150 2262 | 2317 || 2873 | 2429 | 2484 
1 2651 | 2707 | 2762 | 2818 73 || 2929 | 2985 | 3040 
2 3262 | 3318 | 3373 | 3429 3595 
3 3762 | 3817 | 3873 | 3928 | 3984 || 4039 | 4094 | 4150 
4 4316 | 4371 | 4427 | 4482 | 4538 || 4593 | 4648 | 4704 
5 4870 | 4925 | 4980 | 5036 | 5091 146 | 5201 | 5257 
6 5478 | 5533 | 5588 | 5644 || 5699 | 5754 | 5809 
ve 5975 | 6030 | 6085 | 6140 | 6195 || 6251 | 6306 
8 6526 | 6581 | 6636 | 6692 | 6747 || 6802 | 6857 | 6912 
9 TOV? | 7132 | 7187 | 7242 | 7297 || 73852 | 7407 | 7462 
790 7627 | 7682 | 7737 | T7192 | 7847 || 7902 | 7957 | 8012 
1 8176 | 8231 | 8286 1 | 8396 1 8561 
2 8725 | 8780 | 8835 | 8890 | 8944 || 8999 | 9054 | 9109 
3 9273 | 9 9 9437 | 9492 || 9547 | 9602 
4 9821 | 9875 | 9630 | 9985 |—— | |———| —__| —____|__}___| 
——|——_|——__| 0039 0149 | 0203 
5 | 900367 | 0422 | 0476 | 0531 | 0586 || 0640 | 0695 | 0749 
6 0913 1022 | 1077"| 1131 || 1186 | 1240 | 1295 
7 1458 | 1513 | 1567 | 1622 | 1676 || 1781 | 1785 | 1840 
8 2003 | 2057 | 2112 | 2166 a 5 2384 
9 2547 | 2601 5 2710 | 2764 || 2818 | 2873 | 2927 
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No. 945 L. 975.] [No. 989 L. 995. 
N. 1 


| 
975432 
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HYPERBOLIC LOGARITHMS. 


No. | Log. No. | Log. No. | Log. No. | Log. No. | Log. 
1.01 0099 ||} 1.45] .3716 || 1.89 | .6366 || 2.383 | .8458 || 2.77 | 1.0188 
1.02 | .0198 || 1.46.) .3784 || 1.90 | .6419 || 2.34 | .8502 || 2.78 | 1.0225 
1.03 0296 || 1.47 +3853 || 1.91 -6471 || 2.35 -8544 || 2.79 | 1.0260 
1.04 0392 || 1.48 -3920 || 1.92 -6523 || 2.36 -8587 || 2.80 | 1.0296 
1.05 0488 || 1.49 | .3988 || 1.93 | .6575 || 2.37 | .8629 || 2.81 | 1.0332 
1.06 -0583 || 1.50 4055 || 1.94 -6627 || 2.38 867. 2.82 | 1.0367 
1.07 -0677 || 1.51 -4121 || 1.95 -6678 || 2.39 -8713 || 2.83 | 1.0403 
1.08 -O770 || 1.52 -4187 || 1.96 -6729 || 2.40 -8755 || 2.84 | 1.0438 
1.09 0862 || 1.53 -4253 || 1.97 -6780 || 2.41 -8796 |} 2.85 | 1.0478 
1.10 0953 || 1.54 -4318 || 1.98 -6831 || 2.42 -88388 || 2.86 | 1.0508 
1.11 «1044 |) 1.55 4883 || 1.99 -6881 || 2.43 -8879 || 2.87 | 1.0543 
1.12] .1133 || 1.56 | .4447 || 2.00} .6931 || 2.44) .8920 || 2.88 | 1.0578 
1.13°| .1222 || 1.57 -4511 |} 2.01 -6981 |) 2.45 +8961 || 2.89 | 1.0613 
1.14 +1310 || 1.58 «4574 || 2.02 - 7081 || 2.46 +9002 || 2.90 | 1.0647 
1.15 +1398 || 1.59 -4687 || 2.03 -7080 || 2.47 | ~.9042 |] 2.91 | 1.0682 
1.16 1484 |} 1.60 -4700 || 2.04 -7129 || 2.48 -9083 || 2.92 | 1.0716 
1.17 1570 || 1.61 -4762 || 2.05 -T178 || 2.49 +9123 || 2.93 | 1.0750 
7 18 «1655 || 1.62 | .4824 || 2.06 «7227 || 2.50 +9163 || 2.94 | 1.0784 
$9.19 1740 || 1.63 +4886 || 2.07 sTRI5 || 2.51 +9203 || 2.95 | 1.0818 
1.20 +1823 || 1.64 -4947 || 2.08 «7324 || 2.52 +9243 || 2.96 | 1.0852 
1.21 «1906 || 1.55 -5008 || 2.09 -7372 || 2,53 -9282 || 2.97 | 1.0886 
1.22 -1988 |} 1.66 -5068 || 2.10 -7419 |) 2.54 -9322 || 2.98 | 1.0919 
1.23 | .2070 || 1.67 | .5128 || 2.11 | .7467 || 2.55 | .9361 || 2.99 | 1.0958 
1.24 | .2151 |} 1.68 | .5188 || 2.12] .7514 || 2.56 | .9400 || 8.00 | 1.0986 
1. 2231 |} 1.69 +5247 || 2.18 «7561 || 2.57 +9439 || 3.01 | 1.1019 
1.26 +2311 || 1.70 -5306 || 2.14 “7 2.58 9478 |) 3.02 | 1.1058 
1.27 +2390 || 1.71 -5365 || 2.15 -7655 || 2.59 9517 |} 3.03 | 1.1086 
1.28 +2469 || 1.72 «3423 || 2.3 -7701 || 2.60 -9555 || 3.04 | 1.1119 
1.29 +2546 || 1.73 -5481 || 2.17 T7147 |) 2.61 -9594 || 3.05 | 1.1151 
1.30 +2624 || 1.74 -5539 || 2.18 +7793 || 2.62 -9632 |/ 3.06 | 1.1184 
1.31 +2700 || 1.75 +5596 || 2.19 7839 |) 2.63 -9670 || 3.07 | 1.1217 
1.32 +2776 || 1.76 -5653 || 2.20 7885 || 2.64 -9708 || 3.08 | 1.1249 
1.33 +2852 || 1.77 +5710 || 2.21 +7930 |) 2.65 -9746 || 3.09 | 1.1282 
1.34 +2927 || 1.78 -5766 || 2.22 797 2.66 -9783 || 3.10 | 1.1814 
1.35 -8001 || 1.79 -5822 || 2.23 +8020 || 2.67 -9821 || 3.11 | 1.1846 
1.36 +3075 |} 1.80 -5878 || 2.24 -8065 || 2.68 -9858 || 3.12 | 1.1878 
1.37 | .3148 || 1.81 | .5933 |] 2.25 | .8109 |) 2.69 | .9895 || 3.18 | 1.1410 
1.38 3221 || 1.82 -5988 || 2.26 +8154 || 2.70 +9933 |} 5.14 | 1.1442 
1.89 | .8293 || 1.83 -6043 || 2.27 | .8198 |} 2.71 -9969 || 3.15 | 1.1474 
1.40 -3365 |} 1.84 -6098 || 2.28 -8242 || 2.72 | 1.0006 || 3 16 | 1.1506 
1.41 | .3436 || 1.85 | .6152 || 2.29 | .8286 |} 2.73 | 1.0043 || 3.17 | 1.1587 
1.42 | .3507 || 1.86 { .6206 || 2.30 | .8329 || 2.74 | 1.0080 || 3.18 | 1.1569 
1.43 28577 || 1.87 -6259 || 2.31 -8372 || 2.75 | 1.0116 || 3.19 | 1.1600 
1.44] . 1.88 | .6313 || 2.82 | .8416.|| 2.76 | 1.0152 || 8.20 | 1.1632 
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MATHEMATICAL TABLES. 


Log No. | Log No. 

1.9671 || 7.79 | 2.0528 || 8.66 - 
1.9685 || 7.80 | 2.0541 || 8.68 | 2.1610 
1.9699 || 7.81 | 2.0554 || 8.70 | 2.1633 
1.9713 || 7.82 | 2.0567 || 8.72 | 2.1656 
1.9727 |} 7.83 | 2.0580 || 8.74 | 2. 
1.9741 || 7.84 | 2.0592 || 8.76 | 2. 
1.9754 || 7.85 | 2.0605 || 8.78 * 
1.9769 || 7.86 | 2.0618 || 8.80 é 
1.9782 || 7.87 | 2.0681 || 8.82 c 
1.9796 || 7.88 | 2.0643 || 8.84 | 2.1 
1.9810 || 7.89 | 2.0656 || 8.86 F 
1.9824 |} 7.90 | 2.0669 || 8.88 s 
1.9838 |} 7.91 | 2.0681 || 8.90 5 
1.9851 || 7.92 | 2.0694 || 8.92 i 
1.9865 || 7.93 | 2.0707 || 8.94 | 2. 
1.9879 || 7.94 | 2.0719 || 8.96 s 
1.9892 |} 7.95 | 2.0782 || 8.98 2 
1.9906 |} 7-96 | 2.0744 || 9.00 = 
1.9920 || 7.97 | 2.0757 || 9.02 . 
1.9933 ||} 7.98 | 2.0769 || 9.04 5 
1.9947 || 7.99 | 2.0782 || 9.06 | 2. 
1.9961 |} 8.00 | 2.0794 }| 9.08 | 2. 
1.9974 || 8.01 | 2.0807 || 9 10 

1.9988 || 8.02 | 2.0819 || 9.12 

2.0001 || 8.03 | 2.0832 |} 9.14 | 2.2127 
2.0015 || 8.04 | 2.0844 || 9.16 

2.0028 || 8.05 | 2.0857 || 9.18 

2.0041 || 8.06 | 2.0869 || 9.20 

2-0055 || 8.07 | 2.0882 || 9.22 

2.0069 || 8-08 | 2.0894 |) 9.24 

2.0082 || 8-09 | 2.0906 || 9.26 

2.0096 || 8-10 | 2.0919 || 9.28 | 2.22 
2.0108 |} 8.11 | 2.0981 |) 9.80 ~ 
2.0122 || 8.12 | 2.0943 || 9.82 

2.0136 || 8.13 | 2.0956 || 9.34 

2.0149 || 8.14 | 2.0968 || 9.36 

2.0162 || 8.15 | 2.0980 || 9.38 

2.0176 || 8.16 | 2.0992 || 9.40 

2.0189 || 8.17 | 2.1005 || 9.42 

2.0202 || 8.18 | 2.1017 || 9.44 

2.0215 || 8-19 | 2.1029 || 9.46 

2.0229 || 8.20 | 2.1041 || 9.48 

2.0242 |) 8.22 | 2.1066 }| 9.50 

2.0255 || 8-24 | 2.1090 || 9.52 

2.0268 || 8.26 | 2.1114 || 9.54 

2.0281 || 8.28 | 2.1138 || 9.56 

2.0295 |) 8.80 | 2.1163 || 9.58 

2.0808 || 8.32 | 2.1187 || 9.60 | 2.2618 
2.0821 || 8.34 | 2.1211 || 9.62 
2.0834 || 8.36 | 2.1285 || 9.64 | 2. 
2.0347 || 8.38 | 2.1258 || 9.66 

2.0360 || 8.40 | 2.1282 || 9.68 

2.0373 || 8.42 | 2.1306 || 9.70 | 2.2 
2.0886 || 8.44 | 2.1830 || 9.72 | 2.2742 
2.0399 |) 8.46 | 2.1853 || 9.74 | 2. 
2.0412 || 8.48 | 2.1877 || 9.76 | 2.2783 
2.0425 || 8.50 | 2.1401 || 9.78 

2.0488 || 8.52 | 2.1424 || 9.80 

2.0451 || 8.54 | 2.1448 || 9.82 

2.0464 |) $.56 | 2.1471 || 9.84 

2.0477 || 8.58 | 2.1494 |} 9.86 | 2.2885 
2.0490 || 8.60 | 2.1518 || 9.88 

2.0503 |} 8.62 | 2.1541 || 9.90 

2.0516 || 8.64 | 2.1564 || 9.92 
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NATURAL TRIGONOMETRICAL FUNCTIONS. — 


© | M.| Sine, | Co-Vers.! Cosec, | Tang, | Cotan, | Secant, |Ver. Sit,| Cosine, ; 
SS ey Seta) el 2 eee Sey (SSeS fata 
® | 0 |.00000|1.0000 |Infinite | .00000|Infinite| 1.0000] .00000 A 90} 0 
15 |.00436) .99564)/229.18 |.00436/229.18 | 1.0000] :00001| .99999 45 
30 -99127 -00873/114.59 | 1.0000} .00004| .99996 30 
45 -01309} 76.390 | 1.0001] .00009| .99991 15 
1] 0 01745) 57.290 | 1.0001] .00015) .99985| 89| 0 
15 02182) 45.829 | 1.0002} .00024| .99976 45 
30 02618} 38.188 | 1.0003} .00034] .99966 30 
45 -03055} 32.730 | 1.0005] .00047| .99953 15 
z+ 0 -03492] 28.636 | 1.0006] .00061] .99939] 8s] oO 
15 +03929} 25.452 | 1.0008] .00077] .99923 45 
30 04366] 22.904 | 1.0009] .00095] .99905 30 
45 -04803} 20.819 | 1.0011} .00115] .99885 15 
3] 0 -05241) 19.081 | 1.0014) .00137] .99863/ 87] 0 
* | 15 05678) 17.611 | 1.0016] .00161| .99839 45 
; 30 06116] 16.350 | 1.0019] .00187] .99813 30 
45 -06554) 15.257 | 1.0021] .00214] .99786 15 
4/0 06993) 14.301 | 1.0024) .00244| .99756] 86| 0 
15 07431) 13.457 | 1.0028] .00275] .99725 45 
30 07870) 12.706 | 1.0031] .00308] .99692 30 
45 08309} 12.035 | 1.0034} .00843] .99656 15 
6] 0 -08749} 11.430 | 1.0038] .00881| .99619] 85| 0 
15 -09189) 10.833 | 1.0042] .00420] .99580 45 
30 09629) 10.385 | 1.0046] .00460| .99540 30 
45 10069) 9.9310} 1.0051] .00503|. 99497 15 
6] 0 10510) 9.5144) 1.0055] 00548] .99452] g4| 0 - 
15 10952) 9.1309] 1.0060) .00594| .99406 45 
30 11393} 8.7769] 1.0065} .00648] .99357 30 
45 11836} 8.4490] 1.0070] .00693] .99307 15 
Z| 0 12278} 8.1443) 1.0075] .00745| .99255| 88] 0 
15 12722) 7.8606) 1.0081] .00800] .99200 45 
30 13165} 7.5958) 1.0086] .00856| .99144 30 
45 -12609) 7.3479) 1.0092] .00913] .99086 15 
8] 0 +14054] 7.1154) 1.0098] .00973] .99027/ 82] oO 
i 15 s -14499} 6.8969) 1.0105) .01035| .98965 45 
; 30 85219] 6.7655|-14945| 6.6912) 1.0111] .01098 
45 |.15212) 84788) 6.5736).15391| 6.4971) 1.0118] .01164 98836 15 
9} 0 |.15643} .84357) 6.3924|.15838] 6.3138] 1.0125 -01231| .98769] 81] 0 
15 |.16074) .83926] 6.2211].16286} 6.1402] 1.0132] .01300 -98700 45 
30 |.16505) .83495| 6.0589|.16734) 5.9758] 1.0139] .01371 -98629 30 
bY 45 |.16935) .83065| 5.9049|.17183] 5.8197] 1.0147] ‘oi444 «98556 15 
+ 10) 0 |.17365) .82635) 5.7588].17683] 5.6713] 1.0154 -01519) .98481| 80] 0 
; 15 |.17794] .82206] 5.6198].18083| 5. 1.0162} .01596) .98404 45 
30 |.18224) .81776] 5.4874].18534| 5.3955] 1.0170] .01675 98325 30 
; 45 |.18652) .81348} 5.3612]/.18986] 5.2672] 1.0179] 01755 +98245) 15 
~ 11) 0 }.19081} .80919) 5.2408].19438] 5.1446] 1.0187 -01837| .98163] 79} 0 


12 | 0 |.20791| .79209]  4:8097|-21256] 4.7046] 1.0223) ‘o2185| ‘ovsiel 78 
+13/ 0 22495 77505) 4.4454] -23087| 4.3315] 1.0263] 102568 1974371 77 


14) 0 |.24192! .7 4.1336) .24933] 4.0108} 1.0306] .02970| .97030| 76 


.25460 9277]. ‘ 02 .98705 
15 |_0 |.25882| 74118} 3.8637).26795| 3.7320] 1.0358) 108407] 1965931 76 


Cosine,|Ver. Sin,| Secant. | Cotan.| ‘Tang. | Cosec, |Co-Vers, Sine, ° 


_ From 75° to 90° read from bottom of table upwards, 


160 MATHEMATICAL TABLES, 


1.0711| 106642] ; 


1.1547] |18397| ; 


Cosine.|Ver, Sin.| Secant. . Cosee, | Co-Vers, 


‘Frem 60° to 75° read from bottom of table upwards, 


NATURAL TRIGONOMETRICAL FUNCTIONS. 161 


Cosec. | Tang.| Cotan, 
2.0000) .57785) 1.7320 86603} 60 | 0 
1.9850|.58318| 1.7147 45 
1.9703} .58904| 1.6977 30 
1.9558) .59494) 1.6808 15 
1.9416|.60086} 1.6643 0 
1.9276) .60681} 1.6479 45 
1.9139} .61280} 1.6319 30 
1.9004! 61882} 1.6160 15 
1.8871} .62487} 1.6003 0 
1.8740/.63095| 1.5849 45 
1.8612}.63707| 1.5697 30 
1.8485) 64322) 1.5547 15 
1.8361|.64941} 1.5399 0 
1.8238) .65563) 1.5253, 45 
1.8118] .66188} 1.5108 30 
1.7999] .66818} 1.4966 15 
1.7883|.67451) 1.4826 0 
1.7768}.68087| 1.4687 45 
1.7655] .68728) 1.4550 30 _ 
1.7544) 69372) 1.4415 15 
1.7434).70021} 1.4281 0 
1.7327) .70673} 1.4150 45 
1.7220) .71829} 1.4019 30 
1.7116] .71990} 1.3891 15 
1.7013) .72654) 1.3764 0 
1.6912] .73323] 1.3638 45 
1.6812] .73996) 1.3514 30 
1.6713) .74673] 1.3392 15 
1.6616) .75355| 1.3270 0 
1.6521) .76042} 1.3151 45 
1.6427) .76783| 1.3082 30 
1 77428) 1.2915 15 
1.6243} .78129] 1,2799) 0 
1.6153] .78834| 1.2685 45 
1.6064) .79543] 1.2572 3° 
1.5976] .80258} 1.2460) 15 
1.5899) .80978] 1.2349) 0 
1.5805].81703) 1.2239) 45 
1.57241].82434) 1.2181 39 
1.5639] 83169} 1.2024 15 
1.5557}.83910| 1.1918 0 
1.5477) .84656] 1.1812 45 
1.5398} .85408] 1.1708) 30 
1.5320) .86165) 1.1606 15 
1.5242].86929| 1.1504 0 
1.5166) 87698) 1.1403) 45 
1.5092) .88472) 1.1303 30 
1.5018] .89253} 1,1204 15 
1.4945} .90040| 1.1106 0 
1.4873] .90884/ 1.1009 45 
1.4802}.91633] 1.0913 30. _ 
1.4732|.92439) 1.0818 15 
1.4663] .93251] 1.0724 0 
1.4595] .94071] 1.0630 45 
1.4527/.94896) 1.0538 30 
1.4461].95729) 1.0446 15 
1.4396) .96569) 1.0855 0 
1.4331|.97416] 1.0265 45 
1.4267|.98270] 1.0176 30 
1.4204].99181| 1.0088 15 
1.4142/1.0000} 1.0000 0 
Cosine.|Ver. Sin.} Secant, | Cotan, Tang, M, 
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LOGARITHMIC SINES, ETC. 


. Infinite. 


11.15642) 


11.05970) 
10.98077 
10.91411 
10.85644 
10.80567 


10.76033) 
10.71940 
10.68212 
10.64791 
10.61632) 


10.58700) 
10.55966 
10.53406 
3. 48908 10.510.2 

9.51264|10.48736) 


°9.58405/10. 46595 
9.55433) 10. 44567 
9.57358|10.42642 
9.59188|10. 40812 
9.60981|10. 39069 


9 .62595|10. 87405 
9.64184) 10.35816 
9. 65705|10. 34295 
9.67161|10.32839 
9.68557|10.31443 


9.69897/10.30103 


9. 79887|10. 20113 


9.80807}10.19193 
9.81694)}10. 18306 
9.82551/10.17449 
9.83278) 10. 16622 
9.84177)10. 15828 


9.84949}10. 15052) 


Cosine, | Secant. 


Cosec. | Versin. |Tangent. 


In. Neg. 


8.26418 


9.00521 


09032] 9.19971 


.|In.Neg. | {nfinite. 


8 .24192|11.75808 
8.54308 |11 45692 
8.71940|11.28060 
8.84464 |11.15536 


8.94195|11.05805 
9.02162 |10.97838 
9.08914 |10.91086 
9.14780 |10. 85220 
10.80029 


1075368 
10.71135 
10,67253 
10.63664 
10.60323 


10.57195 
10.54250 
10.51466 
10. 48822 
10.46303 


9.56107 |10.48893 
9.58418 |10.41582 
1}10.89359 
10.37215 
10.35142 


10.33133 


9.24632 
9.28865 
9.82747 
9.36336 
9.39677 


9.42805 


9.51178 
9.53697 


ito: 25625 


10. 28856 
10.22123 
10.20421 
10.18748 
10,17101 


3)10.15477 
10.13874 
10. 12289 
10.10719 
10.09163 


10.07619 
10.06084 


Cotan, | Covers. 


10.00000 


Secant. 


10.00000 
10.00007 
10.00026 
10.00060 
10.00106 


10.00166 
10.00289 
10.00325 
10.00425 
10.00588 


10.00665 
10.00805 
10.00960 
10.01128 
10.01310 


10.01506 
10.01716 
10.01940 
10.02179 
10.02483 


10.02701 
10.02985 
10.03283 
10.03597 
10.03927 


10.04272 
10.04634 
10.05012 
10.05407 
10.05818 


10.06247 
10.06693 
10.07158 
10.07641 
10.08143 


10.08664 
10.09204 
10.09765 
10.10347 
10.10950 


10.115%5 
10. 12222 
10.12893 
10. 13587 
10.14307 


10.15052 


9.99235 
9.98457 
9.97665 
9.96860 


9.96040 
9.95205 
9.94356 
9.93492 
9.92612 


9.91717 


9.88933 
9.87971 


9.86992 
9.85996 
9.84981 
9.83947 
9.82894 


9.81821 


9.7614 
9.74945 

9.73720 
9.72471 
9.71197 


9.69897 
9.68571 
9.67217 
9.65836 
9.64425 


9.62984 
9.61512 
9.60008 
9.58471 
9.56900 


9.55293 
9.53648 
9.51966 
9.50243 
9.48479 


9.46671 


Cosine. 


10,00000 
9.99993 
9.99974 
9.99940: 
9.99894 


9.99834 
9.99761 
9.99675 
9.99575 
9.99462: 


9.99335) 
9.99 


9.97567 


9.97299 
9.97015 
9.96717 
9.96403 
9.96073 


9.95728 
9.95366 
9.94988 
9.94593 
9.94182) 


9.93753 
9.93307 
9.92842) 
9.92359 
9.91857 


9.91336 
9.90796 


9.85693 
9.84949 


.| Versin, | Cosec. 


Sine. 


From 45° to 90° read from bottom of table upwards, 
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MATERIALS. 
THE CHEMICAL ELEMENTS. 


The Common Elements (42). 


See ROSY 


Ld - = 
i 2218s $ OF 
Be! Name Bo Pes Name. = Name. to 
es f So ]58 o ; 2s 
g 6a <5 15a 3 <5 
aes Sa NS Dt ft 
4 Al | Aluminum | 27.1] F | Fluo: Palladium {106, 

‘| Sb | Antimony {120.4} Au | Gold Phosphorus} 31, 

| As | Arsenic 7.19 H | Hydrogen Platinum {194.9 
Ba | Barium 187.4 9 I Todine Potassium | 29.1 
% Bi | Bismuth [208.1] Ir | Iridium Silicon 28.4 
i B Boron 10.9} Fe | Iron Silver 107.9 
_ Br | Bromine 79.9 Pb | Lead : Sodium 23. 
_ Cd | Cadmium /111.99 Li | Lithium 7.03) Strontium | 87.6 
_ Ca | Caleium 40.1] Mg| Magnesium | 24.3 S | Sulphur 82.1 
~ C | Carbon 12. | Mn} Manganese | 55. §f Sn | Tin 119. 
Cl | Chlorine 85.4 | Hg| Mercury 00. § Ti | Titanium 48.1 
_ Cr | Chromium | 52.1] Ni | Nickel 58.77 W | Tungsten 184.8 
~ Co | Cobalt 59. | N | Nitrogen 14. {Va | Vanadium } 51.4 

Cu |. Copper 63.6 O | Oxygen 16. | Zn | Zinc 65.4 


___The atomic weights of many of the elements vary in the decimal place as 
given by different authorities. The above are the most recent values re- 
ferred to O = 16 and H = 1.008. When H is taken as 1, O = 15.879, and the 
_ other figures are diminished proportionately. (See Jour. Am. Chem. Soc.,; 
"March, 1896.) 


The Rare Elements (27). 
ryllium, Be. Glucinum, G. Rubidium, Rb. Thallium, Tl. 


Indium, In. Ruthenium, Ru. Thorium, Th. 
Lanthanum, La. Samarium, Sm, Uranium, U. 
Molybdenum, Mo, Scandium, Sc, Ytterbium, Yr, 
Niobium, Nb. Selenium, Se. Yttrium, Y. 
Osmium, Os. - Tantalum, Ta. Zirconium, Zr. 
Rhodium, R. Tellurium, Te. 


SPECIFIC GRAVITY. ! 


| ‘The specific gravity of a substance is its weight as compared with the 
Weight of an equal bulk of pure water. d - 
‘o find the specific gravity of a substance, 

_ W = weight of body in air; w = weight of body submerged in water. 


Ww 
aa W—w 
i 4 If the substance be lighter than the water, sink it by means of a heavier 


Specific gravity = 


Given weight per cubic foot, to find sp. on multiply by ~ 
ly by .036085. 
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Weight and Specific Gravity of Metals. 


Specific Gravity. Bpeciio.Gray- Weight | Weight 


ity. Approx. 
Range accord- | * per | per 
Mean Value, | cubic | Cubic 


ing to aa 
several pace Foot, | Inch, 
Authorities, | Calgniation of | “ips.” | Ibs. 
Aluminum.. 2.56 to 2.71 2.67 166.5 -0963 
Antimony 6.66 to 6.86 6.76 421.6 +2439 
Bismuth. . 9.74 to 9.90 9.82 612.4 +8544 
20 sao | be8:8 | “s0at 
pi a 7.8 to 8.6 8.36 521.3 | .3017 
50 50 8.20 511.4 2959 
Bronze { FOPPer Me toot] 8-52 to 8.96 8.853 B52. | .8195 
> 
Cadmabuniil: Wiit.g sete 8.6 to 8.7 8.65 539. 8121 
Calcium 1.58 
Chromium........ haha 4 R 
Cobalt..-....... el sieis ese 8,5) “to 8:6 
Gold P Pure. seciisecs volo eed 19.245 to 19.361 19,258 1200.9 6949 
Corre Perewtnn eaters Wsiceucasiaal 16509 to’ 8798 8.853 552. 8195 
Mriditigi s.r cee ce verae 22.38 to 28. 1396. 8076 
Won, ast ae caress. ceo e 6.85 to 7.48 7.218 450. 2604 
“  Wrought....... mses 7.9 7.70 480. 2779 
TOR eo vse pew’ igh cic een 11.07 to 11.44 11.38 709.7 4106 
Manganese........-....+++ o 8 8. 499. 2887 
Magnesium,,........... -| 1.69 to 1.% 1.75 109. 0641 
32°] 13.60 to 13.62 13.62 849.3 4915 
Mercury...........- 60° 13.58 18.58 846.8} 4900 
212°| 13.37 to 13.38 13.38 834.4 4828 
WIGHT, Ss vanetn rbasee> ch 8.279 to 8.93 8.8 548.7 B17 
PIBUD UM ne, we ven singiciclan 20.33 to 22.07 21.5 1347.0 | .7758 
Potassium...... a Are ain anip's 0.865 
ilver.. Anan 10.474 to 10.511 10.505 655.1 | .3791 
Sodium........ ie Aa sea 0.97 
Steel Src. cen easesncas seas 7.69* to 7.932t 7.854 489.6 +2834 
Dinkcewadees ves| 7.291 to 7.409 7.350 458.3 +2652 
Titanium... aeehes 5.3 
PUM PREC Tele vivla.ktg bce oslo ars 1. to 17.6 
ZANCES DU LUC I eteices soles 6.86 to 7.20 7.00 436.5 +2526 


* Hard and burned. 

+ Very pure and soft. The sp. gr, decreases as the carbon is increased. 

In the first column of figures the lowest are usually those of cast metals, 
which are more or less porous; the highest are of metals finely rolled or 
drawn into wire, 


Specific Gravity of Liquids at 60° F, 


Bei MUnIatG cio, Vaceiiens paniae 200 LOU OUVG) ic cc-mssinenesdes ’ 
Be BORIC Mage som cance cee ah i 9) gi thon EA bow Ge Ae! ‘ 
“  Sulphuric....,.......... 1.849] ‘* Petroleum.. ie 
AICOMO] DULG. cantreannerclesse nist) ieee seeecriny viachionine 
ee Per CNG... cere . .816] ‘“* Turpentine..... ( 
CI oil POD ING eh SRB Nt elements Quek Pare PUNVLALG Lanarcis g sine 
Ammonia, 27.9 per cent....... .891] Tar......... 


Bromine: nalnesticnss seme aces 2.97 | Vinegar. 
Carbon disulphide .,...,...... 1.26 | Water.... mentee ieefaia nse 

Ether, Sulphuric.......s000008 602 SOO ROBs wis signe dusieasae MsUCG tO sO 
Oily TANSOOs sigissaes cor cvandiecer 904 


Compression of the following Fluids under a Pressure of 
15 Ibs. per Square Ench. =e 


»  "Water..........00.++- 00004663 | Ether......0.0-0++- .00006158 
Alcohol, ....+.+ +--+. .0000216 | Mercury........+++ .00000265 
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The Hydrometer. 


__ The hydrometer is an instrument for determining the density of liquids. 

| It is usually made of glass, and consists of three parts: (1) the upper part, 
ie graduated stem or fine tube of uniform diameter; (2) a bulb, or enlarge- . 
| ment of the tube, containing air; and (3)a sma" bulb at the bottom, con- 

| taining shot or mercury which causes the instrument to float in a vertical 

| position. The graduations are figures representine either specific gravities, 

| or the numbers of an arbitrary scale, as in Baumé’s, Twaddell’s, Beck’s, 
| and other hydrometers. 

| There is a tendency to discard all hydrometers with arbitrary scales and 

_to use only those which read in terms of the specific gravity directly. 


Baume’s Hydrometer and Specific Gravities Compared, 
Liquids { Liquids J »_.) Liquids | Liquids -| Liquids | Liquids 


aj n 
$5| Heavier | Lighter | $‘¢] Heavier | Lighter £| Heavier | Lighter 
: Be S| _ than than #5] than than 
o8@ 8 8 Water, | Water, | 23| Water, | Water, 
FA Sp. gr. sp. er, AA Sp. gr. Sp. gr. 
a) 1.148 942 88 1.383 839 
ie 1.152 936 39 1.345 834 
ee 1.160 930 40 1.357 830 
3 1.169 2924 41 1.369 825 
4 1.178 918 42 1.382 «820 
5 1.188 913 44 1,407 8iL 
6 1.197 -907 46 1.434 
rf 1.206 +901 48 1.462 794 
8 1.216 -896 50 1.490 . 
. 9 1.226 -890 52 1.520 
1.236 885, 54 1.551 768 
1.246 -880 56 1.583 760 
1.256 874 58 1.617 . 
1.267 .869 60 1.652 745 
1,277 -864 65 9 Wey 0 dees a ences 
1.288 -859 70 1 veesiencniee 


1.310 1849 76} 2.000 [SE 


Weight Weight 
per er 
Cubic Specific Gravity, cubic 
Foot, Foot, 
Ibs. Ibs. 

Avge. 
42 +76) 47 
47 -56] 35 
45 6 -56) 85 
22 -65 to 1.33 1.00) 62 
46 . 37 
41 46 
70 -81} 51 
89 5 -68] 42 
41 -56to .90 .78} 46 
85 .96 to 1.26 1.11] 69 
15 -69to .86 .77] 48 
83 T3to .75  .74) 46 
47 85to 55. 28 
v4 -46to .76 61) 38 
88 88 to .58 .48] 30 
OOP PIR eT | 387 -40to 150 .45) 28 
57 59to .62 . 37 
87 -66to .98 82) 51 
24 50 to .67 .58) 36 
48 49to .69 . 84 
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Weight and Specific Gravity of Stones, Brick, 
Cement, etc. 


Pounds per Specific 
Cubic Foot. Gravity. 
ASPB, orice ssp esaseveececessisves sr 87 1.39 
Brick, Soft. . 255. meaner Avo ETT canes 100 1.6 
Common.......-.. «SPREE 8 112 1.79 
HF Ce BRS eore Gnnuce ctr urea : 125 2.0 
SOUP TORSO ne wales singers vie'e'e Reese vases 185 2.16 
SEPSIS, oa eseeares Tee canis ale 140 to 150 2.24 to 2.4 
Brickwork i in mortar....... eaneshiee astioe 100 1.6 
M7 COMONE. . «.. . secampeiss oc oe 112 1.79 
Cement, Rosendale, lope: Steak oes 60 96 
“ +r teas, ENS Faw uplehindase'pn vis} 1.25 
Clays <2 Aeiabinites VpuinnsGee yecruesle visas 120 to 150 1.92 to 2.4 
Concrete 9 0'g We eV dee ceamng sivas bie 120 to 140 1.92 to 2.24 
Earth, loose........ eeacea weceenecse coe 72to 80 1.15 to 1.28 
“Tamm Perr errr reer) 90 to 110 1.44 to 1.74 
PORIGEY 5 sicoitcnens noseus ane «Xe <cupinge 6 aie'oe 250 4, 
Glass... SRewivaanpons dese 156 to 172 2.5 to2.74 
‘* flint.. se kausReceisap esc des 180 to 196 2.88 to 3.14 
Geatite | -1dsaesnevee dav abeanuchessesene].s 1-160 t0.990 2.56 to 2.72 
Gravel...... Gas cen sus geagneesmave! essa 100 to 120 1.6 to1.92 
Gypsum..... FS AAAS Se Act meee 130 to 150 2.08 to 2.4 
ornblende......... * 200 to 220 8.2 to 3.52 
Lime, quick, in bulk.. Hs 50 to 55 K.8 to .88 
Limestone:.........- ... daguyisk sige 170 to 200 2.72 to 3.2 
Magnesia, Carbonate..........-ss.ee0e- 2.4 
Marble. . peweccadasceeesou 160 to 180 2.56 to 2.88 
Masonry, dry rubble. BSAC ON 140 to 160 2.24 to 2.56 
TesSEd...0.0005 140 to 180 2.24 to 2.88 
PROTUAT is ce ep ences versace 90 to 100 1.44 to 1.6 
ig) ee Fa ie 1.15 
Plaster of Paris..... Pre etats iain scalaieretatotenels 74to 80 ai to 1.28 
2. 
90 to 110 1.44 to 1.76 
140 to 150 2.24 to 2.4 
170 to 180 2.72 to 2.88 
135 to 200 2.16 to 3.4 
170 to 200 2.72 to 3.4 
110 to 120 1.76 to 1.92 
166 to 175 2.65 to 2.8 


Specific Gravity and Weight of Gases at Atmospheric 
Pressure and 32° F. 


(For other temperatures and pressures see pp. 459, 479.) 


Oxygen, O........ 
Hydrogen, H....... be 
Nitrogen, N.is...:...0-..5 
Carbon monoxide, CO.. 
Carbon dioxide, CO... 
Methane, marsh- “Bas, CH, 
Ethylene, C,H,. 
Acetylene, . rie 5 
Ammonia, NHg........-. 
Water vapor, 1,0 


Density, 
Air = As 


0.5889 


0.6218 


el Grammes| Lbs. per |Cubic Ft, 
= 1. |per Litre.| Cu. Ft. | per Lb, 


14.444 1.2931 -080723 | 12.388 
ie i 


S 
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PROPERTIES OF THE USEFUL METALS, 


Aluminum, Al,—Atomie weight 27.1. Specific gravity 2.6 to 2.7%. 
_ The lightest of ail the useful metals except magnesium. A Soft, ductile, 
_ malleable metal, of a white color, approaching silver, but with a bluish cast. 
_ Very non-corrosive. Tenacity about one third that of wrought-iron. For- 
_ merly a rare metal, but since 1890 its production and use have greatly in- 
creased on account of the discovery of cheap processes for reducing it from 
)the ore. Melts at about 1160°F, For further description see Aluminum, 
_ under Strength of Materials. 
_ Antimony (Stibium), Sb,—At. wt. 120.4, Sp. gr. 6.7 to 6.8. A brittle 
_ metal of a bluish-white color and highly crystalline or laminated structure. 
_ Melts at 842° F. Heated in the open air it burns with a bluish-white flame. 
Its chief use is for the manufacture of certain alloys, as type-metal (anti. 
mony 1, lead 4), britannia (antimony 1, tin 9), and various anti-friction 
_ metals (see Alloys). Cubical expansion by heat from 82° to 212° F., 0.0070, 
i 


Specific heat .050. : i : 
Bismuth, Bi.— At. wt. 208.!. Bismuth is of a peculiar light reddish 
color, highly crystalline, and so brittle that it can readily be pulverized. It 
melts at 510° F., and boils at about 2300° F. Sp. gr. 9.823 at 54° F., and 
10.055 just above the melting-point. Specific heat about .0301 at ordinary 
temperatures. Coefficient of cubical expansion from 82° to 212°, 0.0040. Cons 
_ ductivity for heat about 1/56 and for electricity only about 1/80 of that of 
_ silver. Its tensile strength is about 6400 Ibs. per square inch. Bismuth ex- 
~ pands in cooling, and Tribe has shown that this expansion does not take 
place until after solidification. Bismuth is the most diamagnetic element 
known, a sphere of it being repelled by a magnet. 
' Cadmium, Cd.—At. wt. 112. Sp. gr. 8.6 to 8.7. A bluish-white metal, 

- lustrous, with ‘a fibrous fracture. Melts below 500° F. and yolatilizes at 
about 680° F, It is used as an ingredient in some fusible alloys with lead, 
_ tin, and bismuth. Cubical expansion from 32° to 212° F., 0.0094, 

Copper, Ou.—At. wt. 63.2. Sp. gr. 8.81 to 8.95. Fuses at about 1980° 
‘FF. Distinguished from all other metals by its reddish color. Very ductile 
- and malleable, and its tenacity is next to iron. Tensile strength 20,000 to 

_ 30,000 lbs. per square inch, Heat conductivity 73.6% of that of silver, and su- 
_ pevior to that of other metals, Electric conductivity equal to that of gold 
| and silver. Expansion by heat from 32° to 212° F., 0.0051 of its volume. 
_ Specific heat .093. (See Copper under Strength of Materials; also Alloys.) 

_ Gold (Aurum), Au.—At, wt. 197.2. Sp. gr., when pure and pressed in a 
' die, 19.34. Melts at about 1915° F. The most malleable and ductile of all 
_ metals. One ounce Troy may be beaten so as to cover 160 sq. ft. of surface, 
The average thickness of gold leaf is 1/282000 of an inch, or 100 sq. ft. per 
ounce. One grain may be drawn into a wire 500 ft. in length. The ductil- 

y is destroyed by the presence of 1/2000 part of lead, bismuth, or an! inane 

old is hardened by the addition of silver or of copper. In U.S. gold coin 
there are 90 parts gold and 10 parts of alloy, which is chiefly copper with a 
ittle silver. By jewelers the fineness of gold is expressed in carats, pure 
_ gold being 24 carats, three fourths fine 18 carats, ete. 
_ Kridium.—Iridium is one of the rarer metals. It has a white lustre, re- 
“Sembling that of steel; its hardness is about equal to that of the ruby; in 
the cold it is quite brittle, but at a white heat it is somewhat malleable. It 
‘is one of the Meaviest of metals, having a specitie gravity of 2v.38. 1t is ex- 
tremely infusible and almost absolutely inoxidizab CH 

_ For uses of iridium, methods of pianutacturing ie etc., see paper by W. D. 
Dudley on the ‘Iridium Industry,’’ Trans. A. I. M. B, 1854. 

_ _ Kron (Ferrum), Re.—At. wt. 56. Sp. gr.: Cast, 6.85 to 7.48; Wrought, 
4to 7.9. Pure iron is extremely infusible, its melting point being above 
3000° F' , but its fusibility increases with the addition of carbon, cast iron fus- 

ing about 2500° F, Conductivity for heat 11.9, and for electricity 12 to 14.8, 

ver being 100, Expansion in bulk by heat: cast iron .0033, and wrought iron 

035, from 32° to 212° F. Specific heat: cast iron .1298, wrought iron .1138, 
“Steel .1165. Cast iron exposed to continued heat becomes permanently ex~ 
panded 114 to 3 per cent of its length. Grate-bars should therefore be 
allowed about 4 re cent play. (for other properties see Iron and Steel 
under Strength of Materials.) : 
Lead Peles ial Pb.—At. wt. 206.9. Sp. gr. 11,07 to 11.44 by different 
uthorities, Melts at about 625° F., softens and becomes postr: at about 
iv° F. If broken by a sudden blow when just below the melting-point it is 

Quite brittle and the fracture appears crystalline, Lead is very malleable 


a 
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and ductile, but its tenacity is such that it can be drawn into wire with great 
difficulty. Tensile strength, 1600 to 2400 lbs. per square inch. Its elasticity is 
very low, and the metal flows under very slight strain. Lead dissolves to 
some extent in pure water, but water containing carbonates or sulphates 
forms over ita of insoluble salt which prevents further action. 

Magnesium, Mg.—At. wt. 24. Sp. gr. 1.69 to 1.75. Silver-white, 
brilliant, malleabie, and ductile. It is one of the lightest of metals, weighing 
only about two thirds as much as aluminum. In the form of filings, wire, 
or thin ribbons it is highly combustible, burning with a light of dazzling 
brilliancy, useful for signal-lights and for flash-lights for photographers. It 
is pearly non-corrosive, a thin film of carbonate of magnesia forming on ex- 
posure to damp air, which protects it from further corrosion, It may be 
alloyed with aluminum, 5 per cent Mg added to Al giving about as much in- 
crease of strength and hardness as 10 per cent of copper. Cubical expansion 
by heat 0.0083, from 32° to 212° F, Melts at 1200° F. epee heat .25, 

Manganese, Mn.—At. wt.55. Sp. gr.7to 8. The pure metal is not 
used in the arts, but alloys of manganese and iron, called spiegeleisen when 
containing below 25 per cent of manganese, and ferro-manganese when con- 
taining from 25 to 90 per cent, are used in the manuf-cture of steel. Metallic 
manganese, when alloyed with iron, oxidizes rapidly in the air, and its fune- 
tion in steel manufacture is to remove the oxygen from the bath of steel 
whether it exists as oxide of iron or as occluded gas. 

Mercury (Hydrargyrum), Hg.—At. wt. 199.8. A silver-white metal, 
liquid at temperatures above—3¥° ¥’., and boils at 680° F, Unchangeable as 
gold, silver, and platinum in the atmosphere at ordinary temperatures, but 
oxidizes to the red oxide when near its boiling-point. Sp. gr.: when liquid 
13.58 to 13.59, when frozen 14.4 to 14.5. Easily tarnished by sulphur fumes, 
also by dust, from which it may be freed by straining through a cloth. No 
metal except iron or platinum should be allowed to touch mereury. The 
smallest portions of tin, lead, zinc, and even copper toa less extent, cause it 
to tarnish and lose its perfect liquidity. Coefficient of cubical expansion — 
from 32° to 212° F. .0182; per deg. .000101. 

Nickel, Ni.—At. wt. 58.3. Sp. gr. 8.27 to 8.93. A silvery-white metal 
with a strong lustre, not tarnishing on exposure to the air. Ductile, hard, 
and as tenacious asiron, It is attracted to the magnet and may be made 
magnetic like iron. ' Nickel is very difficult of fusion, melting at about 
3000° F. Chiefly used in alloys with copper, as german-silver, nickel-silver, 
etc,,.and recently in the manufacture of steel to increase its hardness and 
strength, also for nickel-plating. Cubical expansion from 32° to 212° F., 
0.0038. Specific heat .109. 

Platinum, Pt.—At. wt. 195. A whitish steel-gray metal, malleable, 
very ductile, and as unalterable by ordinary agencies as gold. When fused 
and refined it is as soft as copper. Sp. gr. 21.15. It is fusible only by the 
oxyhydrogen blowpipe or in strong electric currents. When combined with 
iridium it forms an alloy of great hardness, which has been used for gun- 
vents and for standard weights and measures. The most important uses of 
platinum # the arts are for vessels for chemical laboratories and manufac- 
tories, and for the connecting wires in incandescent electric lamps. Cubical 
expansion from 32° to 212° F,, 0.0027, less than that of any other metal ex- 
cept the rare metals, and almost the same as glass, 

Silver (Argentum), Ag.—At. wt. 107.7. Sp. gr. 10.1 to 11.1, according to 
condition and purity. lt is the whitest of the metals, very malleable and 
ductile, and in hardness intermediate between gold and copper. Melts at 
about 1750° F. Specific heat .056. Cubical expansion from 382° to 212° F. 
0.0058, Asa conductor of electricity it is equal to copper. As a conducto; 
of heat it is superior to all other metals.: ads 

‘Fin (Stannum) Sn.—At. wt. 118. Sp. gr. 7.293. White, lustrous, soft, 
malleable, of little strength, tenacity about 3500 lbs. per square inch. Fuses 
at 442° F. Not sensibly volatile when melted at ordinary heats. Heat con- 
ductivity 14,5, electric conductivity 12.4; silver being 100 in each case. 
Expansion of volume by heat .0069 from 82° to 212° F. Specific heat .055. Its 
chief uses are for coating of sheet-iron (called tin plate) and for making 
alloys with copper and other metals. 

Zine, Zn.—At. wt. 65. Sp. gr. 7.14. Melts at 780° F. Volatilizes and 
burns in the air when melted, with bluish-white fumes of zine oxide. It is 
ductile and malleable, but to a much less extent than copper, and its tenacity, 
about 5000 to 6000 lbs. per square inch, is about one tenth that of wrought 
iron. It is practically non-corrosive in the atmosphere, a thin film of. car- 
bonate of zine forming upon it. Cubical expansion between 82° and 212° F., 
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0.0088. Specific heat .096. Electric conductivity 29, heat conductivity 36 
_ silver being 100. Its principal uses are for coating iron surfaces, called 
r “ galvanizing,” and for making brass and other alloys. 

Table Showing the Order of 
Malleability. Ductility. Tenacity. Unfusibility. 


ie Gold Platinum Tron Platinum 
; Silver Silver Copper Tron 

4 Aluminum - Tron Aluminum Copper 

, Copper, Copper Platinum Gold 

; Tin Gol ilver Silver 
Lead Aluminum Zine Aluminum 
Zine Zine . Gold Zine 
Platinum Tin Tin Lead 
Tron Lead Lead Tin 


WEIGHT OF RODS, BARS, PLATES, TUBES, AND 
SPHERES OF DIFFERENT MATERIALS. 
Notation : b = breadth, ¢ = thickness, s = side of square, d = external 

4 diameter, d, = internal diaineter, all in inches. 
; Sectional areas: of square bars = s?; of flat bars = bt; of round rods = 
.7854d?; of tubes = .7854(d? — d,2) = 3.1416(dt — #2). 

Volume of 1 foot in length: of square bars = 12s?; of flat bars = 12bt; o€ 
round bars = 9.4248d?; of tubes = 9.4248(d? — d,?) = 37.699(dt — 72), in eu. in. 

Weight per foot length = volume x weight per cubic inch of the material. 
Weight of a sphere = diam.’ X .5286 X weight per cubie inch. 


a e ° Th be o o |g a Cy 
p j a |8s. va 3 Se 
2 (3 \ee4| 23.|28./2 2 |es,| 4 
s |, |S'o2] Sea Eg o> | eon fe. <a 
Material S jog [ost] yoo] see | Bs FS | oes | ve 
. 9 {85 leas] od] eed [oe (es | sad | of 
aap ag | 
a (Ee [Ses] S| S22 | $3 (ees) B82 | See 
a |B i TB LE” Fie ae 
Cast iron.......... 7.218)450. | 37.5) 3lgs2] 38lgbt|.2604/15-16|2.454d2! .13638d@ 
_ Wrought Iron..... 7.7 1480. | 40. 3lgs3| B1ebt|.2779|1. — 12.618d2| .1455a® 
BSGOOLS fo on vstaneins 3 7.854/489.6) 40.8)3.4s2 |3.46¢ |.2833/1.02 |2.670d2| .1484a 


Copper & Bronze 
> (copper and te 8.855/552. | 46. |3.838s2/3 8383b¢!.3195/1.15 |8.011d2|.16738a= 


F: Brass | $2 GppPer- 8.393/53.2| 43.6|3. 6339213. 638b¢|.802911.09 [2.854a2|. 158648 
11.38 {709.6} 59.1/4.93s2 |4.93b¢ |.4106/1.48 3.97002] 21504" 
2.67 [166.5] 13.9|1.16s2 |1.16b¢ |.0963/0.84710, 90802] 0504a> 


- Glass... ..-...-+-.] 2.62 |163,4} 13.6}1.13s? }1.130¢ |.0945/0.384 |0.891d2|.0495as 
_ Pine Wood, dry...| 0.481] 30.0} 2.5/0.21s? {0.21b¢ |.0174/1-16 |0.164d?}.0091a8. 


Weight per cylindrical in., 1 in. long, =coefficient of d? in ninth col. +12. , 

; For tubes use the coefficient of d? in ninth column, as for rods, and 

- multiply it into (d*—d;?); or multiply it by 4(dt—?). ¢ 

_ For hollow spheres use the coefficient of d’ in the last column and 
moultiply it into (d3—d,3). ; 

4 For hexagons ‘multiply the weight of square bars by 0.866 (short. 
diam. of hexagon=side of square). For octagoms nmiultiply by 0.8284. 


MEASURES AND WEIGHTS OF VARIOUS 
MATERIALS (APPROXIMATE). 
_ Brickwork.—Brickwork is estimated by the thousand, and for various 
_ thicknesses of wall runs as follows: 
8/4-in. wall, or 1 brick in thickness, 14 bricks per superficial feet, 
34 ZA +e os ae 1 “a “ “é 21 “ “s “6 a 
ba “ “ a“ 2 oe “ Md 28 oe “ “ oF 
2146 « ae “ 244 “es “ “ 35 “cc “ee “ee “ee 
An ordinary brick measures about 814 x 4 X 2 inches, which i 

cubic inches, or 26.2 bricks to a cubic foot, The average weight fad we ee 
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Fuel.—A bushel of bituminous coal weighs 76 pounds and contains 2688 
cubic inches = 1,554 cubic feet. 29.47 bushels = 1 gross ton. 

A bushel of coke weighs 46 Ibs. (35 to 42 Ibs.). 

One acre of bituminous coal contains 1600 tons of 2240 Ibs. per foot of 
ler nterri of coal worked. 15 to 25 per cent must be deducted for waste in 


ing. 

iT tc to 45 cubic feet bituminous coal when broken down,..... = 1 ton, 2240 Ibs. 
34to41 ‘ ‘* anthracite, prepared for market = 1 ton, 2240 lbs. 
123 ae #4 OF Charcoal. s.\ie tse sie = 1 ton, 2240 Ibs. 
70.9 “s Shep COKOs vine = i ton, 2240 Ibs. 
1 cubic foot of anthracite coal (see also pag = 55 to 66 lbs. 
1 Oe JeuiOLbUMRINOUS)* asa osisventsitensay = 50 to 56 Ibs. 
1 ‘“ ‘* Cumberland coal. = 53 Ibs. 

Fe * Cannel coal... = 50.3 Ibs. 
1 = 18.5 Ibs, 
De een, CDIDB).. ce naked! tensa, doa ema ie as ns SMe = 18 lbs. 


1.—In ican Charcoal-Iron Work- 
ers’ Association adopted for use in its official publications for the standard 
bushel of charcoal 2748 cubic inches, or 20 pounds. A ton of charcoal is to 
be taken at 2000 pounds. This figure of 20 pounds to the bushel was taken 
as a fair average of different bushels used throughout the country, and it 
has since been established by law in some States. 


Ores, Earths, etc. 


13 eubie feet of ordinary gold or silver ore, in mine...... = 1 ton = 2000 Ibs. 
20 * broken quartz..... clas Sigh sac era aie tine eis Ste 1 ton = 2000 lbs. 
18 feet of oeeohe AID aM Seats cae toute rosea casleteaaea beeen cs noes = 1 ton. 
27 cubic feet of gravel when cae = 1 ton. 
25 BEINGS ie Seeiclnis a oie = 1 ton. 
18.0, “ earth in bank . - =1ton 
Pipes ae SEES He SS when dry... ~ eteesaraccusesacl=-b bons 
py 2 Step At Clay. uehtwe tes Netnetoe hanicibwea'acuntchicelse eden cee fepmiarie 2Onl- 


Cement,.—English Portland, sp. gr. 1.25 to 1.51, per bbl.... 400 to 430 Ibs. 
Rosendale, U. 8., a struck bushel --. 62to 70 lbs. 
Lime.—A struck bushel. ..5 2... .0c cscs nce ccccsncsccecces 72 to 75 lbs. 
Grain.—aA struck bushel of wheat = 60 lbs.; of corn = 56 Ibs.; of oats = 
30 lbs. 
Salt.—A struck bushel of salt, coarse, Syracuse, N. Y. = 56 lbs.; Turk’s 
Island = 76 to 80 lbs, 


Weight of Earth Filling. 
(From Howe’s “ Retaining Walls.”’) 
Average weight in 
Ibs. per eubic foot. 


Earth, common loam, loose Wookie esasiee hid be En eeivas ~ 02 GO) .80 

FS RRAK OR Scdautcs.<seactwe waents @ +» &to 92 

“| se “« rammed moderately......... 90 to 109 

tls Solecleseded Tapeteecdahscpersusseece $e a evre sents e to = 
ANC « velne wicic tarsus checee Sos, tol 

Soft flowing mud.. See nat shccnt dn nciadas 104 to 120 


Sand, perfectly wet. mG aise sine Nelvleca dense capielepicincsie'aaie) LAG AO hed 


COMMERCIAL SIZES OF IRON BARS, 
Flats. 


Width. Thickness, Width. Thickness. | Width. | Thickness. 


to 17 toJ 4 to 2 
% ite 4] xe to iss 4% hae 
1 to 15/16 214 to 134 5 34 to 2 
1 to1 264 % tol 51 YY to2 
1 to 114 2 aA to 184 6 4% to2 
1 to1 Qi tol 614 Y to2 
w | fom | | gem | o. | Be 

ce) 0 4 
rt 3/16 to 1 3% 4 to2 
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qromusdas 3 4 to 18 inches, advancing by i6ths, and 13g to 5 inches by 
th: 
os Squares: : 5/16 to 114 inches, advancing by 16ths, and 114 to 3 inches by 


Halt rounds: 7/16, 4, 5, 11/16, 34, 1, ‘i brea 1%, 134, 2 inches. 
Hexagons: 3 to 1% as advancing | 
Ovals: 6 x 4, % X 5/16, 34 X 34, % X71, 
oe xX i, 46 X 5/82, 34 eye Ye x 1/82, 14% xX 44, 1% x &, 
x inch 
Round-edge flats: 1% x 14, 134 x %, 1% x 56 inch. 
Bands: } to 1% inches, advancing by 8ths, 7 to 16 B. W. gauge. 
1% to 5 inches, advancing by 4ths, 7 to 16 gauge up to 3 inches, 4 to 14 
gauge, 314 to5 inches. 


WEIGHTS OF SQUARE AND BOUND BARS OF 
WROUGHT IRON IN POUNDS PER LINEAL FOOT. 


Tron weighing 480 lbs. per cubic foot. For steel add 2 per cent. 


Round Bar 
Ove Foot 
Long. 
Square Bar 
One Foot 


Square Bar 
Long. 
Weight of 


One Foot 
Long. 


Square Bar 
Weight of 


One Foot 
Long. 


Weight of 
Round Bar 


Round Bar 
One Foot 


Long. 


Thickness or 
Diameter 
in Inches. 

Weight of 

Thickness or; 
Diameter 
in Inches. 

Weight of 

Thickness or! 
Diameter 
in Inches. 

Weight of 
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7/16 | :638 | .501 32.55 | 25.57 || 13/16 | 112.6 
9716 | 1.055 828 4 | 35.21 | 27.65 || 15/16 | 117.5 | 92.29 
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22.97 | 18.04 5/16 | 94.08 73:89 12° | 480, | 377. 
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WEIGHT OF IRON AND ‘STEEL SHEETS, 
Weights per Square Foot. 
@or weights by Decimal Gauge, see page 82.) 
Thickness by American (Brown and 


Thickness by Birmingham Gauge, Sharpe’s) Gauge. 
Thick- Thick- 
No. of | ness in | Iron. | Steel, | No.of | nessin | Iron. | Steel. 
Gauge. | Inches. Gauge. | Inches, 
0000 454 18.16 | 18.52 0000 46 18.40 18.77 
000 3425 17.00 | 17.34 000 -4096 16.38 16.71 
00 38 15.20 | 15.50 00 3648 14.59 14.88 
0 13.60 | 13.87 0 63249 13.00 18.26 
1 3 12.00 | 12. 1 2893 11.57 11.80 
2 +284 11.36 | 11.59 2 «2576 10.30 10.51 
3 2259 10.86 | 10.57 3 +2294 9.18 9.36 
4 238 9.52 9.71 4 2043 8.17 8.84 
5 22 8.80 8.98 5 .1819 7.28 7.42 
6 203 8.12 8,28 6 1620 6.48 6.61 
cay 18 7.20 7.34 vd +1443 5.77 5.89 
8 -165 6.60 6.73 8 .1285 5.14 5.24 
9 148 5.92 6.04 9 1144 4.58 4.67 
10 134 5.36 5.47 10 1019 4.08 4.16 
11 12 4.80 4.90 11 0907 3.63 3.70 
12 109 4,36 4,45 12 -0808 3.23 3.30 
13 095 3.80 3.88 13 0720 2.88 2.94 
14 -083 3.32 3.39 14 0641 2.56 2.62 
15 072 2.88 2.94 15 0571 2.28 2.388 
16 065 2.60 2.65 16 -0508 2.08 2.07 
17 058 2.82 2.37 17 0453 1.81 1.85 
18 049 1.96 2.00 18 -0403 1.61 41.64 
19 042 1.68 tay | 19 -0359 1.44 1.46 
20 035 1.40 1.43 20 +0320 1.28 1.31 
21 032 1.28 1.81 21 0285 1.14 1.16 
22 -028 1.12 1.14 22 -0253 1,01 1.03 
23 025 1.00 1.02 23 0226 +904 - 922 
24 022 .88 898 24 0201 «804 820 
25 02 80 816 25 -0179 716 730 
26 .018 72 734 26 0159 686 649 
27 016 64 653 27 0142 568 579 
28 014 56 571 28 0126 504 514 
29 013 52 580 29 0113 452 461 
30 012 48 4 80 -0100 a 408 
31 01 -40 408 31 0089 356 363 
32 9 386 367 32 -0080 320 826 
33 008 +32 326 33 0071 2284 290 
34 007 28 +286 384 -0063 252 257 
35 -005 +20 204 85 0056 0224 228 
Tron, Steel. 
Specific gravity. ... ....ceseseses VK S 7.854 
Weight per cubic foot........... 480. 489.6 
CAME SSINISE ILS <r eto an care . 2778 «2833 


As there are many gauges in use differing from each other, and even the 
thicknesses of a certain specified gauge, as the Birmingham, are not assumed 
the same by all manufacturers, orders for sheets and wires should always 
state the weight per square foot, or the thickness in thousandths of an inch, 
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WEIGHTS OF STEEL BLOOMS. 
Soft steel. 1 cubic inch = 0.2841b. 1 cubic foot = 490.75 Ibs. 


Lengths. 


1” 6” 12" 18” g4" 80’ 86” 4Q"" 48/' 54// 60” 66”’ 


c 82 654 | 736 | 818 | 900 
18.75} 118 | 225 | 838 | 450 | 563 | 675 | 788 ae a 1125 |1238 
‘ 


12.50| 75 | 150 | 225 | 300 | 375 | 450 | 525 | 600 | 675 | 750 | 825 


19.88] 120 | 239 | 358 | 477 | 596 | 715 | 835 | 955 |1074 |1193 |1312 
17.04} 102 | 204 | 207 | 409 | 511 | 618 | 716 oe 920 a 1125 
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SIZES AND WEIGHTS OF STRUCTURAL SHAPES. 


Minimum, Maximum, and Intermediate Weights and 
Dimensions of Carnegie Steel I-Beams, 


Sec- |Depth| Weight Web f Sec- |Depth Weight| Web 
tion of per ee Thick-j tion | of per | Bian ©! Thick: 
Index/Beam.| Foot. ‘| ness. fIndex|Beam-| Foot. "| ness. 
ins Ibs, ins. ins. ins, Ibs ins ins. 
Bi 24 100 7.25 0.75 B19 6 17.25 3.58 0 48 
fA . 95 TA9) 0.69 § BC 14.75 | 3.45 0.35 
4 st 90 7.13 0.63 a is 12.25 3.33 0.23 
E se 85 7.07 0.57 B21 5 14.75 3.29 0.50 
a iy 80 7.00 0.50 Bu Mi! 12.25 | 3.15 0.36 
| B3 20 i 6.40 0.65 By ee 9,75 3.00 0.21 
Sk ay 70 6.33 0.58 B23 4 10.5 2.88 0.41 
e ie 65 6.25 0.50 an i 9.5 2.81 0.34 
B80 18 70 6.26 0.72 § ov 8.5 2.18 0.26 
| : ‘ 65 6.18 0.64 $& es 7.5 2,66 0.19 
AY Sg 60 6.10 0.56 BY 3 T.5 2.52 0.36 
es by 55 6.00 0.46 s be 6.5 2.42 0.26 
B? 15 55 5.75 0.66 ee cS 5.5 2.33 0.17 
| ss oe 50 5.65 0.56 B2 20 100 7.28 0.88 
| 4 ue 45 5.55 0.46 2 i. 9% 7.21 0.81 
es £¢ 42 5.50 0.41 - ee 90 7.14 0.74 
BO 12 35 5.09 0.44 RS ee 85 7.06 0,66 
Gd eS 31.5 5.00 0.35 e is 80 7.00 0.60 
Bit 10 40 5.10 0.75 B4 15 100 6.77 1.18 
« G. 35 4,95 0.60 Bs ne 95 6.68 1.09 
=F sf 30 4.81 0.46 * sf 90 6.58 0.99 
te 3 20 4.66 0.31 s ee 85 6.48 0.89 
' Bi3 9 35 4.77 0.73 a se 80 6.40 0.81 
s¢ os 30 4.61 0.57 BS 15 75 6.29 0.88 
~ sé 25 4.45 0.41 uA nS 70 6.19 0.78 
Re a 21 4.33 0.29 * er 65 6.10 0.69 
Bib 8 25.5 4.27 0.54 s $f 60 6.00 0.59 
or Ls! 23 4.18 0.45 B8 12 55 5.61 0.82 
7 = 20.5 4.09 0.36 io hd 50 5.49 0.70 
by i 18 4,00 0,27 ra es 45 5.37 0.58 
j Biv af 20 3.87 0.46 23 se 40 6.25 0.46 
Reel eeac Wh ae Bh eer aaah iene Sections B2, B4, B5, and B8 are 


**special”’ beams, the others are 
* standard.” 


Sectional area = weight in lbs. per ft. + 3.4, or X 0.2941. 
Weight in lbs. per foot = sectional area x 3.4. 


Maximum and Minimum Weights and Dimensions of 
Carnegie Steel Deck Beams. i 


! Weight per ‘ Web Increase of _ 
section} pee | Foot, tbs. [ee Width) mickness, | Web and 
| Index. | Beam, : Flange per 
inches.| ,,. 4 ‘ Ib. increase 
Min. | Max. | Min. | Max.} Min. | Max. of Weight. 
B100 10 27.23 | 35.7 5.25 | 5.50] .38 63 029 
B101 9 26.00 | 80.00 | 4.914] 5.07 44 5? 033 
5 BOS 8 20.15 | 24.48 | 5.00} 5.16] .31 Ys 037 
B103 7 18.11 | 23.46 | 4.87 | 5.10 BL 54 042 
B105 6 15.30 | 18.36 | 4.38 | 4.58 28 43 049 
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Minimum, Maximum, and Intermediate Weights and 


Dimensions of Carnegie Standard Channels, 


Bogs) ee |e a ig fads 
a O83 e635 | S818 .81, Seo | ess] 33 
S¥jsa5|/ 8.8 | Ses] eee $. | 48s | 5° yor 

B3 e890 mes | #9 o$2Pss] Sse )}m55] 259 

Bs [S05] 28a) sea | Seah os | 68/385] Ses 

n IA 5 & = an |aQ = & 

C1 | .15 | 55 3.92 | 0.82 f os | 8 16.25 | 2.44 
& “ | 50 3.72 | 0.72 e “ 13.75 | 2.35 
“ “1 45 3.62 | 0.62 “ “ 11.25 | 2.26 
~ “1 40 3.52 | 0.52 | C6 7 19.75 | 2.51 
ss “co 235 3.43 | 0.43 “ “ 17.25 | 2-41 
“ « 1 33 3.40 | 0.40 “ “ 14.75 | 2.30 

cz | 12 | 40 3.42 | 0.7 “ “ 12.25 | 2.20 
« Be ees) 3.30 | 0.64 “ “ 9.75 | 2.09 
“ set 80 8.17 | 0.51 Pa a 15.50 | 2.28 
“ Sa lease 3.05 | 0.39 “ “ 13 2.16 
cB “ 1 20.5 | 2.94 | 0.28 “ “ 10.50 | 2.04 

OBE 10 B35 3.18 | 0.82 “ “ 8 1.92 
“ “ | 30 2.04 | 0.68 | C8 5 11.50 | 2.04 
“ c=) 295 2.89 | 0.53 “ “ 9 1.89 
“ © 1-20 2.74 | 0.38 “ “ 6.50 | 1.75 
“ ) 45 2.60 | 0.24 f oo | 4 7.25 | 107 

C4 9 | 25 2.82 | 0.62 “ “ 6.25 | 1.65 
as “1 90 2.65 | 0.45 “ “6 5.25 | 1.58 
“6 eats 2.49 | 0.29 J ove] 3 6 1.60 
“ “1 13.25.] 2.43 | 0.23 “ “ 5 1.50 

(or) 8 | 21.25] 2.62 | 0.58 “ “ 4 1.41 
cs “ 1} 18.75 | 2.53 | 0.49 


Weights and Dimensions 


Hiwhwwewarmwpocwhonwonm 
28s Ross 


| 


Inches, 


Web Thick- 
ness. 


OO nNwwuoeoe 


DBUWOWaAS 


of Carnegie Steel Z-Bars. 


ee Size. tas Size. 
S , nd A 
Alpe hard a 3G i le FA 13 
ss| c= | & S2/83| g3 | & as 
sz a} a =) Xo@g sy 5) a s 2S 
96 | -=S 3s ® ou 7 O8 |] 3 3 oO ‘Ay 
om geo py Se om ge = 

n = ey oe ate a i E i= 
ZA 3g | 3% |6 15.69 Z6 ) 3% | 35/16 |51/16| 26.0 
MS 7/16 B 9/16 | 6 1/16 | 18.3 ss 18/16 | 3 3% 5 28.3 
“ 4% |3 56 16 1% | 21.0 ” 4% 131/16 | 4 8.2 
Z2/ 9/16 |3 te |6 © [art “ | s7ie 13 1 | 41/16! 10:3 
“ § 39/16 | 61/16) 25.49 « 3 1338/16 | 4 1% | 42.4 
“ {11/16 13 5g |6 1% | 280 zs | vie 181/16) 4 13.8 
ZB 194 |'8° IEIAL8 29.39 % 13 1% 141/16! 15.8 
es 138/16 | 39/16 | 6 1/16 | 32.0 ey 9/16 88/16|}4 \% 17.9 
a % |3 56 16 1% | 384.6 3 1/16 | 4 18.9 
Z4 5/16 | 3 % 5 11.6 a 11/16 | 3 6 41/16} 20.9 
eS 86 3 5/16 | 5 1/16 | 13.9 ss 34 33/16} 4 14 22.9 
se 7/16 3 3% 5 1g 16.4 § Z10 YY 2 11/16) 3 6.7 
Zs 3 4% 15 7.89 “| 5/16 12 34 | 81/6} 8.4 
a 9/16 | 35/16 | 5 1/16 | 20.2 11 36 2 11/16} 3 O.7 
MM 3 5 4g | 22.6 Ss 7/16 | 2 34 | 31/16 11.4 
Z6 | 11/16 | 3 5 23.7 | Z12 4% 2 11/16} 3 12.5 
es 9/16 | 2 3% | 31/16 14.2 
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Pencoyd Steel Angles, 
EVEN LEGS. 


Approximate Weight in Pounds per Foot for Various 
Thicknesses in Inches. 


Size in 
+ Inches. | , 3 /16| 14 [5/16] 36 17/16] 36 |9/16| 54 11/16] 34 |18/16| 7 |15/16| 1 
125) .1875 e .8125| .875) .4375 4 .5625| .625] .6875 is ~8125) .875 ae 1.00 
8x8 26.4|29.8/33.2] 36.6|39.0| 42.4|45.8] 49.3/52.8 
6x6 14.8]17.3|19.7/22.0]24.4] 26.5/28.8| 31.0|33.4| 35.9 
5 xd 1213/14. 3|16.3|18.2|20.1] 22.0/93.8] 25.6|27.4| 29.4 
4 x4 8.2} 9.8/11.3/12.8]14.5/15.8] 17.2|18.6 
316 x31 7.1| 8.5| 9.8|11.1]12.4/13.7 
3 x38 4.9] 6.1] 7.2| 8.3] 9.4/10.4/11.5 
234 x 234 4.5] 5.5] 6.6| 7.7| 8.6 
216 x 26 3.1/4.1] 5.0] 5.9] 6.9] 7.8 
214 x 214 2.7|3.6| 4.5| 5.4 
2 x2 2.5/3.2| 4.0| 4.8 
134 x 134 2.1|2.8| 3.5] 4.1 
146 x 114|1.2] 1.8/2.4] 2.9] 3.5) 
134 x 114|1.0] 1.5/2.0 
1 x “1/0.8] 1.2)1.5 
UNEVEN LEGS. 
Approximate Weight in Pounds per Foot for Various 
: 4 Thicknesses in Inches. 
ie 
= je 
3/16| 14 |5/16 7/16 9/16 11/16 13/16| % |15/16} 1 
a % Oe 4, 3125, %. Ue 8 20) %. ae % 8125) 4. pe 1.00 
23.0|25.8/28.7] 31.7/33.8] 86.6/39.5| 42.5/45.6 
17.0\19.0/21.0| 23.0|24.8] 26.7|28.6| 30.5/32.5 
12.9]15.017.0/19.0|21.2| 23.4/25.6| 27.8|29.8] 31.9 
12.2]14.3]16.3|18.1/20.1] 22.0]23.8) 25.6/27.4] 29.4 
11.6|13.6/15.5|17.1|19.0] 20.8]22.6] 24.5/26.5] 28.6 
11.0/12.8]14.6|16.2]17.9 
11,0]12.8/14.6]16.2|17.9] 19.6]21.3 
8.7 |10.3]12.0|13.6|15.2|16.8] 18.4|20.0 
8.2 | 9.7]11.2]12.8]14.2|15.7] 17.2]18.7 
7.7 | 9.1]10.5/11.9|13.3]14.7] 16.6]17.4 
7.7 | 9.1/10.5|11.9}13.3]14.7] 16.0]17.4 
7.1 | 8.5] 9.8|11.1]12.4]13.8 
6.6 | 7.8] 9.1/10.3]11.6]12.9) 
4,96.1 | 7.2] 8.3] 9.4 
4,515.5 | 6.6] _ 
4.515.5 | 6.6] 7.7] 8.7 
4.115.0 | 5.9| 6.9] 7.9 
2.7/3.914.5 | 5.4! 6.2] 7.0 
2,3/3.9/3.7 | 4.4 
2.112.913.6 | 4.3 
1.9/2.6/3.3 | 3.9 


ANGLE-COVERS. 


Sizein | ane | 4 | sie | % | 716 | w% | 9/18 | % 


10.4 | 11.5 
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SQUARE-ROOT ANGLES. 


re Weight i 
Approximate Weight in Pounds Ae ae Foot ae 
per Foot for Various Thickuesses i Various Thicknesses 
Size in in Inches. Size in in Inches, 
PRCH OW) i eras et aie a es eres Inches nic ice er nee nein ee 
15/16 7/16| 4 (9/16| % ¥g | 3/16) 4 | 5/16] 34 
% "es Bs "Bib 50 |.5625) .625 +125) .1875] .25 | .3125] 375 
4 x4 9.8) 11.4] 13.0} 14.6)16.282 x2 3.3 | 4.1] 4.9 
314 x 31% 7.1 | 8.5) 9.9) 11.4 134 x 134 2.9 | 8.6 | 4.4 
x3 | 4.9] 6.1 | 7.2) 8.8! 9.4 1g x 146 1,80/2.4 | 3.0 
234 x 284) 4.5) 5.6 | 6.7] 7.8) 8.9 144 «14 1.58)2.04) 2.55 
2hex2h6| 4.1) 5.1 | 6.1] 7.1) 8.2 1 x1 |0,82) 1.16/1.53 
214 x 214| 3.6] 4.5 | 5.4 
Pencoyd Tees, 
Section Size Weight Section _ Size Weight 
Number, in Inches. | per Foot. {| Number, in Inches. | per k oot. 
EVEN TEES. UNEVEN TEES. 
440T 4 x4 10.9 | 
441T 4 x4 13.7 43T 4 x3 9.0 
335T 316 x 316 7.0 44T 4 x3 10.2 
336T 3% x 3 9.0 45T 4 x4% 13.5 
337 BY x 3 11.0 38T 81gx3 7.0 
330T 3 x3 6.5 39T 8g x38 8.5 
331T 38 x3 hak 30T 3 x1K 4.0 
225T 216 x26 5.0 31T 8B x2 5.0 
226T 216 x 246 5.8 32T 3B x2 6.0 
227T 21 x 6.6 83T 3B x2 7.0 
222T 214 x 214 4.0 34T 3 x2 8.0 
2237 214 x24 4.0 85T 3 x3l6 8.3 
220T 2 x2 3.5 36T 3 x34 9.5 
117T 134 x 134 2.4 28T 234 x 134 6.6 
115T 146 x 14 2.0 29T 284 x2. 7.2 
112T 1144x 14 1.5 25T Oe x 114 3.3 
110T ye 3 1.0 26T O16 254 5.7 
Q7T 26x3 6.0 
ee pax ane 2.2 
x 6 2.0 
Us? A ee ae 22T 2 x1 1/16 2.0 
21T 2 x1 2.5 
64T 6x4 17.4 23T 2 xi 3.0 
65T 6x514 39.0 17T 134x1 1/16 1.9 1 
53T 5x Big 17.0 18T 1% x 14 3.5 i 
547 5x4 15.3 16T 144 x 15/16 1.4 
42T 4x2 6.5 12T 4x 15/16 1.2 


Pencoyd Miscellaneous Shapes, 


Section < sh Weight per Foot 
ainbou Section. Size in Inches, te ounces 
217M Heavy rails. 6 50.0 
210M Floor-bars. |8 1/16x4%3 1/16x%{ tol] 7.1 to 14.8 
260M wo 214 x 6x hx 14 to 86 9.8 to 14.7 
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SIZES AND WEIGHTS OF ROOFING MATERIALS, 
Corrugated Iron, (The Cincinnati Corrugating Co.) 
SCHEDULE OF WEIGHTS. 


Weight per 
t 


Thickness in Weight per Won ean per 100 sq. Weight in oz. 
A Bedi 


decimal parts - per sq. ft. 
of an inch. meee : ttoa,| Corrugated Porelnared Flat, Galvane 
Flat, edhe det Jand Painted. | gaivanized. ized. 
.015625 6214 Ibs. 70 Ibs. 86 lbs. 1214 oz. 

6 -01875 75 os 84 *§ 99 “ 144% * 
025 100 My st A 1277" 184% ‘* 
-03125 125 ae 138 ‘ 154° 2214 ‘* 
0375 150 ae 165 *“* 182 * 2614 “* 
05, 200 $e 220 236 P54 is 
-0625 250 ie 275 ss 204 218° 4214 ‘* 


The above table is on the basis of sheets rolled according to the U.S. 
_ Standard Sheet-metal Gauge of 1893 (see page 31). It is also on the basis of 
_ 246 X %&% in. corrugations. 

_ To estimate the weight per 100 sq. ft. on the roof when lapped one corru- 
_ gation at sides and 4 in, at ends, se approximately 124% to the weights per 
_ 100 sq. ft., respectively, given above. 
i Corrugations 244 in. wide by 44 or 5g in. deep are recognized generally as 
the standard size for both roofing and siding; sheets ave manufactured 
usually in lengths 6, 7, 8, 9, and 10 ft., and have a width of 264 or 26 in. out- 
side width—ten corrugations,—and will cover 2 ft. when lapped one corruga- 
tion at sides. 

Ordinary corrugated sheets should have a lap of 114 or 2 corrugations side- 
lap for roofing in order to secure water-tight side seams; if the roof is 
_ rather steep 114 corrugations will answer. 

Some manufacturers make a special high-edge corrugation on sides of 
sheets (The Cincinnati Corrugating Co.), and thereby are enabled to secure 

a water-proof side-lap with one corrugation only, thus saving from 6% to 12% 
_ of material to cover a given area. 

The usual width of flat sheets used for making the above corrugated 
material is 2814 inches. 

No. 28 gauge corrugated iron is generally used for applying to wooden 
buildings; but for applying to iron framework No. 24 gauge or heavier 
should be adopted. 

Few manufacturers are prepared to corrugate heavier than No. 20 gauge, 
' but some have facilities for corrugating as heavy as No. 12 gauge. 

4 Ten feet is the limit in length of corrugated sheets. 
Galvanizing sheet iron adds about 2% oz. to its weight per square foot, 


Corrugated Arches. 


For corrugated curved sheets for floor and ceiling construction in fire- 
proof buildings, No. 16,18, or 20 gauge iron is commonly used, and sheets 
aay be curved from 4 to 10in, rise—the higher the rise the stronger the 
arch, 

a By a series of tests it has been demonstrated that corrugated arches give 
_ the most satisfactory results with a base length not exceeding 6 ft., and ¢ 
ft. or even less is preferable where great strength is required. ‘ 

These corrugated arches are usually made with 244 x 5% in. corrugations, 
and in same width of sheet as above mentioned. 


Terra-Cotta, 

4 Porous terra-cotta roofing 3’ thick weighs 16 Ibs. per square foot and 2” 

thick, 12 lbs. per square foot. : : ; 

: Ceiling made of the same material 2’ thick weighs 11 lbs. per square foot, 
Tiles. 


Flat tiles 614” x 1016” x 56’ weigh from 1480 to 1850 lbs, per square of 
roof (100 square feet), the lap being one-half the length of the tile. 

Vilcs with grooves and fillets weigh from 740 to 925 Ibs. per square of roof. 

Pan-tiles 1444” X 1044’ laid 10’ to the weather weigh Ibs, per square, 
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Tin Plate—Tinned Sheet Steel. 


The usual sizes for roofing tin are 14/7 x 20’ and 20” x 28/", Without 
allowance for lap or waste, tin roofing weighs from 50 to 62 lbs, per square 

Tin on the roof weighs from 62 to 75 Ibs. per square. 

Roofing plates or terne plates (steel P ates coated with an alloy of tin 
and lead) are made only in IC and IX thicknesses (29 and 27 Birmingham 
gauge). “Coke” and “charcoal” tin plates, old names used when iron 
made with coke and charcoal was used for the tinned plate, are still used in 
the trade, although steel plates have been substituted for iron; a coke plate 
now commonly meaning one made of Bessemer steel, and a charcoal plate 
one of open-hearth steel. The thickness of the tin coating on the plates 
varies with different “ brands.” 

For valuable information on Tin Roofing, see circulars of Merchant & Co., 
Philadelphia, 

The thickness and weight of tin plates were formerly designated in the 
trade, both in the United States and England, by letters, such as I.C., D.C., 
I.X., D.X., ete. A new system was introduced in the United States in 1898, 
known as the “ American base-box system.’’ The base-box is a package 
containing 32,000 square inches of plate. The actual boxes used in the trade 
contain 60, 120, or 240 sheets, according to the size. The number of square 
inchés in any given box divided by 32,000 is known as the ‘‘ box ratio.” This 
ratio multiplied by the weight or price of the base-box gives the weight or 
price of the given box. Thus the ratio of a box of 120 sheets 14 x 20 in. is 
33,600 -- 32,000 = 1.05, and the price at $3.00 base is $3.00 x 1.05 = $3.15. The 
following tables are furnished by the American Tin Plate Co., Chicago, Ill. 


Comparison of Gauges and Weights of Tin Plates. 
(Based on U. 8S. Standard Sheet-metal Gauge.) 


AMERICAN BASE-BOX. ENGLISH BASE-BOX. 
(32,000 sq. in.) (81,360 sq. in.) 

Weight. Gauge. Weight. 

DF LOA ae esisiosamnue sees No, 38.00 54.44 Ibs. 

CU | GRE sen = 95-30 puri pae nuws IR) 57.84 ‘* 

ie e  arew sta kivililc ei aches “6 35.64 6124 <*. 

aie as xprenatein aint eosin ees «34.92 68.05 ‘* 

bigs ease ciaisieb arate Sage 3 sien © 34.20 [4.85 ** 

BOD canine aieuesslacen ane 6 33.48 80.00 ** 

BOGAIae arable sukisane temo 32.71 85.00 ‘* 

DONE eb nen chiens cee ier a © 32.04 90.00 ‘ 

Baa vas Lansae saad oc aaa se 81,32 95.00 ‘* 
MOU ee Lissiedacw nck Mee senc ** 30.80 100.00 ** I.C,L, 
UO reper eels eee Aah caret 30.08 108.00 “ I.C, 
NBO pee fe Saasiemecane Ronn hit oe Sec. OT 12600)" 0 Rot 
SOON A raesis ec aapeanncccass s¢ 27.92 136.00 ‘* LX. 
TOO IS ge ncratveice, voice eetaniece 26.48 157.00 ** I.2x. 
ICOM ntecveee sereoereecee 6 25.52 178.00 ‘* TI. 3X. 
200 ‘ “24.89 199.00 “ T.4X. 
220 * “© 24.03 220.00 “ I. 5X. 
240 ** 23.36 241.00 ‘* I.6X. 
260 ** © 22.64 262.00 ‘* I. 7X. 
280 ‘* 121299 283.00 “* I. 8X. 
DAD Mire i aeiistem Senet satine's en 2.92 139.00 ‘* D.C. 
UO tectiafmieci sis tyes atte cus Uae a RESVEY? 180500 "DIX. 4 
ROU n carta iahcospa us kee *e 24.08 211.00 ** D. 2X. 
SA Ae ak rns ba ceaniater tek » COLOO 242.00 “* D. 3X. 
UL eEn GN sieved neteree se'R1.92 273.00 ‘* D. 4X. 
American Packages Tin Plate. 

Inches Inches Sheets 

Wide. denarii per Box§ Wide. Lene tite per Box 
9 to 1674'Square. 12 ‘* 1234/1734 and Jonger. 120 
17 “ 25% 'Square. 13 ‘ 1334/To 16 in. long, incl.) 240 
26 ‘* 30 aie: 13 to 1334/1614 and longer. 120 
9 * 1034/ All lengths, 240 #14 ** 1434/To 15in. long, inel.| 240 
11 “* 1134/To 18 in. long, incl.| 240 fd “ 14 4| 1544 and longer. 120. 
nh fiah 1184 184 and longer, 120 #15 ‘* 2584/ All lengths. 120 
12“ 1234'To 17 in. long, incl.| 240 926 ‘“* 80 lAlllengths. 60 


Small sizes of light base weights will be packed in double boxes. 
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Slate. 


. Number and superficial area of slate required for one square of roof. 
& (i square = 100 square feet.) 


Dimensions Number | Superficial Dimensions} Number | Superficial 


in per Area in in per Area in 
Inches. Square. Sq. Ft. Inches. Square. Sq. Ft. 
6x12 533 160 240 
7x12 457 169 235 
8x12 400 154 
9x12 355 141 
7x14 374 121 
8x14 327 137 
9x14 291 126 231 
10x14 261 108 
8x16 277 114 228 
9x 16 246 98 
10x 16 221 86 
9x18 213 89 225 
10x18 192 78 


As slate is usually laid, the number of square feet of roof covered by one 
slate can be obtained from the following formula : 
mui tenet pat taehes) = the number of square feet of roof covered. 


Albay of slate of various lengths and thicknesses required for one square 
of roof : 


Length Weight in Pounds per Square for the Thickness. 


in 
_ Inches. yr 3-16” yy 36” yy bg 34” wv 


H 12 483 24 967 1450 1936 2419 2902 3872 
14 460 688 920 1379 1842 2801 2760 3683 
16 445 667 890 1336 1784 2229 2670 3567 
18 434 650 869 1303 1740 2174 2607 3480 
r 20 425 637 851 1276 1704 2129 2553 3408 
; 22 418 626 836 1254 1675 2093, 2508 3350 
24 412 617 825 1238 1653 2066 2478 3306 
26 407 610 815 1222 1631 2039 2445 3263 


The weights given above are based on the number of slate required for one 
_ square of roof, taking the weight of a cubic foot of slate at 175 pounds. 
Pine Shingles. 


Dla and weight of pine shingles required to cover one square of 
roof : 


_ Number of | Number of | Weight in 
__ Inches | Shingles | Pounds of 


Exposed tolper Square] Shingle on Remarks. 

_ Weather. | of Roof. |One-square 

a of Roofs. 

4 Den 

; 4 900 216 The number of shingles per square is 
46 800 192 for common gable-roofs. For hips 
5 720 173 roofs add five per cent. to these figures. 
51g 655 157 The weights per square are based on 
6 600. 144 the number per square. 


| 
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‘ 


Skylight Glass. 


The weights of various sizes and thicknesses of fluted or rough plate-glass 
required for one square of roof. 


ee 


Dimensions in Thickness in Area Weight in Lbs. per 
Inches. Inches. in Square Feet. Square of Roof. 
12x 48 3-16 3.997 250 
15 x 60 A 6.246 350 
20 x 100 8 13.880 500 
94 x 156 1% 101.768 700 


In the above table no allowance is made for lap. 


If ordinary window-glass is used, single thick glass (about 1-16”) will weigh 
about 82 lbs. per square, and double thick glass (about 14’) will weigh about 
164 lbs. per square, no allowance being made for lap. A box of ordina’ 
window-glass contains as nearly 50 square feet as the size of the panes will 
admit of. Panes of any size are made to order by the manufacturers, but a 

reat variety of sizes are usually kept in stock, ranging from 6x8 inches to 
36 x 60 inches. 


APPROXIMATE WEIGHTS OF VARIOUS ROOK 
COVERINGS, 


For preliminary estimates the weights of various roof coverings may bs 
taken as tabulated below (a square of roof = 10 ft. square = 100 sq. ft.); 


Weight in Lbs. 

Name. Squats of Rook 
Cast-iron plates (8¢/’ thick) . 1 
Copper ie cine ae taeee 80- 125 
Felt and asphalt.............. 1 
Felt and gravel....... eanletsiie ee weplciias Snirere 
ALON; COLMMP ATED Sy sue dee eewons = seein ielguae 100- 375 
Iron, galvanized, MAb). 8 soc seccdscscccee 00- 350 
Math andsplastenss.aos$ scaastues nko gnnliers 900-1000 
Sheathing, pine, 1’ thick yellow, northern.. 

. Eb a ele ** “ southern.. 400 
Mpruce, 1 thick ws caies ee eee ger le ieee 200 
Sheathing, chestnut or maple, 1” thick...... 400 

es ash, hickory, or oak, 1’ thick... 500 
Sheet iron (1-16” thick)......... ..e...000 0, 300 

Ca Gaeta “* “and laths 500 
200 
900 


Approximate Loads per Square Foot for Roofs of Spans 
under 75 Feet, Including Weight of Truss, 
(Carnegie Steel Co.) 


Roof covered with corrugated sheets, unboarded 8 Ibs, 
Roof covered with corrugated sheets, on boards - 
Roof covered with slate, on laths 2 
Same, on boards, 114 in. thick.... ye 
Roof covered with sh s 
Add to above if plastered below rafters aq“ 
Snow, light, weighs per cubic foot a 


For spans over 75 feet add 4 lbs. to the above loads per square foot. 
It is customary to add 30 Ibs. per square foot to the above for snow and 
wind when separate calculations are not made, 
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WEIGHT OF CAST-IRON PIPES OR COLUMNS. 
In Lbs. per Lineal Foot. 


Cast iron = 450 Ibs; per cubic foot. 


Thick : Thick. . Thick 

‘ : *| Weight Weight *| Weight 
Bors. Sts per Foot, Bore. eae per Foot. Bore. ee per Foot. 

‘Ins, | Ins. Lbs, Ins. Ins. Lbs, Ins. | Ins, Lbs. 

3 12.4 10 34 79.2 22 34 167.5 

‘4 17. 10 54. j 

eH ae, ae teeeel © ae es 

5 19.6 11 4 56.5 1 235.6 

25.3 71.3 24 24 182.2 

4 16.1 87 86.5 | 213.7 

22.1 1g | ds 58.9 1 245.4 

28.4 74.4 25 34 189.6 

446 17.9 Z| 90.2 % | 2313 

24.5 12 61.3 1 255.3 

ie B) ge "|e | Bs 

19g ‘ 5 

27.0 wm| % 63.8 1 965.1 

34.4 o% 80.5 27 34 204.3 

5G 21.6 & | 976 % | 239.4 

29.4 13 % 66.3 1 274.9 

87.6 6 83.6 28 34 211.7 

6 6g | 23.5 4 | 101.2 % | 248-1 

31.8 14 4g 71.2 1 284.7 

40.7 56 89.7 29 34 219.1 

644 25.3 34 108.6 vy 256.6 

‘ 34.4 15 56 95.9 1 294.5 

‘ ed 43.7 4 pes 30 Rs Hiei 

va 27.1 3 304. 

6 36.8 16 % 102.0 1 343.7 

46.8 8% 123.3 31 % 273.8 

7% 34 29.0 % 145.0 1 314.2 

39.3 17 3 108.2 1 354.8 

J 49.9 34 130.7 32 Y 282.4 

8 36 80.8 e 153.6 1 324,0 

41.7 18 114.3 1% 365.8 

@ 52.9 A 138.1 33 % 291.0 

- 86! 4 44.2 re 162.1 1 333.8 

56 56.0 19 120.4 1 376.9 

34 68.1 #4 145.4 34 y 299.6 

9 % 46.6 170.7 1 343.7 

5% 59.1 20 126.6 os) 388.0 

84 71.8 24 152.8 35 y 308. £ 

94 49.1 179.3 1 353.4 

62.1 21 182.7 1% 399.0 

A 5.5 34 160.1 36 % 316.6 

10 51.5 y 187.9 1 363.1 

65.2 22 138.8 144 410.0 


The weight of the two flanges may be reckoned = weight of one foot. 
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WEIGHTS VF CAST-IRON PIPE TO LAY 12 FEET 
LENGTH. 


Weights are Gross Weights, including Hub. 
(Calculated by F. H. Lewis.) 


Thickness. Inside Diameter. 
Inches.| Pauly, | 4” | 6” | ev | tov | ae” | 14” | 16” | a8” | aor 
36 875 209 | 304] 400 
13-32 -40625 228 331 435 
7-16 4375 247 | +358 470 581 692 804 
15-32 -4687 266 | 386 505 624 ve 863 
% 5 286 | 414 541 668 | 795 922 | 1050 | 1177 
17-82 538125 306 | 442 bYWE 712 846 | 983 | 1118 | 1258 
9-16 5625 827 470 613 756 | 899 | 1043 | 1186 | 1329 
19-32 ae Beciets 498 | 649 801 951 | 1103 | 1254 | 1405 
-625 S 
11-16 -6875 
4 15 
1% tho 
OF 
15-16 . 9375 
ail 
ia 1.25 
18¢ 1.375 
Thickness. Inside Diameter. 
Inches.! Equiv, 22/7 | 24” | a7 | 30” | 33” | 86” | 49” | 4g” | Gor 
SS ah 00S Ded a eal poe ee | 
25 1799 
11-16 6875 1985 | 2160 | 2422 
4, 2171 | 2362 | 2648 | 2984 | 8221 | 3507 


Y 875 

16 -9375 | 2737 | 2975 | 8332 | 8690 | 4048 | 4406 | 5122 | 5839 

1 bi 2927 | 3180 | 3562 | 3942 | 4325 | 4708 | 5472 | 6236 

1% 1.125 8310 | 3598 | 4027 | 4456 | 4886 | 5316 | 6176 | 7034 

144 1.25 3698 | 4016 | 4492 | 4970 | 5447 | 5924 | 6880 | 7833 | 9742 

134 1.375 6540 | 7591 | 8640 | 10740 
1.5 7158 | 8803 | 9447 | 11788 
1.625 7782 | 9022 |10260 | 12744 
1.75 8405 | 9742 |11076 | 18750 
1.875 «++. {10468 |11898 ; 14762 
2. 
2.25 
2.5 
2.75 


Weight of Underground Pipes (Adopted by the Natl, Fire Pro- 
tection Assoc , May 23, 1905). Weights not to be less than those specified 
where the normal pressures do not exceed 125 lbs. Where the normal pres- 
sures are in excess of 125 lbs., heavier piping should be used, Weights given 
include sockets. Pipe to be made in accordance with the essential features 
of the standard specifications for cast-iron water-pipe of the New England 
Water Works Assoc., 1902. 


Pipe, inehes) isisjsvis «jie 4 6 8 10 12 14 16 
Weight per foot-pound 19 32 48 67 87 109 133 


CAST-IRON PIPE FITTINGS, 187 


CAST-IRON PIPE FITTINGS. 
Approximate Weight, < 
(Addyston Pipe and Steel Co., Cincinnati, Ohio.) 


My Sizein {Weighty Sizein |Weighty Sizein |Weight J Size in Weight 
_ Inches. jin Lbs. | Inches. |in Lbs Inches. | in Lbs. J Inches. |in Lbs. 


b 
I 
CROSSES. TERS. SLEEVES. REDUCERS. 
i? 2 4) 8x4 22 2 10 8x3 116 
r 3 110 8x3 220 3 25 10x8 212 
\Bx2 90 10 390 4 45 10x6 170 
4 120 10x8 330 6 65 10x4 160 
: 4x3 114 10x 6 370 8 80 12x 10 320 
me 4x2 90 10%4 350 10 140 12x8 250 
‘ 6 200 10x38 310 12 190 12x6 250 
6x4 160 12 600 14 208 12x4 250 
6x3 160 12x10 555 16 350 14x12 495 
8 325 12x8 515 18 375 14x 10 440 
8x6 280 12x6 550 20 500 14x8 390 
‘ 8x4 265 12x4 525 24 710 14x6 285 
8x3 225 14x12 650 30 965 16 x 12 45 
75 14x10 650 36 1200 16 x 10 435 
5 14x8 5T5 x1 9 
450 | 14x6 545 ff 90° ELBOWS 20x14 | 57 
390 14x4 525 2 14 20x 12 540 
350 14«3 490 3 34 20x 8 400 
740 16 790 4 55 24 x 20 990 
650 16x14 850 6 120 30x24 | 1305 
620 16x12 850 8 150 80 x 18 1385 
ee 540 16x10 850 » an 36x30 | 1730 
3 2x : 16x8 156 7 CARS yaaa 
Si 12x38 495 16x 6 680 14 450 ANGLE REDUC- 
© 14x10 | 750 9 16x4 655 16 660 | ERS FOR GAS. 
14x8 635 18 1235 18 850 6x4 ; % 
14x6 570 20 1475 2» van 6x3 70 
16 1100 20x16 | 1145 4 ~~§ PIPES. 
ie x a ine 20 x 12 1025 30 3000 sey aa eer an = ae e 
x1¢ Fr 
& 16x ey 4010 « e i te \ ort BENT: 6 | 190 
16x8 825 20 x6 87 é : 
16x 6 700 20x4 845 4 10 Vane OSes. 
16x4 650 ff 20x10 | 1465 6 95 2 8 
18 1560 24 2000 8 150 3 10 
20 1790 | 24x12 | 1495 10 200 4 10 
: 20x12 | 1370 24%8 1375 12 290 6 15 
$ 20x10 | 1225 24x 6 1450 16 510 8 30 
20x8 1000 30 3025 18 580 10 46 
/ 2x6 1000 § 30x24 | 2640 20 780 12 66 
. 20x4 1000 30 x20 2200 24 1425 14 90 
24 2400 ff 30x12 | 2035 30 2000 = hi 
24x20 | 2020 30x10 | 2050 214° 
i 24x 6 1340 30x6 1825 Ie 20 150 
, 80x20 | 2635 36 5140 : 24 185 
© 80x12 | 2250 ff 36x30 | 4200 6 150 30 370 
3 30x8 | 1995 } 36x12 | 4050 ic ee CAPS. 
: TEES 45° BRANCH 12 260 3 20 
; 2 28 Tras. 16 450 4 25 
‘ 3 80 24 1289 6 60 
a 3x2 mi 3 90 30 2000 8 a 
eS 4 100 4 B25) O00 arcs eae 
. 4x3 90 6 205 oe 12 120 
4x2 87 6x6x4| 145 xs Gage 
6 150 8 330 4x3 Pi (mie ORGS 
6x4 145 8x6 330 4x2 40 4 295 
6x3 145 24 2765 6x4 95 6 330 
6x2 75 9124x2420] 2145 6x3 70 8 375 
8 300 30 4170 8x6 126 10 15 
8x6 270 26 10300 8x4 116 20 1420 


188 MATERIALS, 


WEIGHTS OF CAST-IRON WATER- AND GAS-PIPE, 
(Addyston Pipe and Steel Co., Cincinnati, Ohio.) 


a a Standard Water-pipe, A Ma Standard Gas-pipe. 
on a 
go Thick- | Per g9 Thick- | Per 
M9 |Per Foot.) ness, Length. }| “4 |Per Foot.) jess, Length. 
2 ve 5/16 63 2 6 y% 48 
3 15 3 180 3 12 5/16 150 
3 17 ; 204 
4 22 264 4 17 204 
6 33 i 396 6 3 7/16 360 
8 42 504 8 40 TAG 480 
8 45 4 540 
10 60 9/16 720 10 50 T/16 600 
12 5 9/16 900 12 70 BY 840 
14 117 34 1400 14 84 9/16 _ 1000 
16 125 8% 1500 16 100 9/16 1200 
18 167 i 2000 18 134 11/16 1600 
20 200 15/16 2400 20 150 11/16 1800 
24 250 1 3000 24 184 “A 2200 
30 350 1% 4200 30 250 3% 3000 
36 475 13 5700 86 350 y 4200 
42 600 13g 7200 42 417 15/16 5000 
48 GT 14 9300 48 542 6500 
60 13380 2 15960 60 901 13% 10800 
%2 1835 214 22020 % 1250 1% 15000 


THICKNESS OF CAST-IRON WATER-PIPES, 


P. H. Baermann, in a paper read before the Engineers’ Club of Phila 
delphia in 1882, gave twenty different formulas for determining the thick 
ness of cast-iron pipes under pressure, The formulas are of three classes: 

1. Depending upon the diameter only. 

2, Those depending upon the diameter and head, and which add a con 
stant. 

8. Those depending upon the diameter and head, contain an additive or 
subtractive term depending upon the diameter, and add a constant. 

The more modern formulas are of the third class, and are as follows: 


.00008hd + 01d + .86.......... eee.+-- Shedd, No. 
.00006hd + .0138d + .296.. Warren Foundry, No. 
-000058hd +- .0152d +- .312. .-Francis, No. 
000048 + .013d + ,82.. -.Dupuit, No. 
.00004hd + .1 Vd + .15... 
-000135kd + .4 — .0011d@......... 
= .00006(h + 230)d + .333 — .0088d.. 5 
= .00015hd + .25 — .0052d ..............Meges, No. 
In which ¢ = thickness in inches, h = head in feet, d = diameter in inches. 
Rankine, “ Civil Engineering,” p. 721, says: ‘‘Cast-iron pipes should bs 
made of a soft and tough quality of iron. Great attention should be paid 
to moulding them correctly, so that the thickness may be exactly uniform all 
round, Hach pipe should be tested for air-bubbles and flaws by ringing it 


oe BOO 
rudd wand 
DAS Sector 


with a hammer, and for strength by exposing it to double the intended © 


greatest working pressure.” The rule for computing the thickness of a pipe 


: : . * ay . . Pee 
to resist a given working pressure is ¢ = "Pp where r is the radius in inchas, . 


p the pressure in pounds per square inch, and f the tenacity of the iron per 
, Square inch. When f = 18000, and a factor of safety of 5 is used, the above 
expressed in terms of d and h becomes 


5d.488h dh 
3B00 = T6585 = -00006dh 


“There are limitations, however, arising from difficulties in casting, and 
by the strain produced by shocks, which cause the thickness to be made 
greater than that given by the above formula,” 


tx 
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Whickness of Metal and Weight per Length for Different 
Sizes of Cast-iron Pipes under Various Heads of Water. 


(Warren Foundry and Machine Co.) 
50 100 150 200 250 800 

Ft, Head.) Ft. Head.) Ft. Head. | Ft, Head.| Ft. Head, | Ft. Head. 

nm. a 9 4 "i, a n asl Mos a “ a 

Sie 134 |2%| Sala fd |shl ad lael 22 | 2S 133] 28 
Hoes /So)/68) Fo |e! ho |S] 8S | me | es| a 
S220) 28 2a ic] £A\s= | ee 25 oo Se ge 

Oe Be) ow th) So he oN th] he oH be 

(a) ° 

BS" gles| s)as |" slno|"s| a g B38)" 3 

3 144] .853) 149) .862) 158] .871] 157| .880 161 |. .390] 166 
4 861) 197] .873) 204) .385) 211] .897/ 218) .409 226 | .421 35 
5 378] 254] .393) 265) .408] 275] 423) 286) .438 298 | .453] 309 
6 893) 315) .411} 830] .429/ 845) .447| 861] .465 877 | .483) 393 
s 422) 445) .450) 475} .474] 502] 498} 529) .522 557 | .546] 584 
10 459} 600) .489) 641 519} 682) .549) 723) .579 766 | .609| 808 
12 491) 768) .527] 826) .563) 599} 944) .635 004 | .671| 1064 
14 524) 952) .566] 1031] .608) 1111] .650| 1191) .692 } 1272 | .734] 1352 
16 557| 1152) .604) 1253) .652) 1360} .700) 1463] 748 | 1568 | .796| 1673 
18 589] 1370) .643) 1500) .697) 1680) .751) 1761] .805 | 1894 | .859] 2026 
20 +622) 1603} .682] 1763] .742] 1924] .802) 2086 862 | 2248 | .922) 2412 
24 -687] 2120) .759] 2349) .831} 2580} .903! 2811 975 | 28045 |1.047] 3279 
80 - 785] 3020) .875) 8376) .965) 8785]1.055] 4095] 1.145 | 4458 |1.235) 4822 
36 882} 4070} .990) 4581) 1.098) 5096/1.206, 5613] 1.814 } 6188 |1.422] 6656 
42 -980) 5265/1.106) 5958} 1.232) 6657/1.858] 7360] 1.484 | 8070 |1.610] 8804 
48 ‘1.078! 661611.222' 7521' 1.866! 8431'1.610' 9340' 1.654 |! 10269 '1.798!11195 


| All pipe cast vertically in dry sand; the 3 to 12 inch in lengths of 12 feet, 
_ all larger sizes in lengths of 12 feet 4 inches, 


, 
4 


Safe Pressures and Equivalent Heads of Water for Caste 
iron Pipe of Different Sizes and Thicknesses. 


{Calculated by F. H. Lewis, from Fanning’s Formula.) 


Size of Pipe. 


1 4” 


16” 


Thick- ela legla ledla ledla ledle ledle legle . 
ness, eZ a jo Pale |o8 q 
BE Fe a EH ee Pelee ee eel PEPE are 
BiSPllas|eVlasive 2/33 BIS Si as\ecinsige? 
5\20|25 42/05/0125 O18 S| e218 olaolZsls 
Ee cal ial tod hl a oat od a 
“| Gee | lar & a Ae 
El PE Sal ES Fla Rs inal OR PS es nd Ee a 
7-16 112} 268) 49) 112} 18) 42 
1-2 224) 516] 124) 28d] 74| 171) 44) 101) 24 
9-16 336) 774| 199! 458) 180) 300} 8 5} 62) 143) 42) 97 
5-8 seeeleoee| 274} 631] 186] 429) 132) 304] 99) 228) 74) 170) 56) 129 
11-16 seseleeesleosa|eves|eses{eeee| 177] 408) 187) 316) 106) 244) 84] 194 
3-4 ry 2 


1 8” 


_Pressure 
in Pounds, 


——_—___ 


20” 


| _Pressure 

in Pounds. 
ead in 
Feet. 
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Safe Pressures, etc., for Cast-iron Pipe.—(Continued) 


Size of Pipe, 
—+—T——r- er cs oo. 
22” 24” 27” 80” 33” 86” 42” 48” 60” 


Pressure 
Pressure 
in Pounds. 


Pressure 
Pressure 
in Pounds. 
Pressure 
in Pounds. 
Pressure 


Pressure 
| in Pounds. 


#\Sg 
EEL 
‘a 


| in Pounds. 
| H 
Pressure 
in Pow 


m3 
an 
eo 
$ 
Feel 
$ 
Ss 
3 


15-16 


DWNWWDMH Hee 
he SLEGERS 


r 


a 
2 


Nors.—The absolute safe static pressure which may be 


put upon pipe is given by the formula P= = = in 

which formula P is the pressure per square inch; T, the 

thickness of the shell; S, the ultimate strength per square Size 

inch of the metal in tension; and D, the inside diameter of of | Lbs. 


the pipe. In the tables Sis taken as 18000 pounds per Pipe. 
square inch, with a working strain of one fifth this amount 
or 8600 pounds per square inch. The formula for the ee 


absolute safe static pressure then is: P = CAMS 4”! 6r 
It is, however, usual to allow for “water-ram” by in- : ae 
creasing tho thickness enough to provide for 100 pounds 10 316 
additional static pressure, and, to insure sufficient metal for 12 276 
good casting and {ur wear and tear, a further increase 14 248 
D 

equal to .333 (1 - >). 168 3 so 
The expression for the thickness then becomes: 20 | 196 
(P+100)D ( D 22) |, 185 
ey Saat UU) ae pel iy 24 | 176 
T= rq — + -888 (1 — 95) 27 | 165 
and for safe working pressure a o 
= Es .333(1 a o))) — 100, ~ 86 143 

D 100 42 133 

The additional section provided as above represents an 48} 126 
increased value under static pressure for the different sizes 60 | 116 


of pipe as follows (see table in margin). So that to test 
the pipes up to one fifth of the ultimate strength of the 
material, the pressures in the marginal table should be 
added to the pressure-values given in the table above, 
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3 


BRIVETED HYDRAULIC PIPE. 
(Pelton Water Wheel Co.) ; 
Weight per foot with safe head for various sizes of double-riveted pipe. 


“9 m es) ¥ 
alse 3 > “a|S5 3 = 
pad jos = Bing SH alos : 3.8 Gun 
coies |e2.|ésa| see |e es |28. | daa | ses 
Pa wp. - wes an ws . . = an 
£75 (28) o38 | 223 | 23s | So [S28) gee | sb> | 238 
gels" sl See | yes | wa I] gS e"a| E59 | cae | mem 
Sh [ED] 865 | $ha | O48 || sh [Sho] 264 | $aa | oa 
a |a =| 5 E A ola a fd - E 
3 18 05 810 214 18 12 109 295 2514 
4 18 05 607 3 18 11 125 337 29 
4 16 062 760 334 18 10 14 378 3214 
5 18 05 485 3834 18 8 a hyp t 460 40 
5 16 062 605 4 20 16 -062 151 16 
5 14 078 757 534 20 14 078 189 1934 
6 18 05 405 414 20 12 .109 265 2744 
6 | 16 062 | 505 54 |] 20 | 11 | 1125 304 | 31ig 
6 14 07; 630 6 20 10 14 840 
be 18 05 346 434 20 8 ALT, 415 4514 
% 16 062 433 22 16 -062 138 1734 
4 ve 14 078 540 % 22 14 .078 172 
8 16 062 378 ff 22 12 -109 240 aie 
8 14 07 472 834 22 il 125 27 34: 
8 12 109 660 12 22 10 14 309 39 
9 16 062 336 6 22 8 171 37 50 
9 14 078 420 4, 24 14 078 158 2334 
9 y 109 587 1234 24 12 109 220 32 
1 
14 
12 
11 
10 
16 
14 
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STANDARD PIPE FLANGES, 

Adopted August, 1894, at a conference of committees of the Americar 
Society of Mechanical Engineers, and the Master Steam and Hot Water Fit- 
ters’ Association, with representatives of leading manufacturers and users 
of pee ae A.S, M, E., xxi. 29. (The standard dimensions given have 
not yet, 1901, been adopted by some manufacturers on account of their un- 
willingness to make a change in their patterns.) 

The list is divided into two groups; for medium and high pressures, the 
first ranging up to 75 lbs. per square inch, and the second up to 200 Ib 


—=|. 2 a 
° » =] 
ake {s 3 |8 {2 4 s 2 s ul 88. 
[ |e 1@ fs] 8 e iB 2) a \s33 
—|8 Is [Sl os a 3 s 3| 8 loas 
wa}. Pe iNieacbiloe 4 o eS 4|8)\3 |as 
Sie 2 18 josjol is a: ee q Slur} S|. 32 
oie 8 jggiee] 8 | so] 8 A |8/8|2(a0 
Sle + |egPRE| 2 | B81 3 2 |slgis|*eg 
Sle 3 |S5/8e/o] A =] a, La |5|3|8i8e2 
a eg | B2\2Slg & && | a8 | 68 [Sal algka 
® }O™ | olVE/3S\5 g ae | 36 26 |El2l2|35e 
Sle TSSikes| s So | £8 | 38 |5\3\5 |B ey 
& iap, | BP la es] & Er a7 IZ|A\ nin 
2 | .409 460\14 6 | 0g 434] 4| 5gl2 | 825 
246] .429 ¥ 5BO|Lg 7 i) 214 544) 4! 5g] 214| 1050 
3 | 1443 | 2 | eo0ltg m6 yl 8 6 | 4| Sgl2%e| 1330 
314} .466 | 36 | 700)1g 814 q 2 7 1 4) Sg)ot¢) 2530 
4 -486 | 44 | 800/1g¢ 9 $8 2 Fl Al 34/24 2100 
414} .498 | 16 | 900|1g 14 is 734) 8| 343° | 1430 
5 -525 | 46 |1000|1g 10 3 2 844] 8) 34/3 | 1630 
6e} 563 | 5% [1060/12 it 1 2 944} 8] 34/3 | 2360 
7 + 160 | 5g |1120/%¢ 12 1 284 1034} 8| 34/314) 3200 
8 | .639 | 5g |1280/%¢ 13 1 234 1134] 8! 34/314) 4190 
9 | .678 | 4% |1310/3% 15 14g 3 1314|12| 84/214| 3610 
10 | .713 | 34 |1330),% 16 13 3 1414|12| 74/354) 2970 
12 | .79 | 33 140 19 14 316 17% 112] 76/334! 4 
14. | 1864 | % |1600 21 1 316 1834|12|1 |414| 4280 
15 | .904 | 38 |1600\ 4, 2214 1 254 20/16/1444] 3660 
16 946 |1  |1600/ 3, a3 1 334 2114/1611 |444| 4210 
18. | 1.02 |1,, 1690), 25 lye 314 2284 /16|11¢|434| 4540 
20 | 1.09 14 |1780) 4 274 13 334 2/1415 | 44 
22 /1.18 11%, |1850/14 2914 148 334 2714 |20/114|516) 4320 
24 11.25 134 |1920/34/8116 82 °°)134 174|884 4° “2014 2914/20|1141514| 5130 
26 | 1.30 [ty |1980|34)3384 3414|15¢ 2° \376 41418117 3197 /24]14/1544| 5030 
28 | 1.38 |15g [2040ls4\86- 36i2/1 Qtid 414 /BBLE 98111416 
30 | 1.48 — {146 |2000)14'38 Ie 24/4 454,85 36 |28]136|614| 4590 
36 | 1.71  |184 li90|igi4a1g 45341157 2 44 474/42” 4234 |30|18¢\616| 5790 
42 | 1.87 |2 let00ligis1” 59821174 a6 dts 5934/4814 4914 36|14¢|714| 5700 
48 | 2.17 1284 l2130lb4isi44 BoLgIe 2841487 58415434 56/44) 1441744) 6090 


Norrs.—Sizes up to 24 inches are designed for 200 lbs. or less. 

Sizes from 24 to 48 inches are divided into two scales, one for 200 lbs., the 
other for less, 

The sizes of bolts given are for high pressure. For medium pressures the — 
diameters are } in, less for pipes 2 to 20 in. diameter inclusive, and 14 in. ; 
less for larger sizes, except 48-in. pipe, for which the size of bolt is 18¢ in. 

When two lines of figures occur under one headin , the single columns are 
for both medium and high pressures. Beginning with 24 inches, the left-hand 
columns are for medium and the right-hand lines are for high pressures. 

The sudden increase in diameters at 16 inches is due to the possible inser- 
tion of wrought-iron pipe, making with a nearly constant width of gasket a 
greater diameter desirable. 

When wrought-iron pipe is used, if thinner flanges than those given are 
sufficient, it is proposed that bosses be used to bring the nuts up to the 
standard lengths. This avoids the use of a reinforcement around the pipe. 

Figures in the 3d, 4th, 5th, and last columns refer only to pipe for high 
pressure, 

In drilling valve flanges a yertical line parallel to the spindles should be 
midway between two holes on the upper side of the flanges. 


CAST-IRON PIPE AND PIPE FLANGES. 193 


FLANGE DIMENSIONS, ETOC,, FOR EXTRA HEAVY : 
PIPE FITTINGS (UP TO 250 LBS. PRESSURE), 
Adopted by a Conference of Manufacturers, June 28, 1901. 


Size of Diam. of { Thickness | Diameter of | Number of] Size of, 


Pipe. Flange. of Flange. Bolt Circle. Bolts. Bolts. 
‘i Inches. Inches. Inches, Inches. Inches. 
e - he i ‘ites 6 4 
3 814 6 8 
814 9 1 3-16 ry 8 
4 10 A W% 8 
4g 101% 1 5-16 8 8 
5 11 134 9 8 
6 12144 1 7-16 1 12 
%, 14 1 11 12 
é i8 15 1 13 12 
9 16 1 14 12 
10 174 14 15) 16 yy 
12 2 1734 16 
14 22 2 20 20 % 
15 23 2 3-16 21 20 1 
16 25 21% 22: 20 1 
18 27 24 24 1 
20 29 2 2654 24 14g 
22 31 2 2834 28 14g 
4 84 284 3114 28 14 


DIMENSIONS OF AEE ELANGES AND CAST-IRON 
ate j 
(J. E. Codman, Engineers’ Club of Philadelphia, 1889.) 


Pe Rd OF oes Bi eee 4 | 2% | Thickness Ses] SoR 
54 | S& | 20 [ea] ee | 22 | tne | -8e8 | See 
oa, 2g | eas | ta/38| gs |S Pe |e 28 See 
gy | ge | aso |u| se] 3 Ske | se3 
mo 4 S = 5 Soy a 
avew te. pa fe | es {ot Ie Ea 
64 | 4 | 4 1373] 6.96 | 4.41 

me | oe | | 13-82] 1306] 11:16 | 5.93 

9 7 s | 6 | i116} 7-16] 1420] 15.84 | 7.66 

94 | 8 % | 6 7-16 | 1443] 21100 | 9.63 

104 | 9% | | 8 15-32] 1466} 26.64 | 11.82 

134 | 115% | % i816 ‘511| 89,86 | 16.91 

154 | 1314 | 84 | 10 9-16 | 2557} 54:00 | 23.00 

1794 | 158 | % | 12 | 15-16 | 19-32 603] 70.56 | 0.18 

20° | 18 % | 14 |1 21-82] 1649] 89.04 | 38.34 

2 | 20 16 | 11-16 | 11-16] 695) 109.44 | 47.70 

24 | 2914 1 4 | 741) 181.78 | 58.28 

a | aig 11 18 | 18-16 | 25-39} ‘787] 156.00 } 70.00 

26% | 1 20 | 1% — | 27-82] 1933) 182.16 | 83.05 

3114 4 |1 ae | 1516 1879] 210.24 | 97.42 

aig | a1 | 1 24 15-16] 1925] 240.24 | 113.18 

aig | 334 | 1 24 | 17-16 | 81-32] ‘971 272-16 | 130.35 

3s | Big |1 | 26 119-16 1.017} 306.00 | 149:00 

40 | 37g | 1 28 | 1 1 1-16] 1.063|- 841.76 | 169.17 

34 | 424 | 40 | 134 | 80 | 1i1-16/136 | 1.109] 879.44 | 190.90 
36 42 1 82 13% 1 5-32) 1.155) 419.04 | 214.26 
ss | 47 | 44d 82 | 1 12-16/1 3-16| 1.201] 460.56 | 239.27 
40 | 49 | 46 |i a4 | 1% — |1%4 | 1.247] 504.00 | 266.00 
42 | 51 4814 | 1 84 | 1 15-16|1°5-16] 1.293] 549.36 | 294 49 
44 | 53g | 504 |1 6 | 2 111-82] 11389| 596.64 | 824.78 
46 | 5554 | 524 | 1 38 | 2 1-16 |1 1.385] 645.84 | 356.94 
48 | 58 | 55 4134 | 40 | 2% [17-16] 1.431] 696.96 _| 391.00 


Mi D = Diameter of pipe. All dimensions in inches. 
¥ormuta.—Thickness of flange = 0.033D + 0.56; thickness of pipe = 


0.023 D -+- 0.327; weight of pipe per foot = 0.24D2-+ 3D; weight of flange = 

“p01? +. 0.1D"'+ D +3 sflaineter of flange = 1.1250 ea 4.25 diameter of 

_ boit circie = 1, 2.566; diameter of bolt = 0,01 .73; number of 
‘bolts = 0,.78D + 2.56, : ayy ee 
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WROUGHT-IRON PIPE. 195. 


For discussion of the Briggs Standard of Wrought-iron Pipe Dimensions, 
see Report of the Committee of the A. 8S. M. E. in ‘‘ Standard Pipe and Pipe 
Threads,’’ 1886. Trans., Vol. VIII, p. 29, The diameter of the bottom of 


the thread is derived from the formula D — (0,05D +-1.9) x 4, in which 


D= outside diameter of the tubes, and » the number of threads to the 
inch, The diameter of the top of the thread is derived from the formula 


; 0.8 x 2+, or 1.6— +. d, in which d is the diameter at the bottom of the 


thread at the end of the pipe. 
The sizes for the diameters at the bottom and top of the thread at the end 
of the pipe are as follows: 


Diam. | Diam. | Diam. f| Diam. | Diam. | Diam./ Diam.]| Diam. | Diam. 
of Pipe, | at Bot-| at Top fof Pipe,| at Bot-| at Top fof Pipe,| at Bot-| at Top 
Nom- | tom of of Nom- | tom of of Nom- | tom of of 

ina:, |Thread.|Thread./ inal. |Thread.|Thread.j inal, |Thread.|Thread.- 


in in in in in, in in in. in 
4% 2834 393 2% 2.620 | 2.820 8 8.384 | 8.534 
yy 433 2522 3 3.241 | 3.441 9 9.827 | 9.527 
: .568 658 344 3.788 | 3.938 1 10.445 | 10.645 
rs] 701 815 4 4.234 | 4.434 11 11.489 | 11.639 
4 911 1.025 44g 4.731 | 4.981 12 12.433 | 12.633 
s 1.144 | 1.283 5 5.290 | 5.490 13 13.675 | 13.875 
14 1.488 1.627 6 6.346 | 6 546 14 14.669 | 14.869 
14 1.727 | 1.866 7 7.3410 | 7.540 15 15.663 | 15.863 
2 2.223 | 2.339 


aA 
Having the taper, length of full-threaded portion, and the sizes at bottom 
and top of thread at the end of the pipe, as given in the table, taps and dies 
can be made to secure these points correctly, the length of the imperfect 
threaded portions on the pipe, and the length the tap is run into the fittings 
_ beyond the point at which the size is as given, or, in other words, beyond 
_ the end of the pipe, having no effect upon the standard. The angle of the 
thread is 60°, and itis slightly rounded off at top and bottom, so that, instead 
of its depth being 0.866 its pitch, as is the case with a full V-thread, it is 
_ 4/5 the pitch, or equal to 0.8 + 1, 2 being the number of threads per inch. 
Taper of conical tube ends, 1 in 32 to axis of tube = 34 inch to the foot 
total taper. 
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WROUGHT-IRON WELDED TUBES, EXTRA STRONG. 
Standard Dimensions. 


Actual Out-} Thickness, | Thickness, |Actual Inside] Actual Inside 


Nominal ide Extra Double Diameter, | Diameter, 
Diameter. | Diameter. Strong. Extra Extra = |Double Extra 
i Strong. Strong, Strong, 
Inches, Inches. Inches. Inches. Inches. 

0.405 0.100 3 0.205 

0.54 0.123 0.294 

0.675 0.127 0.421 

0.84 0.149 0.542 

“A 1.05 0.157 0.736 

1 1.315 0.182 0.951 
14 1.66 0.194 1.272 
114 1.9 0.203 1.494 

2 2.375 0.221 1.933 
246 2.875 0.280 2.315 

3 8.5 0.304 2.892 
3% 4.0 0.321 3.358 

4 4.5 0.341 3.818 


STANDARD SIZES, ETC., OF LAP-WELDED CHAR- 
COAL-IRON BOILER-TUBES. 
(National Tube Works.) 


5 . K ow )Ouy oud 
é [2 .2| 28 2c ese (222 | 
= s 3) 5s $v |Esa se | Ro 
A |A 8/538 1°38 wee ie [ums | os 
= sa 5 | ak Internal External | $2 |5 9 | 3 Ga se 
FI t q as i FS Area, Area, Ae8 e253 ae 23 
>t & | os. m4 ey a 
2 oe Pe oa M59 S59) WES | ME 
S| 83 | sa) 25/28 Bee |§a0s! gas | o4 
5 Ste (8 1A 4 fe 4 B 
in, | in. | in. | in. } in. | sq. in, Bate. sq. in.|sq.ft.} ft. ft. ft. lbs. 
1 ~810] .095 | 2.545] 3.142 -515] .0036 -785| .0055) 4.479 | 3.820 4,149 90 
1 1-4) 1.060] .095 | 3.330) 3.927 882} .0061 1,227) .0085) 3.604 | 3.056 | 3.330 1.15 
11-2) 1.310 5 | 4.115) 4.712] 1.348) .0094| 1.767] .0123] 2.916 | 2.547 2.732 1.40 
1 3-4! 1.560) .095 | 4.901] 5.498] 1.911] .0133 2.405] 0167] 2,448 | 2.183 | 2.316 1.65 
2 1,810} .095 | 5.686] 6.283] 2.573) .0179 3,142) 0218) 2.110 | 1.910 2.010 1.91 
2 1-4} 2.060] .095 | 6.472] 7.069] 3.383] .0231] 3.976] 0276] 1.854 | 1.698 1.776 2.16 
2 1-2] 2.282) .109 | 7.169] 7. 4.090] .0284 4,909) .0341) 1.674 1.528 1.601 2.75 
% 3-4| 2.532) .109 | 7.955] 8.639] 5.035) .0350] 6.940) .0412] 1.508 | 1.389 1,449 3.04 
3 2.782) .109 | 8.740} 9.425] 6.079] .0422 7,069) .0491) 1.373 | 1.273 1,322 3.33 
31-4) 3.010] .120 | 9.456]10.210] 7.116} .0494/ 8.296] .0576| 1.269 | 1.175 1,222 3.96 
3 1-2} 3.260] .120 | 10.242]10.996 8.347] .0580 9.621] .0668] 1.172 |! 1.091 1.132 4,28 
3 3-4) 3.510} .120 |11.027] 11.781 9.676] .0672] 11.045} .0767) 1.088 [ 1.019 1.054 4.60 
4 3.732] .184 11.724] 12.566] 10.939] .0760] 12.566] .0873] 1.024 955 990 5.47 
41-2) 4.282] .134 |13,295/14.137] 14.066] .0977| 15.904] .1104] .903 849 876 §.17 
5 4,704) .148 |14.778|15.708| 17.379} .1207| 19.635] .1364] .812 764 788 7.58 
6 5.670) .165 |17.813]18.850] 25.250] .1750) 28.274] .1963] .674 637 656 | 10,16 
a 6.670] .165 |20.954/21.991] 34,942] .2427] 38.485) .2673] .573 546 560 | 11.90 
8 7.670) .165 |24.096/25.133{ 46.204] .3209] 60.266] .3491] 498 477 488 | 13.65 
9 8.640] .180 /27.143| 28,274] 58.630} .4072] 63.617] .4418] .442 424 433 | 16.76 
10 9,594 .203 |30,141}31.416] 72.292] .5020] 78.540] .5454] 398 382 390 | 21,00 
IL 10.560] .220 |33.175/34.558} 87.583) .6082] 95.033] .6600] .362 347 855 | 25,00 
12 11.542] .229 |36,260/37.699} 104,629] .7266] 113.098] .7854) 331 318 325 | 28.50 
13 12,524 39,345 140.841} 123.190) .8555) 132.733} .9217] .305 294 300 32.06 
14 13,504) .248 |42,424/ 43.982] 143,224) .9946/ 153.938|1.0690] .283 273 278 | 36.00 
15 14.482] .259 |45,497]47,124] 164.721/1.1430| 176,715|1.2272] 264 255 260 40.60 
16 15,458} .271 |48,563]60.266| 187.671!1.3033] 201.062|1.3963] .247 239 243° | 45.20 
17 16.432] .284 |51.623/53.407] 212.066/1.4727] 226.981/1.5763] .232 225 229 | 49,90 
18 17.416] .292 |54.714/ 56.549) 238.225|1.6543| 254.470|1.7671| .219 212 216 | 54.82 
19 18.400] .300 |57.805/59.690| 265.905] 1.8466] 283.529] 1.9690] .208 201 205 | 59.48 
20 19.360} .320 |60,821|62.832) 294.375] 2.0443] 314.159/2.1817| .197 191 +194 | 66.77 
21 20.320| .340 |63.837 165.974] 324.294) 2.2520] 346.361!2.4053] .188 182 185 | 73.40 


In estimating the effective steam-heating or boiler surface of tubes, the surface in 
contact with air or gases of combustion (whether internal or externa! to the tubes) is to 
aken. 
For eas liquids by steam, superheating steam, or transferring heat from one 
liquid or gas fo another, the mean surface of the tubes is to be taken, 
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To find the square feet of surface, S, in a tube of a given length, L, in feet, 
and diameter, d, in inches, multiply the length in feet by the diameter in 


inches and by 2618. Or, §= © aS = .2618¢L. For the diameters in the 


table below, multiply the length in feet by the figures given opposite the 


diameter, 
Square Feet Square Feet Square Feet 
Inches. Inches. Inches 5 
: per Foot : per Foot = y per Foot 
Diameter. ‘Length, Diameter. ‘Length, Diameter. Length. 
BA 0654 2144 .5890 5 -8090 
is 1309 2 6545 6 1.5708 
ZA 1963 A 7199 % 1.8326 
1 2618 3 7854 8 0944 
1 8272 344 8508 9 2.3562 
BI 3927 3 9163 10 2.6180 
1% 4581 A -9817 it 
2 5236 4 1.0472 12 3.1416 


RIVETED IRON PIPE. 
(Abendroth & Root Mfg. Co.) 


Sheets punched and rolled, ready for riveting, are packed in convenient 
form for shipment, The following table shows the iron and rivets required 
for punched and formed sheets. 


Number Square Feet of Iron| SS 3S Number Square Feet of Iron| S333 
‘ required £5 make 100 Lineal ae? i required to make 100 Lineal eee age 
¥ Feet Punched and Formed| oF aS EI B Feet Punched and Formed oness a 
_ Sheets when put together, : ae Es Sheets when put together, E g $ én 
oS s : 
et "son 8 Reon 
-Diam- |yidth of S25, 803 | Diam- [Width of S28 358 
- Square | S230 5 Square | E3239 
eterin | Lap in Be SoS en eter in | Lapin Ba a 
_ Inches. indten. ect, hi Sam 82 | tenes. | Inches. r} eet. ao aon ea 
; 3 i) 90 1,600 14 1 397 2,800 
4 1 116 1,700 15 1 423 2,900 
5 1 150 1,800 16 1 452 3,000 
6 1 178 1,900 18 1 506 3,200 
% 1% 206 2,000 20 1 562 8,500 
8 1% 234 2,200 22 1 617 3,700 
9 146 258 2,300 24 1 6% 8,900 
10 1 289 2,400 26 1 725 4,100 
ll 1 314 2,500 28 1 vi!) 4,400 
12 1% 343 2,600 30 1 836 4,600 
18 14 369 2,700 36 1 998 5,200 


WEIGHT OF ONE SQUARE FOOT OF SHEET-IRON 
FOR RIVETED PIPE. 


Thickness by the Birmingham Wire-Gauge, 


Thick- Thick- ; 
No. of |,2e8s = bedi hd oe am he Tees 
- Decimals} in lbs. ecimals | in lbs., ** 
Gauge-/" ofan | Black. ofan | Black. | Galvan- 
Inch. Tne ‘ 
018 80 +049 1,82 | 
022 1.00 065 2,50; 26 
028, 1.25 083 3,12 | 3.34 
035 1.56 -109 4.37 4.73 
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SPIRAL RIVETED PIPE. 
(Abendroth & Root Mig. Co.) 


Inches. ) per Square Inch. 
3to 6 = | 

3t012 | “ = of diam. inins. 

St0 is, he S 

3to% | * = i me 700 Ibs.+-diam. in ins. 
3to2i “ =. as “ “ aS “ 

6 to 24 “ = 8 “ “ “ — “ oo 
Stem Fo —11 =) eas =e a 
Sto 24 “14 “ “ a. « ny 


The above are black pipes. Galvanized weighs 10 to 30 & heavier. 
Double Galvanized Spiral Riveted Flanged Pressure Pipe, tested to 150 Ibs. 
hydraulic pressure. 


Inside diameters, el < 9/10/11)12/13; 14/15) IG/ISHO ss 
Thickness, B. W. G....----- 2 Bi 8 1818 1816 16 16/16 ialiaii4iia 14/12) 12 
Nominal wt. per foot, a, 3] 4 al 12} 14/15 20'22/2-4/29/34 40150 


DIMENSIONS OF ae PIPE FITTINGS. 
1 ee Diameter 
Inside #: Number | Diameter = Sizes of 
Diameter. | Pismeter | Bolt-holes.|Bolt-holes] “fisccare | Bolts. 


*S ‘ 4 ¢ ae a 
7/16 xt: 
4 7 8 5 15/16 | 7/16x1 
5 8 8 615/16 | 7/16x1% 
6 8% 8 T% igxI 
7 10 = g 3x ki 
s 11 8 10 362 
9 13 8 114 4gx2 
10 14 8 igx2 
5 15 12 1 igx2 
2 16 12 1f4 igx2 
13 17 12 1544 3x2 
14 17% 12 lgx2lg 
15 19 12 17 7/16 1gx 2g 
16 21 3/16 12 Re 1px 3g 
18 16 11/16 214g igx ste 
20 16 11/16 gig x2ig 
2 2814 16 35 x 
24 30 16 4 2734 56x23 


SEAMLESS BRASS TUBE. IRON-PIPE SIZES, 
(For actual dimensions see tables of Wrought-iron Pipe.) 


Nominal} Weight | Nom. | Weight | Nom. | Weight § Nom. | Weight 
Size. jper Foot. Size. |per Foot.§ Size. jper Foot.§ Size. jper Foot. 


Ibs. ins. Tbs. ins. 

i | a | Sas | as 
a -13 

250 | 3 g30 | 5 

s 316 10.99 5 


‘Stakes 
or 


E 


ted fot fot Fok ft ft ot ok a Pk 


NUNS a BD RD BOA A 


COS AND BESTS OF DRAWN BRASS AND COPPER TURING. 


oR lk ae i 4 
Sremtcemesonmmene are fot Fab- tate = 
? 


EEE RS IP NO IM Ei ROR | CAL ON ABN eSNG | 4 NF SINS Rt gD a ST SAY AE! NTS ois NP OR a Salk AT PN 


4 E i 2} 
Least ocisice Gamaer cf ox ...toches 3 ne [= ig im 


i 


So es seep 
7 ems ere sen E = E = S 


a “ Cestre to end ~ means 
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WEIGHTY OF BRASS, COPPER, AND ZINC TUBING, 
Per Foot. 


Thickness by Brown & Sharpe’s Gauge. 


Copper, 
~— Brass, No. 17. Brass, No. 20. Lightning-rod Tube, 
No. 23. 
mm Bice eR Ge Inch, ea 
vis 187 ais 089 fs 176 
. “A. . ~ 
716 24 Sy 106 — zit 
oft 318 7-16 158 + 
$3 “377 946 “20 Zinc, No, 20. + 
74 1462 56 £220 
1 1542 34 1252 
1 16% % 284 7161 
1 “740 1 7 2185 
13 1915 14 500 "234 
134 “980 1% 580 y are 
a4 1 e068 i4 a0 
be * 
3 2.188 134 ‘452 


LEAD PIPE IN LENGTHS OF 10 FEET. 


In. 3-8 Thick, 5-16 Thick. 14 Thick. 3-16 Thick, 
: Ib. OZ. Ib. OZ, Ib. Oz Ib. Oz 
24 17 0 14 0 11 0 8 0 

3 20 0 16 0 19 0 9 0 
3hg 22 0 18 0 15 0 9 8 

4 25 0 1 0 16 0 12 8 
416 18 0 14 0 

5 31 0 20 0 


LEAD WASTE-PIPE. 


144 in., 2 lbs. per foot. 314 in., 4 lbs. per foot. 
2  “ 38and 4 lbs. per foot. 4 ‘ 5,6, and 8 Ibs. 
8 “ 3% and 5lbs. per foot. 4%“ 6 and 8 lbs, 


5 in. 8, 10, and 12 Ibs. 


LEAD AND TIN TUBING. 
4 inch. ¥Y inch, 
SHEET LEAD. 
Weight per square foot, 214, 8, 814, 4, 414, 5, 6, 8, 9, 10 lbs, and upwards, 


Other weights rolled to order. 
BLOCK-TIN PIPE. 
in. , 614, and 8 oz. per foot. 
cai ri and 10 oz, ‘ y 
““ 8 and 10 oz. ae 
A, 


“ 10and120z, “ 


1 in., 15, and 18 oz: per foot. 
14 ** 14and 1% lbs, “* 
114 “2 and 2: S. 


6 
2 “ QMéand8lbs, “ 
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LEAD AND TIN-LINED LEAD PIPE. 
(Tatham & Bros., New York.) 


a3 Bie 
De ne 
£ g Weight per | $4 ; : rer Ba 
| $ | rovhatea [28 2 |] 2 | moovknita [gg 
e 8 3 33 3 3 ae 
a o WW an 
— j A 
 %in. | E | 7 Ibs. per rod 1 in.] E | 136 Ibs. per foot 
4 D _ oz. per foot 6 co D 4 Hal na yy 
ae Cc 8 “ a : og 66 j 
be B ib. au 12 se B ig “ 17 
S A 1% “ “ 16 o A 4 rt “ 21 
‘ AA 11 “ “ 19 “ AA 434 ‘“ 24 
AAA 134 ‘* aA 27 “6 AAA ‘“ 4 
13 oz. Le 14 in B Q t+ vi 10 
1 lb. “ee “ D 24% “ “ 12 
E | 9. Ibs, perrod | 7 || “ C Sik oie a 44 
D 34 1b. per foot | 9 n B 334 « “ 16 
re} 1 “6 “ 11 6 A 434 “ “ 19 
B 14 “c “ 13 “ec AA 534 “cc “ 25 
146 “* e “ AAA | 634 “ “ 
A 134 ** OG in. “ “ 
AA 4 ne bi BY 4,in 4 3 “e “ 4 
2) “ “ “c ‘ a6 
ABa tps Soe ab eden 4ee 1) eee ole Le 
KE }12 “ perrod | 8 A 6g “ 93 
D 1 ‘* per foot | 9 Os AA gs” “ 7 
Cc 14 “e “6 13 “ AAA 9 “ rN i 
B fs! C3 16 1% in (6) 4.6 “ 13 
A RG te % 20 B 5 “ rT) 147 
AA 234 ‘* a 22 “ A 61% “ 21 
AAA | 3% “ ns 25 “ AA Big “ “ o7 
E 1 ‘“ per foot 2 in fe! 434 “ se 15 
D 1144 * 64 10 “ B 6 “s 46 18 
Cc 14 ““ “ 12 “ A 7 Ke 29 
B 24% ‘ id 16 cr AA 9 « “6 o7 
Algae * [Bio [aaa lies 
AAA | 434 “ se 30 


WEIGHT OF LEAD PIPE WHICH SHOULD BE use 
FOR A GIVEN HEAD OF WATER 


(Tatham & Bros,, New York.) 


_ Head or 
_ Number per - 
of Feet | sq. inch,| Letter.|3 inch. [1 inch. | inch.|94 inch.} 1 ineh. | 134 in 


Pressure Calibre and Weight per Foot. 


~ 


D 10 oz. He 1 Ib. | 114 1bs.} 2 Ibs.] 244 Ibs. 
Cc ie fe 1% Ibs. 194 Ibs. 216 lbs.| 3 Ibs. 
B 4 Ibs. 2 Ibs.| 244 Ibs.| 314 Ibs.| 384 Ibs. 
A Vy; Ihe. i Ibs.| 244 lbs.| 3 Ibs.| 4 Ibs.) 434 Ibs, 


AA 6: Ibs. 2 Ibs.| 234 Ibs, | 34¢ Ibs. 494 Ibs.| 6 Ibs, 
| aig 


100 Ibs. | AAA | 134 1bs.|3 — Ibs.| 314 Ibs.| 434 Ibs.| Ibs. 634 Ibs. 


To find the thickness of lead Se required when the 

head of water is givem. (Chadwick Lead Works), 

_ Rut#.—Multiply the head in feet. by size of pipe wanted, expressed deci- 

mally, and divide by zens the quotient will give thickness required, in one- 
hundredths of an inch 

_ EXAMPLE, —Required thickness of half-inch pipe for a head of 25 feet, 


25 X 0.50 + 750 = 0.16 inch. 


MATERIALS. 


202 


981g 9°89 E) 0 3 “ecg |4,0 O1Qnoded 4qsI0M fF Le°T GPT 26°3 60° T9610" 08 
ST £9°L 39° 06° 068980" 6L 
818°8 869°8 988°8 088°8 sees Aytawis oploadg f e°T €8°L 99°F OP £080F0" SL 
6'T 60'S 98° 0¢°9 LS@CF0" a 
cer’ orl’ £820" 6620" PP1800" OF ard 08° 65° L 88" 028090" OL 
IST" O9r* 2980" 9180" 185800" 68 ths 69°S oe" 98°6 89050" SL 
OAT OSE: OS#0" 930° G96E00" 8g P18 06°3 SLIT aaa 80690" as 
16L" B08" 2950" 0090° 89700" 18 80° 98°8 18°F1 g9°ST 196120" 4 
FS" 988" STL0° 2820" 000200" 98 ore 99°S 89°ST 22°61 808080° aL 
OF" $90" 8060" 960° 19900" oe 98° Il" reed 26°F 2060" It 
OLB 986 PIT O8T" 40900" 43 98°F oP 696 epg 68T01" OL 
808 Tee SPI oar" 080200 &8 06'F 8's bP LE 9°68 SPPIL” 6 
Ore 098 181 161° 056200 ras 0g" 28'S BO LP 86° 6P 6FSSL” 8 
ogg" F0P 88s TF" 866800 Ig 8I'9 a) 99°69 10°€9 SChPL” L 
63P° rap” 188° £08" S@00T0" 08 £6°9 beh 80°S2 9b 6L B0B9L" 9 
28h" Og 398" ee" 2SBL10 63 6L°h . 8 19°56 8001 FOIST” S 
Ito gg Ach" 8h" TF9SIO 8% p28 G6 9¢°6IL faras T8F0s" y 
809° 89 91g" or9 S6IFIO wz @°6 68°01 &g OST 8°6ST Bh6GS™ g 
89° Bh 284° 694° PESTO" 9, £0°IT 29°1L 28°68 6008 £9LC6" Fa 
992° 11g" 916" 016° 00610" GB 88'S OLS Gh 68 8°89 08686" t 
098° 116" ScT'h to 00T0z0" ¥ 06° CL PL @8° 108 g'61e 9gree” 0 
996° 20° Ah PST T2920" £8 19°91 e591 2L°088 0°20P O8h98" 00 
80° aa 888° 6° L¥ESC0" & e9°LT oo 8I 16° 6LF 0°80 F960h" OF 
BT 68'T L18°3 GhS | 898G0" ita 58°08 8%°S09 S°0F9 0009F" 
“sq'I “sq ‘sq’ *sq'T “your *Sq'T *sq'T “sq'T “youl 
“"sstig “reddop “"Ssstig ‘raddog ‘Sstig “reddop “ssBig ‘raddop 


‘ON Goeg | ‘osnexy 
"400, sabe ['490,.7 reourT o00r JO OZIS JO ‘ON 
Jed saqe[d JO IUSIEM | Jed or JO F4SIOM 


—————————]} ‘ON qovq | ‘odney 
400.4 orenb *400,7 [eaUuTT 000'T JO 92ZIS gO "ON 
dod soze[d JO IUSI9M | Jed O1TM JO FUSION 


(‘S1omMyoRJnUBUI Surpeg] JO $91qB} UIOI,q) 
; ‘osnen s,odaeyg 9 uMOIg 
‘SHLVId GQNV AHIM SSVHH GNVY HAddOO AO LHVITM 


BOLT COPPER—SHEET AND BAR BRASS. 203 


WEIGHT oF ROUND BOLT COPPER. 


Per Foot, 
Incbes. Pounds. Inches. Pounds. Inches. Pounds. 
«425 Bi .02 154 7.99 
- 756 1% 3.83 1 9.27 
HS et eee od Be 
34 1.70) + We 
% 2.31 114 6.81 


WEIGHT OF SHEET AND BAR BRASS, 


_ Thickness,| Sheets | Square} Round f Thickness, | Sheets | Square] Round 


Side or per Bars 1 | Bars 1 Side or per | Bars1| Bars1 
Diam. sq.ft. /ft.long. |ft.long. Diam. sq.ft. /ft. long.|ft.long. 
Inches. Inches. 
-16 2.72 014 -O11 1 1-16 46.32 4.10 3.22 
\% 5.45 .056 045 49.05 4.59 3.61 
3-16 8.17 2128 -100 1 3-16 51.77 5.12 4.02 
yy 10.90 “R20 178 4 54.50 5.67 4.45 
5-16 13.62 «855 278 1 5-16 57.22 6.26 4.91 
16.35 .510 -401 59.95 6.86 5,39 
7-16 19.07 695 -545 1 7-16 62.67 7.50 5.89 
21.80 907 12 1 65.40 8.16 6.41 
; 9-16 24.52 1.15 902 1 9-16 68.12 8.86 6.95 
27.25 1.42 1.11 1 70.85 9.59 7.53 
11-16 29.97 1.7% 1.35 1 11-16 73.57 10.34 8.12 
4 32.70 2.04 1.60 1% 76.30 11.12 8.73 
13-16 35.42 2.40 1.88 1 13-16 79.02 | 11.98 9.36 
% 38.15 2.78 2.18 1% 81.7 12.76 10.01 
15-16 40.87 3.19 2.50 1 15-16 84.47 13.63 10.70 
1 43.60 3.63 2.85 2 87.20 14.52 11,40 


COMPOSITION OF VARIOUS GRADES OF ROLLED 
BRASS, ETC, (See also pp. 321-326.) 


Trade Name, Copper} Zinc. Tin, | Lead, | Nickel. 


Common high brass............... 61.5 
Voellow: metal jusii0s3s. sd eneciewe s 60 
Cartridge brass, Bee. won| 6696 


LOW. DEESS) Scie cain 's sieypianies ences 80 
Clock brass.. ia's-wai| 60. 
Drill rod.,..... nearate]), 00: 
eprne |g: Bae ae eee ae 66: 
_ 18 per cent German silver... ..... 61 


The above table was furnished by the superintendent of a mill in Connec- 
ticut in 1894. He says: While each mill has its own proportions for various 
mixtures, depending upon the purposes for which the product is intended, 
_ the figures cane are about the average standard. Thus, between cartridge 

brass with 3314 per cent zinc and common high brass with Bea per cent 
_ zinc, there are any number of different mixtures known generally as ‘high 
brass,” or specifically as *‘spinning brass,” ‘t drawing: brass,” ete., wherein 
the amount of zine is dependent upon the amount of expe used in the mix- 
ture, the degree of working to which the metal is to be subjected, etc. 
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screws in the Sellers system, if iron is too large it is necessary to cut it away 
with the dies. So great is this difficulty, that the practice of making taps 
and dies over-size has become very general. If the Sellers system is adopted 
it is essential that iron should be obtained of the correct size, or very nearly 
so. Of course no high degree of precision is possible in rolling iron, and 
when exact sizes were demanded, the question arose how much allowable 
variationjthere should be from the true size, It was proposed to make limit- 
gauges for inspecting iron with two openings, one larger and the other 
eeiatiae than thie standard size, and then specify that the iron should enter 
the large end and not enter the small one. The following table of dimen- 
sions for the limit-gauges was - commended by the Master Car-Builders’ 
Association and adopted by letter ballot in 1883. 


Size of | Size of Size of | Size of 
Size of | Large Small | Differ- § Size of| Large Small | Differ- 
Iron. | End of | End of | ence. Tron. | End of | End of | ence. 
Gauge. | Gauge. Gauge. | Gauge. 
Yin.| 0.2550 0.2450 0.010 5gin.| 0.6330 0.6170 0.016 
5-16 0.3180 0.3070 0.011 54 0.7585 0.7415 0.017 
36 0.3810 0.3690 0.012 6 0.8840 0.8660 0.018 
7-16 0.4440 0.4310 0.013 1 1.0095 0.9905 0.019 


4% 0.5070 0.4930 0.014 1% 1.1350 1.1150 0.020 
9-16 0.5700 0.5550 0.015 144 1.2605 1.2395 0.021 


Caliper gauges with the above dimensions, and standard reference gauges 
for testing them, are made by The Pratt & Whitney Co. 


THE MAXIMUM VARIATION IN SIZE OF ROUGH 
IRON FOR U. S. STANDARD BOLTS. 


Am. Mach., May 12, 1892. 


By the adoption of the Sellers or U. S. Standard thread taps and dies keep 
their size much longer in use when flatted in accordance with this system 
than when made sharp ‘‘V,” though it has been found advisable in practice 
in most cases to make the taps of somewhat larger outside diameter than 
the nominal size, thus carrying the threads further towards the V-shape 
and giving corresponding clearance to the tops of the threads when in the 
nuts or tapped holes. 

Makers of taps and dies often have calls for taps and dies, U.S. Standard, 
“ for rough iron.”’ 

An examination of rough iron will show that much of it is rolled out of 
round to an amount exceeding the limit of variation in size allowed. 

In view of this it may be desirable to know what the extreme variation iu 
iron may be, consistent with the maintenance of U.S. Standard threads, i.e., 
threads which are standard when measured upon the angles, the only place 
where it seems advisable to have them fit closely. Mr. Chas. A. Bauer, the 

eneral manager of the Warder, Bushnell & Glessner Co., at Springfield, 
Ohio, in 1884 adopted a plan which may be stated as follows: All bolts, 
whether cut from rough or finished stock, are standard size at the bottom 
and at the sides or angles cf the threads, the variation for fit of the nut and 
allowance for wear of taps being made in the machine taps. Nuts are 
punched with holes of such size as to give 85 per cent of a full thread, expe- 
rience showing that the metal of wrought nuts will then crowd into the 
threads of the taps sufficiently to give practically a full thread, while if 
punched smaller some of the metal will be cut out by the tap at the bottom 
of the threads, which is of course undesirable. Machine taps are made 
enough larger than the nominal to bring the tops of the threads up sharp, 
plus the amount allowed for fit and wear of taps, This allows the iron to 
’ be enough above the nominal diameter to bring the threads up full (sharp) 
at top, while if i» is small the only effect is to give a flat at top of threads ; 
neither condition affecting the actual size of the thread at the point at which 
it is intended to bear. Limit gauges are furnished to the mills, by which the 
iron is rolled, the maximum size being shown in the third column of the 
table. The minimum diameter is not given, the tendency in rolling being 
nearly always to exceed the nominal] diameter. 

In making the taps the threaded portion is turned to the size given in the 
eighth column of the table, which gives 6 to 7 thousandths of an inch allow- 
ance for fit and wear of tap. Just above the threaded portion of the tap a 


t 
t 
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\ 
plate is turned to the size given in the ninth coJumn, these sizes being the 
same as those of the regular U. S. Standard bolt, at the bottom of the 
thread, plus the amount allowed for fit and wear of tap ; or, in other words, 
d’=U.S. Standard d+ (D’ — D). Gauges like the one in the cut, Fig. 
72, are furnished for this sizing. In finishing the threads of the tap a tool 


Tap Gauge) 


Fia. 72, 


is used which has a removable cutter finished accurately to pause by grind- 
ing, this tool being correct U.S. Standard as to angle, and flat at the point. 
It is fed in and the threads chased until the flat point just touches the por- 
tion of the tap which has been turned to size d’. Care having been taken 
with the form of the tool, with its grinding on the top face (a fixture being 
provided for this to insure its being ground properly), and also with the set- 
ting of the tool properly in the lathe, the result is that the threads of the tap 
are correctly sized without further attention. " 

It is evident that one of the points of advantage of the Sellers system is 
sacrificed, i.e., instead of the taps being flatted at the top of the threads 
they are sharp, and are consequently not so durable as they otherwise would 
be; but practically this disadvantage is not found to be serious, and is far 
overbalanced by the greater ease of getting iron within the prescribed 
limits ; while any rough bolt when reduced in size at the top of the threads, 
by filing or otherwise, will fit a hole tapped with the U.S. Standard han 
taps, thus affording proof that the two kinds of bolts or screws made for the 
two different kinds of work are practically interchangeable. By this system 
}/’ iron can be .005’’ smaller or .0108’’ larger than the nominal diameter, or, 
in other words, it may have a total variation of .0158’’, while 1}/’ iron can be 
.0105’’ smaller or .0309’” larger than nominal—a total variation of .0414”— 
and within these limits it is found practicable to procure the iron, 


STANDARD SIZES OF SCREW-THREADS FOR BOLTS 
AND TAPS. 
(Cuas. A. BAUER.) 


1:7) 248 4 5 6 7 8 9 10 ~ 

A|n| D d h f |Di—D| Dv d! H 
Inches. Inches.| Inches,| Inches.| Inches. | Inches. | Inches.| Inches. 

YY 0% 1855 0379 0062 -006 266! 1915 2024 


wg | 7] 1.1559 | “9394 ] ‘1083 | ‘0179 | ‘007 | 1.1629] :9464 | 9789 
144 | 7| 1.2809 | 1.0644 | ‘1083 | ‘0179 | °007 | 1.2879 | 1.0714 | 1.1039 


A = nominal diameter of'bolt. ee ys -2165 

D = actual diameter of bolt. — ‘ 

d = diameter of bolt at bottom of Ge Ace 1.29904 

thread. Le 

n = number of threads per inch. h= ae = pa? 

f = flat of bottom of thread. 125 

h = depth of thread. rapa 

‘ fe 

D! and d’ = diameters of tap. Hea Di= 18 = D’ = 85(2h) 


_ H=hole in nut before tapping. 


208 MATERIALS, a 


STANDARD SET-SCBEWS AND CAP-SCBEWS. 


American, Hartford, and Worcester Machine-Screw Companies, 
(Compiled by W. 8. Dix.) 


(A) | (B) (C) (D) (E) | (F) | (@) 


Diameter of Screw.... 3-16 4 5-16 36 | 7-16 tg 
Threads per Inch..... 24 - 18 16 14 2 
Size of Tap Drill*.....| No. 48 |No, 30) No, 5 17-64 | 21-64] 8g | 27-64 
< (H) 0) (J) (K) (L) | (M) | (N) 
Diameter of Screw....]| 9-16 | 5 34 % 1 ig 14 
Threads per Inch.... 12 11 1 9 8 7 G 
Size of Tap Drill*.... | 31-64 | 17-82] 21-32 | 49-64 | % |63-64| 116 
Set Screws. Hex. Head Cap-screws.| Sq. Head Cap-screws, 
Short] Long Short | Long : 
Short | Long | Lengths | #, Lengths | 7; . Lengths 
Diam. | Diam. | (under Diam.) D: ee (under sor eae (under 
of Head|of Head| Head). Head.| Heaa,| Head). Head.| Head,.| Head) 
(C) 4 35 | 84to3 | 7416] .b1 | 3% t03 % | .53 | 34 to38 
(D) 516] 144 84 to 3% 4 | 158 | 8to3y! 746| 16 | tos 
(E) %| .58 | to 3igl oie] “65 | {toate 1% | i11 | Sfto3 
(B} 6] “62 | 84 to 394] 54 | ire | 84 to 354, 9216} [80 | 34 to 394 
@) %| i7 | %toa | 82 | ler | Sto4 ‘39 | 84 to4 
(H) 9-16] :80 | 54 to 414] 18-16 | [94 | 9 to 414 11-16 | 198 | $4 to 414 
(I) 5g] _.89 | 84 todte] 7 | 1.01 | 1 to4 1.06 | 1 to4 
(J) 4 1.06 |1° to 484| 1 1.15 |114 to 434 4 1.24 |114 to 484 
(K) %| 1.24 |134 to5 | 114 | 1.80 |114g tob | 118 | 1.60 |116 tod 
(byred 1.42 16 to5 1144 | 1.45 /134 to5 1% 1.77 |18% to5 
(M) 144] 1.60 18% to5 | 156 | 1159 | 2to5 | 15¢ | 1.95 | Stos 
(N) 134] 1.77 \2 > toB | 13g 11.73 | 2tod | 114 | 2.18 |e tod 
Round and Filister Head Button-head Cap- , 
Danancniira, Flat Head Cap-screws. as ibe 
; Lengths EN gr ase (cs ae ths . Lengths 
Diam. of Diam, of | ,~e7sh Diam. of 
(under including (under 
Head. Head). ead. ¢ Head). Head. Head). 
(A) 3-16 to2 Y 34 to 134 | 7-32 (.225) | 34 to 134 
‘B) Y to 284 $4 to2 5-16 84 to 2 
(Cc) 8% to 3 15-82 84 to 24 7-16 4 to 24 
{D) 7-16 to 34 56 84 to 234 9-16 % to 2 
E) 9-16 4 to 3 4, 34 to 3 56 34 to 3 
(F) %% to 334 13-16 1to3 34 4 to 3 
{G) 34 4 to 4 % 1144 to 3 13-16 1to3 
(H) 13-16 1 to44% 1 14% to 3 15-16 14 to3 
buy 46.01 44 40 4s 1g | 194 tos 1 i to3 , 
Bea ifs to a 1 3 to 3 14 1% to3 
eae! 134 to5 
(L) 14 3 tod : ; 
a eee 
*¥or cast iron. For numbers of owisi-urs, ai Op 
Threads areU.§. Standard, Cap-screws are threaded 4 length up to anat 
1s increase by 14” | 


including 1” diam, x 4’ long, and 14 length above. Lengt 
each regular size between the limits given, Lengths oF 
and button, equal diam. of screws. 


iN 
The angle of the cone of the flat-head screw is 76° the sides making angi 
’ i gies 


i 


heads, except flat 


STANDARD MACHINE SCREWS. 209 


STANDARD MACHINE SCREWS. 


‘ Diam. |Diam. of|Diam.of| Lengths. 
Bo, | Pareeds per venee of Flat | Round | Filister ° 


ead. | Head. | Head. | prom To 


ee a —— — 

2 | 56 oszz | .1681 | 1544 | 1992 | 8-16 

3 | 48 0973 | 11804 | ‘1786 | [1545 | 3.16 

4 | 32,36,40 | ‘1105 | ‘2158 | ‘2008 | ‘ivar | 3-16 %4 

5 | 323640 | [1236 | ‘9401 | ‘go%0 | ‘1985 | 3416 % 

6 | 30,32 11368 | ‘2684 | ‘2512 | ‘evs | sae | 1 

7 | 30,32 1500 | ‘2047 | lovs4 | ‘oa92 1g 

8 30, 32 1631 -38210 -2986 2610 4 

9 24, 30, 82 1763 +3474 «8238 2805 1 
10 | 2430/32 | ‘1804 | ‘azar | ‘3480 | “a035 1 
12 | 20,24 25s | 14263 | ‘3922 | ‘3445 1% 
14 20, 24 2421 -4790 4364 2 
is | i6 18,20 | 12684 | ‘5316 | ‘4866 | 4300 oY, 
18 2047 | ‘5e42 | ‘5248 | 4710 Ne 
2 | 1618 3210 | 26368 | [5090 | [5200 24 
2% | 16,18 Biza | 6894 | ‘e106 | 15557 3 
24 16 387387 - 7420 6522 3 
9 | 14°16 4000 | :7430 | ‘6938 | ‘6495 3 
28 Ae! -4263 . 7946 «7354 -6920 B 3 
30 | 14,16 ‘4520 | (8473 | ‘i770 | l7e40 | 1 3 


ESTE Soll EAs Rod SESRRE 
j Fens We vary by 16ths from 3-16 to 14, by 8ths from ¥% to 114, by 4ths from 
03, 


' SIZES AND WEIGHTS OF SQUARE AND 
HEXAGONAL NUTS, 


United States Standard Sizes. Chamfered and trimmed. 
Punched to suit U. S, Standard Taps. 


5 ; a 
s 8 n g 2 Square. Hexagon. 
& ra (area Wes beae Rear s(t | 
wu S45 Aa Ss q 8 4g 
3 : g ° A 5 ire = 3 oO I 8 a 
|alale| 2 | fel se| # | ea] # 

F eae) os a ae] 6= | sg o- | #48 
a E Be | A | a q E wi E 

ie ee y% | 13-64) 11-16) 9-16] 7270 0138 | 7615 0131 
5-16 19-32} 5-16) 14 13-16 11-16} 4700 0231 | 5200 0192 
86 11-16 9 1 3-16) 2350 26 0333 
7-16 25-32) 7-16] 11-32) 1 % 1630 0613 | 2000 

9 y 1 1 1120 0893 | 1430 070 
9-16 31-32} 9-16] 29-64] 1 14% 890 1124 100 091 
56 1 1-16 33-64) 144 144 640 156 740 135 
#4 1% 34 39-64] 134 1 7-16) 380 263, 450 +222 
4 1 7-16) 4% 47-64) 2 1-16) 1 11-16 280 Boy 309 2324 
1 154 1 53-64) 2 5-16) 17 170 .588 216 463 
tlg /1 13-16) 14g 59-64] 2 9-16) 2 1-16} 180 769 148 876. 
1144 2 144 |1 1-16) 2 18-16) 2 5-16 96 1.04 111 -901 
1 2 3-16) 1 1 5-32) 34g 70 1,43 85 1.18 

1 234 | 146 |1 9-33] 3 Ys 58 | 1.72 68 | 1.47 

1 2 9-16] 1 1 13-382 2 15-16 44 2.27 56 | 1.79 
1% 234 134 (1 38% 3 3-16 34 2.94 40 | 2,50... 
1% 2 15-16] 17 1 334 80 8.33) 387 2.70 
2 3 2 1 82] 4 7-16) 36¢ 23 4.35 29 3.45 
234 3 214 |1 15-16] 4 15-16] 4. 1-16 19 5.26 21 4.76 
2 84 2 2 8-16) 516 4% R 8.33 15 | 6.67 
234 234 |2 7-16] 6 4 15-16 9 11.11 11 9.09 
3 4 8 6% | 5 5-16 6) 13.64 814111.76 


208 MATERIALS, * 


STANDARD SET-SCREWS AND CAP-SCREWS. 


American, Hartford, and Worcester Machine-Screw Companies, 
(Compiled by W. 8. Dix.) 


(A) | (B) (Cc) (D) (E) | (F) | @) 


Diameter of Screw.... 3-16 4 5-16 34 | 7-16 ly 

Threads per Inch..... 24 - 18 16 14 a 

Size of Tap Drill*.....| No. 43 |No,30| No, 5 17-64 | 21-64] 8g | 27-04 
, (H) 0) (J) (K) (L) | (M) | (N) 

Diameter of Screw....| 9-16 56 4 % 1 BSE 14% 

Threads per Inch.... 12 11 1 9 8 7 7 

Size of Tap Drill*.... | 31-64 17-32] 21-32 49-64 % | 63-64 1% 
Set Screws. Hex. Head Cap-screws. | Sq. Head Cap-screws. 


Short} Long Short | Long Z 
Short | Long | Lengths | ~. ri Lengths | 5; . Lengths 
Diam. | Diam. | (under gree plage Panes a ry (ander 
of Head\of Head| Head), Head. Head). H 


Head Head.| Head.| Head), 
(Cc) % to3 | 7416] .51 | 3¢to3 53 | 8 to3 
(D) 516) 144 es % | 158 | 4 to3% vie | ie 34 to 34 
©) % 4, to 916 | ‘65 | tose x | ‘1 | $4 toate 
(F) Tl6) 62 to 8841 54 | i72 | 34t03%| ote | [80 | 84 to 39% 
@) %| i1 | %to4 | $2 | ‘a7 | tod | 54 | 189 | Sto4 
(H) 9-16 80 | 54 to 44) 18-16 |] (94 | 94 to4%4| 11216 | 198 | S¢to 414 
WD $6) 89 | Satodis) % | 1-01 | tose 94 | 1.06 | I tos 
(d) 1:06 |1” to 4%| 1° | 1.15 |1%4 to 434) % | 1124 1134 to 484 
(K) %| 1.24 [114 to5 | 13% | 1:30 |1i¢ ton | 13g | 1.60 |1%6 tos 
(L) | 1142 lig tos | 134 11145 18 t05 | 1 | 177 [82 tos 
(M) 136] 1.60 [184 to5 | 18% | 1.59 | 2to5 | 15 |1.95 | Stos 
(N) 1%4| 1.77 jz tob | 1% | 1:73 | 2tod | 1% | 2:13 |e tos 
Round and Filister atton- 
anecrewe. Head | mat Head Cap-screws. B oe Cap-, 
Lengths 4 Lengths 2 Lengths 
Diam, of Diam. of | 078" Diam. of 
(under (including t . (under 
Head. Head), Head. ead). Head ead). 
(A) 316 to 246 to 134 | 7-32 (.225) | 34 t01% 
8 14 to 284 Hh eae ess 4B to2- 
(C) to 3 1 54 to 244 7-16 4 to 
D) 7s to 3% 56 %4 to 254 9-16 8 to 
E) 9-16 to 314 % $4 to 3 5% to 254 
(F) 4 to 334 13-16 1to38 34 4 to 3 
(G) % 4 to 4 % 14 to 3 13-16 1to3 
(H) 13-16 to 414 114 to 3 15-16 | 114 to8 
1) % 114 to 4a 1 134 to 3 1 WKto3s , 
x 3 1g to 384 1 3103 14 194 to3 
0 
L) ig $ to5 


* ¥or castiron. For numbers uf owisi-ur.. P 


Threads areU.8.Standard. Cap-screws are threaded Pe ‘up to 

Pc apeenad a pre iol rhe arr uy length ig gaheh Len he ices eer 

gular size ween the limits given, ngth: 7 

and button, fe diam. of screws. e pr Binsin hes me 
to) 


The le of the cone of the fla is 76° i 
of ba" with the too. e flat-head screw is 76°, the sides making angles 
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CONE-HEAD BOILER RIVETS, WEIGHT PER 100.) 
(Hoopes & Townsend.) 


Diam..in.,! 1g | 9/6 | 5/8 |11/16| 94 | 19/16) % | 1 | 136 | 154" 


Length. | Ibs. | Ibs, | Ibs. | Ibs. | Ibs. } Ibs. | Ibs Ibs. | Ibs, | Ibs, 
8% inch 8.75| 18.7 | 16.20 | 
% 9.35) 14.4 | 17.22 
1 se 10.00| 15.2 | 18.25] 21.70] 26.55 
14 * 10.70} 16.0 | 19.28] 23.10} 28.00 
igs 41.40| 16.8 | 20.31] 24.50] 29.45] 37.0] 46 60 
J et 42.10] 17.6 | 21.34] 25.90] 30.90) 38.6) 48 63 95 
tie 12.80] 18.4 | 22.37] 27.30] 82.35} 40.2) 50 65 98 | 133 
1 ae 13.50| 19.2 | 28.40] 28.70] 33.80} 41.9) 52 67 101 137 
13% “ 14.20| 20.0 | 24.43] 30.10] 85.25] 43.5) 54 69 104 141 
1% “ 14.90] 20.8 | 25.46] 31.50] 36.70) 45.2] 56 WW 107 145 
2 3 15.60| 21.6 | 26.49] 32.90] 88.15] 47.0) 58 94 110 149 
Qe * 16.30| 22.4 | 27.52] 34.80] 39.60) 48.7) 60 G7 114 153 
Big ss 17.00] 23.2 | 28.55] 85.70] 41.05) 50.3 62 80 118 157 
os 17.70| 24.0 | 29.58} 37.10] 42.50) 51.9) 64 83 121 161 
216“ 18.40| 24.8 | 30.61] 38.50) 43.95) 53.5) 66 86 | 124} 165 
ss 19.10] 25.6 | 31.64] 39.90] 45.40) 55.1 68 89 127 | 169 
234 19.80} 26.4 | 32.67) 41.30} 46.85) 56.8} 70 92} 130] 178 
24% 20.50) 27.2 | 33.70) 42.70) 48.30) 58.4 KP 95 133 177 
3 “ 21.20 28.0 | 34.78] 44.10] 49.75) 60.0) 74 98 137 181 
3144“ 92.60) 29.7 | 36.79) 46.90] 52.65] 63.3! 78 | 103] 144 | 189 
314 *S 24.00] 31 5 | 38.85] 49.70] 55.55) 66.5] 82 | 108] 151.) 197 
334 25.40) 83.3 | 40.91] 52.50) 58.45} 69.8} 86 113 158 205 
4 Us 26.80| 35.2 | 42.97) 55.30) 61.35} 73.0} 90 118 165 213 
444“ 28 .20| 36.9 | 45.03) 58.10] 64.25] 76.3) 94] 124] 172] 221 
ce 29.60 38.6 | 47.09] 60.90} 67.15] 79.5} 98 | 1380] 179 | 229 
434“ 31.00| 40.3 | 49.15} 63.70) 70.05) 82.8 102 136 186 | 237 
5 « 32.40| 42.0 | 51.21] 66.50) 72.95) 86.0 106 142 193 | 245 
Big Sf 33.80] 43.7 | 53.27] 69.20) 75.85) 89.3} 110] 148 200 | 254 
544 35.20| 45.4 | 55.33] 72.00] 78.75| 92.5] 114] 154 206 | 263 
534 36.60| 47.1 | 57.39] 74.80] 81.65] 95.7] 118 | 160] 212) 272 
Gpeere 88.00} 48.8 | 59.45] 77.60 55| 99.0] 122] 166] 218 | 281 
644“ 40.80) 52.0 | 63.57}°83.30] 90,35! 105.5) 130 177 | 281 297 
q se 43.60| 55.2 | 67.69) 88.90] 96.15] 112.0} 138 188 | 245 | 314 
Heads......| 5.50} 8.40] 11.50] 18.20} 18.00] 28.0} 29.0 | 38.0 | 56.0 | 77.5 
* These two sizes are calculated for exact diameter. 
ee with button heads weigh approximately the same as cone-head 
rivets. * 
TURNBUCKLES. 
(Cleveland City Forge and Iron Co.) 


Standard sizes made with right and left threads. D = outside diameter 


re 
Fia. 73. 


ee] 


of screw. A= length in clear between heads = 6 ins. for all sizes, B= 
length of tapped heads = 14D nearly. C= 6ins, + 3D nearly. 


212 MATERIALS, 


SIZES OF WASHERS. 


i 2 Thickness, 
Diameter in |Size of Hole, in| UC Bolt in 
inches. inches,’ | Birmingham | jnches, | No. in 100 Ibs, 


Wire-gauge. 

5-16 No. 16 4% 29,300 

“ 16 5-16 18,000 

1 =16 “ 14 7,600 
1 9-16 rotgess b 8,300 
1 Cae 16 2,180 
1 | 11-16 3} 2,350 
134 13-16 * 1) 1,680 
12 81-82 6:10) 1,140 
18 1 580 

14 me} 1 470 

3 1 pea § 1 360 
3 1 “ 6 1 860 


TRACK SPIKES, 


Kegs per Mile, 
Rails used Spikes, Number, in Keg, Ties 24 in, 

between Centres, 

—$—$ $$} 
45 to 85 516 x 9-16 880 80 
40 ** 52 5 9-16 400 27 
35 ** 40 5 x 490 22 
24 35 550 20 
* 30 446 x 7-16 725 15 
8 8 24 4 x7-16 820 18 
16 “ 816 x 1250 9 
14“ 16 3 x 1850 8 
8“ 12 216 x 1550 cS 
8 * 10 216 x 5-16 22U0 & 


STREET RAILWAY SPIKES, 


7 ; Ke, r Mile, Ties 24 in. 
Spikes. Number in Keg, 200 Ibs. “a neh canitoaten 
x9-16 400 80 
pe x 575 19 
416x716 800 18 


ee 
BOAT SPIKES. 
Number in Keg of 200 Ibs, 


5-16 74 4 


seevcceece socce 525 300 
te eecenecens sees 451 205 


SPIKES; OUT NAILS. 213° 


WROUGHT SPIKES. 
Number of Nails in Keg of 150 Pounds, 


4 in. 5-16 in, 86 in. 7-16 in. 4% in. 


s[eweecccecce jeoe- ceeeorceleoserscserie 


sfocese 


eoclece 


seco tebeaee 


WIRE SPIKES. 


Size. ENN S Size|Ap. No. Size. Approx. Size]Ap. No, 


ire Nails.| in 11b, of Wire Nails.| in 2 1b: 
10d Spike,.....)3 in. No.7 50 60d Spike....:.16 in. No.1 10% 
2 Oo Pg Ree ice, eeanaiekem 385 TC actin| Ol@icee seed 9 
DO eT ee ans bag ia 3 26 alld k PEE (abil tas ia | q 
SOd i oheas'g ag te te 20 See er SaaS sete 00 5 
AGA) Heeb thceeg 15 g9 #8 To «© «© 00 44% 
SOUS oe wn GPG 28 SS B 12 ; 


LENGTH AND NUMBER OF CUT NAILS TO THE ~ 
2 POUND. 


| Brads. 
: | Tobacco. 
|Cut Spikes. 
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R16 MATERIALS, 


SIZE, WEIGHT, LENGTH, AND STRENGTH OF IROk 
WIRE. 
(Trenton Iron Co.) 


Tensile Strength (Ap- 
Diam. | area of proximate) of Charcoal 
No, by } in Deci- Section in | Feet to | Weight of | “tron Wire in Pounds, 
gue mals of |necimals of} . the _One Mile pit isabakcod Maboisth & ‘ 
auge. pap One Inch, | Found. | in pounds. Ss 
Heh. 


Bright. | Annealed, 


as ee oe 
00000 | .450 «15904 1.863 | 2833 248 12598 9449 
0000 4 «12566 2.358 | 2238.878 9955 7466 
000 360 10179 2.911} 1818.574 8124 6091 
00 330 08558 8.465 | 1523.861 880 5160 
0 305 07306 4.057 | 1301.678 5926 
1 +285 -06379 4.645 | 1136.678 5226 8920 
2 265 .05515 5.874 | 982.555 4570 8425 
3 245 04714 6,286 | 839.942 3948 2960 
4 225 03976 7.454 | 708.365 8374 2580 
5 205 -03301 8.976 | 588.139 9 2130 
6 190 5 10,453 | 605.084 2476 1860 
v 175 02405 12,322 | 428.472 2186 1600 
8 02011 14,786 | 358.3008 1813 1360 
9 145 01651 17.950 | 294.1488 1507 1130 
10 -130 01327 22.333 | 236.4384 1233 925 
11 1175 | 01084 27.340] 198.1424 1010 758 
12 5 «00866 84.219 | 154.2816 810 607 
13 -0925 00672 44.092 } 119.7504 631 473 
14 ; .00508 58,916 | 89.6016 474 356 
15 07 00385 76.984 | 68.5872 372 280 
16 061 101.488 | 52.0080 292 220 
17 0525 00216 137.174 | 38.4912 165 
18 045 00159 186.335 | 28.3378 169 127 
19 .0012566 | 285.084 | 92.3872 137 108 
20 035 0009621 | 308.079 | 17.1389 107 80 
21 -031 0007547 |. 892.772 | 13.4429 |__E 
22 0006157 } 481.284] 10.9718 S32 a é. |, 
23 +025 -0004909 | 603.863 8.7437 pee sss Ss 
24 0225 0003976 | %45.710 7.0805 2 Sete F 
25 .02 0003142 | 943.396 5.5968 ust oesas & 
26 01 0002545 | 1164.689 4.5334 oF83 3 2 8, 
27 -017 0002270 | 1305.670 4.0439 Bode SeSes. 
28 .016 0002011 | 1476.869 3.5819 SySossegs : 
29 015 .0001767 | 1676.989 3.1485 acseeeas og 
30 014 0001589 | 1925.321 2.7424 gba a2 re & 
31 013 -0001327 | 2232.653 2.3649 ayacsases g 
32 012 0001131 | 2620.607 2.0148 ES ogeageu § 
33 O11 0000950 | 8119.092 1.6928 Ee Seas 5 
34 010 00007854 | 3773.584 1.3992 ngtsoasas a 
35 0095 00007088 }| 4182.508 1.2624 pPSaZSSS2 « 
36 009 00006362 | 4657.728 1.1336 Buhle a ERs S 
37 0085 | .00005675 | 5222.035 | 1.0111 eoa2 vanga 5 
38 008 00005027 | 5896.147 89549 ossseouds & 
39 -00%5 | .00004418 | 6724.201 -78672 Bosecande Fi 
40 007 00003848 | 7698.253 168587 gaa F 
SR EE a aR EA hs See eas ie LA ee SEE SY 
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GALVANIZED IRON WIRE FOR TELEGRAPH AND 
TELEPHONE LINES. 


(Trenton Iron Co.) 

Weicut PER Mitz-Onm.—This term is to be understood as distinguishing 
the resistance of material only, and means the weight of such material re- 
quired per mile to give the resistance of one ohm. To ascertain the mileage 
resistance of any wire, divide the ‘‘ weight per mile-ohm ™’ by the weight of 

the wire per mile. Thus in a grade of Extra Best Best, of which the weight 

er mile-ohm is 5000, the mileage resistance of No, 6 (weight per mile 525 
The) would be about 9144 ohms; and No. 14 steel wire, 6500 lbs. weight per 
mile-ohm (95 lbs. weight per mile), would show about 69 ohms, 


Sizes of Wire used in Telegraph and Telephone Lines. 


No. 4. Has not been much used until recently; is now used on important 
lines where the multiplex systems are applied. 

No, 5, Little used in the United States. 

No. 6. Used for important circuits between cities, 

No. 8. Medium size for circuits of 400 miles or less. ‘ 

No. 9. For similar locations to No. 8, but on somewhat shorter circuits ; 
until lately was the size most largely used in this country. 

Nos. 10, 11. For shorter circuits, railway telegraphs, private lines, police 
and fire-alarm lines, ete. 

No. 12. For telephone lines, police and fire-alarm lines, etc. 

Nos, 13, 14. For telephone lines and short private lines: steel wire is used 
most generally in these sizes, 

The coating of telegraph wire with zine as a protection against oxidation 
is now generally admitted to be the most efficacious method. 

The grades of line wire are generally known to the trade as ** Extra Best 
Best’? (E. B. B.), ‘** Best Best’ (B. B.), and ‘‘ Steel.” 

“ Extra Best Best” is made of the very best iron, as nearly pure as any 
commercial iron, soft, tough, uniform, and of very high conductivity, its 
weight per mile-ohm being about 5000 lbs, 

The ‘‘ Best Best’ is of iron, showing in mechanical tests almost as good 
results as the E. B. B., but not quite as soft, and being somewhat lower in 
,eonductivity; weight per mile-ohm about 5700 Ibs. 

The Trenton “‘ Steel” wire is well suited for telephone or short telegraph 
lines, and the weight per mile-ohm is about 6500 lbs. 

The following are (approximately) the weights per mile of various sizes of 
galvanized telserers wire, drawn by Trenton Iron Co.'s gauge: 

No. 4, Fi 6, ve 8, 9, DOP se Dye aes a 18,0114; 
Lbs. 720, 610, 525, 450, 3875, 310, 250, 200, 160, 195, 95. 


TESTS OF TELEGRAPH WIRE. 
The following data are taken from a table given by Mr, Prescott relating 
fe tests of E. B, B, galvanized wire furnished the Western Union Telegraph 
10.3 


5 Resistance, Ratio of 
. Diam, Weight. Length. A 
Bize Parison 8 Feet | Lemp. 75.8° Fahr. apt a 


fs One a per 
Wire. Grains. | Pounds Feet Ohms | Weight 
ae per foot.|per mile. ia per ohm.| per mile.| per mile,’ 


4 +233 1043.2 886.6 6.00 958 5.51 

5 2 891.3 673.0 7.85 727 7.26 

6 203 758.9 572.2 9.20 © 618 8.54 3.05 
7 180 596.7 449.9 11.70 578 10.86 3.40 
8 165 501.4 378.1 14.00 409 12.92 3.07 
9 148 403.4 804.2 17.4 828 16.10 3.38 
10 134 330.7 249.4 21.2 269 19.60 8.87 
11 -120 265.2 200.0 26.4 216 24.42 2,97 
12 -109 218.8 165.0 82.0 179 29.60 3,43 
i4 083 126.9 95.7 55.2 104 51,00 8,05 


JOINTS IN TELEGRAPH WirEs.—The fewer the joints in a line the better. 
All joints should be carefully made and well soldered over, for a bad joint 
may cause as much resistance to the electric current as several miles of 
wire, 
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HARD-DRAWN COPPER TELEGRAPH WIRE. 
(J. A. Roebling’s Sons Co.) 
Furnished in half-mile coils, either bare or insulated. 


SeSee COTES STE COW 9 RO TRS 
Approximate 
Size, B. & 8.) Resistance in | poking Weight sizeof B.B, 
Jaug i m6 : F ron Wire 
Gauge, per Mile. Strength. per Mile, equal’ to 
Copper. 
——_—_—_. 
9 4.30 625 209 2 
10 5.40 525 166 3 ¢ 
11 6.90 420 131 4 4 
12 8.70 330 104 6 = 
13 10. 270 83 6166 
14 13.70 213 66 8a 
15 17.40 170 52 9 5 
16 22.16 - 480 41 10 0 


I handling this wire the geet care should be observed to avoid kinks, 
bends, scratches, or cuts. Joints should be made only with McIntire Con- 
nectors. 

On account of its conductivity being about five times that of Ex. B. B. 
Tron Wire, and its breaking Strength over three times its weight per mile, 
copper may be used of which the section is smaller and the weight less than 
oe panivalent iron wire, allowing a greater number of wires to be strung on 
the poles, 

Besides this advantage, the reduction of section materially decreases the 
electrostatic capacity, while its non-magnetic character lessens the self-in- 
duction of the line, both of which features tend to increase the possible 
Speed of signalling in telegraphing. and to give greater clearness of enunci- 
ation over telephone lines, especially those of great length, 


| INSULATED COPPER WIRE, WEATHERPROOF 


INSULATION. 
Double Braid. Triple Braid, 
au MRPIOXBEGIp 
Num- eights, 
bers, |Outside Weights, {Outside Weights, Pounds. 
B. & §.|,Diame-| Pounds, Diame- Pounds. 
Gauge,| ters in ters in 


82ds 82ds 
Inch. | poet, | Mile. | Inch. | 70 | mite. | Reet. | cou 


—_ |__| —__- — |__| 


0000 20 716 8781 24 U5 4092 2000 250 

000 18 575 8036 22 630 3326 2000 250 

00 17 465 2455 18 490 2587 500 250 

0 i6 75 1980 17 400 2112 500 250 

2 15 285 1505 16 806 1616 5u0 250 

2 14 245, 1294 15 268 1415 500 250 

3 13 190 1003 14 210 1109 100 250 

4 11 152 803 12 164 866 250 125 

5 10 120 684 11 145 766 260 130 

6 9 98 518 10 112 591 27 140 

8 8 66 349 9 78 412 200 100 

10 7 45 238 8 55 290 200 100 

12 6 80 158 q 385 185 nee 25 
14 5 20 106 6 26 137 

16 4 14 74 5 20 106 . 25 

18 3 10 53 4 16 sees 25 
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Power Cables. Lead Incased, Jute or Paper Insulated, 
(John A. Roebling’s Sons Co.) 


Nos,._ | Circular guene ia net Nos., | Circular Peer c pee ae 
B.&8.G.) Mils. |i iches.| Pounds, #2: &S:S| Mills. linches.| Pounds, 


1 18/16 6685 A, 3060 
1 28/32) 6228 1 3/16 2732 
1 21/82) 5773 0000 211600 | 1 3/32 2533 
15g 5543 000 168100 | 1 1/16 2300 
1 19/32) 5315 00 133225 | 1 2021 
1 9/16 5088 0 105625 15/16 1772 
1 17/82 4857 1 83521 29/32 1633 

4630 2 66564 % 1482 
1 7/16 4278 3 52441 25/32 1360 

3923 3 41616 34 1251 


Stranded Weather-proof Feed Wire. 


w w 
Weights. |o® Weights. |o0’o 
Pounds. |@% : Pounds. |3 8 
Circular ee a 8 @ Circular eos. gs 
Ss. Kg Mils. F Wig 
Touches OSs Inches. OSs 
1000 | mite. | 5. °S 1000 | write. | 5.3 
feet, Bae feet. Bae 


1 1 3/16 | 2043 | 10787] 1200 
1 13/321 3215 | 16975, 800 500000 | 11g 1875 | 9900| 1320 
1 11/82; 2880 | 15206) 850 450000 | 1 3/82 | 1703 | 8992) 1400 
750000 ie 2718 | 14325) 850 400000 | 11/16} 1530 | 8078 ao 
y 
1 


: 1 1358 
4 2878 | 12556} 900 800000 15/16] 1185 | 6257) 1600 - 
7/82 | 2210 | 11668) 1000 250000 29/32] 1012 | 5843) 1600 


The table is calculated for concentric strands. Rope-laid strands are 
larger. 

Approximate Rules for the Resistance of Copper Wire, 
—The resistance of any copper wire at 2U° C, or 68° F., according to Mat- ~ 


thiessen’s standard, is R = aa » in which F is the resistance in inter- 


national ohms, 1 the length of the wire in feet, and d its diameter in mils. 
(1 mil = 1/1000 inch.) 

A No. 10 Wire, A.W.G., .1019 in. diameter (practically 0.1 in.), 1000 ft. in 
length, has a resistance of 1 ohm at 68° F. and weighs 31.4 lbs. 4 
If a wire of a given length and size by the American or Brown & Sharpe 
pauce has a certain resistance, a wire of the same length and three numbers 
igher has twice the resistance, six numbers higher four times the resist- 

ance, ete. 


Wire gauge, A.W.G.No..... 000 1 4 7% 1018 ABT 19s eee 
Relative resistance......... ii ogee sate: | 2 EA Wan 1/81/16 
“section or weight.. 1/16 1/8 1/4412 1 2.4 8 16 


Approximate rules for resistance at any temperature : 
9.6(1 + .004£)1 
Ry = Ro(l-+ 004; Ry = SOOT, 


Rp = resistance at 0°, R, = resistance at the temperature 7° C., 2 = length 
feet, d = diameter in “mils. (See Copper Wire Table, p. 1084.) 
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GALVANIZED STEEL-WIRE STRAND. 
Wor Smokestack Guys, Signal Strand, etc. 
(J. A. Roebling’s Sons Co.) 
_ This strand is composed of 7 wires, twisted together into a single strand. 


i slots dod * ee to$ iu an wg 
ge | as |SE5q 8 | aS | ESST ¢ ag | Bee 
S | sf | eke 2 oO) | oe o 2 2 Spare 
x} ae Sh © ra) 3h CG) sm oo 
gd | Be | S28] 2 | Se | 228] 2 | Be | SES 
Ss OF BAN a =” mA a coal mA 

ere) == a a E I a Ee =| 
in. | Ibs. | Ibs. Ibs. | Ibs. in. Ibs. Tbs 
51 8,320 18 2,600 | 5/32 700 
15/32 | 48 7.500 15 2950 | 9/64 | 3 525 
7/16 37 | «6,000 1146 | 1,75 0, 24 375 
30 | 4;700 834 | 1,300 9 3/32] 2 320 
5/i6 | 21 | 37300 64 | 110 


_ For special purposes these strands can be made of 50 to 100 per cent 
‘greater tensile strength. When used to run over sheaves or pulleys the use 
_ of soft-iron stock is advisable. 


FLEXIBLE STEEL-WIRE CABLES FOR VESSELS. 
(Trenton Iron Co., 1886.) 


4 
_ With numerous disadvantages, the system of working ships’ anchors with 
- chain cables is stillin vogue. A heavy chain cable contributes to the hold- 
ng-power of the anchor, and the facility of increasing that resistance by 
paying out the cable is prized as an advantage. The requisite holding- 
pant is obtained, however, by the combined action of a comparatively 
ight anchor and a correspondingly great mass of chain of little service in 
proportion to its weight or to the weight of the anchor. If the weight and 
size of the anchor were increased so as to give the greatest holding-power 
required, and it were attached by means of a light wire cable, the combined 
weight of the cable and anchor would be much less than the total weight of 
the chain and anchor, and the facility of handling would be much greater. 
English shipbuilders have taken the initiative in this direction, and many of 
the largest and most serviceable vessels afloat are fitted with steel-wire 
- cables. They have given complete satisfaction. 
_ The Trenton Iron Co,’s cables are made of crucible cast-steel wire, and 
' guaranteed to fulfil Lloyd’s requirements. Ader. are composed of 72 wires 
_ subdivided into six strands of twelve wires each. In order to obtain great 
flexibility, hempen centres are introduced in the strands as well as in the 
_ completed cable. 


FLEXIBLE STEEL-WIRE HAWSERS, 


These hawsers are extensively used, They are made with six strands of 
_ twelve wires each, hemp centres being inserted in the individual strands as- 
_ well as in the completed rope. The material employed is crucible cast steel, 
_ galvanized, and guaranteed to fulfil Lloyd’s requirements. They are onl 
_ one third the weight of hempen hawsers; and are Sarah pliable to wor 
_ Found any bitts to which hémpen rope of equivalent strength can be applied. 

_ 13-inch tarred Russian hemp hawser weighs about 39 lbs. per fathom, 

10-inch white manila hawser weighs about 20 Ibs. per fathom, 
1%-inch stud chain weighs about 68 lbs. per fathom. 
4inch galvanized steel hawser weighs about 12 lbs. per fathom. 
Each of the above named has about the same tensile strength. 


o 


Seer be 
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SPECIFICATIONS FOR GALVANIZED IRON WIRE. 
Issued by the British Postal Telegraph Authorities, 


Tests for Strength and 


Weight per Mile, Diameter. Ductility. 4 cS 
eee — =: 

2438 i218 jz wae Ep 
iS ws@ (8 12 |e j2 | ose leg 
3 AlEgi2z |Es/8 |Fs| 803/38 
3 | Allowed. Allowed. [2.21 Sle | |S ‘Sy S| so |na 
a Slea/e 5 Sa] Pa [Sal eSo/ ms 
i : Safe eloe/e a [54] 208 [Ee 

oORla 
SF 2 4 [wel |wein |e°* 13x 
s 5 —| 3 i - 1188 Seal ee ees es 
. ° - . _ ° Of 
e1sl18 12818 [(8 lide isle |e] 8 (83 
“Tala j4 i ata lalee (ale lala & 
2/8 |e sls q Seg Bey Fe 
2 3/3 /8/sF le/* |8] 8 
Ibs. | Ibs. | mils. | mils. | mils. | Ibs. Ibs lbs ohms, 
3800 | 767 | 883 242} 237 247 12480} 15 |2550} 14 | 2620] 18 6.75 |5400 


204 f 
450 | 424 | 477 181 } 176 | 186 |1890) 19 }1425] 18 | 1460; 17 | 12.00 |5400 
400 | 877 | 424 171 | 166 | 176 {1240} 21 |1270) 20 | 1800} 19 | 18.50 |5400 
200 | 190 | 213 121 | 118] 125 | 620] 30 | 638 28 | 655] 26 | 27.00 15400 


STRENGTH OF PIANO-WIRE. 
The average strength of English piano-wire is given as follows by Web 
ster, Horsfals & Lean: 
f SEES ELSE OE SE A Ue GREE La er ee ee UO 


Numbers | Equivalents} Ultimate }}/ Numbers | Equivalents] Ultimate. 
in Musie- lin Fractions} Tensile in Music- jin Fractions} Tensile 
wire of Inches in | Strength in wire of inches in | Strength in 

Gauge. |Diameters,} Pounds, Gauge. | Diameters.| Pounds. 

12 2029 18 041 395 

13 031 19 0043 425 

14 033 20 045 500 

15 0035 21 047 540 

16 037 22 0052 650 

17 089 


a EE Ss eg ee a gd) Se ee ee 

These strengths range from 300,000 to 340,000 lbs. per sq. in. The compo- 
sition of this wire is as follows: Carbon, 0.570; silicon, 0.090; sulphur, 0.011; 
phosphorus, 0,018; manganese, 0.425. 


“PLOUGH”-STEEL WIRE. 


The term “ plough,” pron in England to steel wire of high quality, was 
derived from the fact that such wire is used for the construction of ropes 
used for ploughing purposes. It is to be hoped that the term will not be- 
used in this country, as it tends to confusion of terms. Plough-steel is. 
inown here in some steel-works as the quality of plate steel used for the 
mould-boards of ploughs, for which a very ordinary grade is good enough, 

Experiments by Dr, Percy on the English plough-steel (so-called) gave the 
following results: Specific gravity, 7.814; carbon, 0.828 per cent; manga- 
nese, 0.587 per cent; silicon, 0.143 per cent; sulphur, 0,009 per cent; phos: 
phorus, nil; copper, 0.030 per cent. No traces of chromium, titanium, or 
tungsten were found. The breaking strains of the wire were as follows: 


Diameter, inch. .... - 093 -182 2159 191 
Pounds per sq. inch -» 344,960 257,600 224,000 201,600 


The elongation was only from 0.75 to 1.1 per cent. 
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WIRES OF DIFFERENT META LS AND ALLOYS, 
(J. Bucknall Smith’s ‘Treatise on Wire.) 


Brass Wire is commonly composed of an alloy of 13/4 to 2 parts of 
copper to 1 part of zinc. The tensile strength ranges from 20 to 40 tons per 
Square inch, increasing with the percentage of zine in the alloy. 

German or Nickel Silver, an alloy of copper, zine, and nickel, is 
practically brass whitened by the addition of nick . It has been drawn inte 
Wire as fine as .002” diam. 

Platinum wire may be drawn into the finest sizes. On account of its 
high vreeits use is practi cally confined to special scientific instruments and 
electrical appliances in which resistances to high opaae, oxygen, and. 
acids are essential. It expands less than other metals when heated, whicn 
property permits its being sealed in glass without fear of cracking. It is 
therefore used in incandescent electric lamps. 

Phosphor-bronze Wire contains from 2 to 6 per cent of tin and 
from 1/20 to 1/8 per cent of phosphorus. The presence of phosphorus is 
detrimental to electric conductivity. ; 

* Delta-metal » wire is made from an alloy of eee. iron, and zine. 
its strength ranges from 45 to 62 tons per square inch. It is used for some 
kinds of wire rope, also for wire gauze, It is not subject to deposits of ver- 
digris. lt has great toughness, even when its tensile strength is over 60 
tons per square inch. 

Aluminum Wire. — Specific vity .268. Tensile strength only 
about 10 tons per square inch. It has n drawn as fine as 11,400 yards to 
the ounce, or .042 grains per yard. 

Aluminum BronzZe, ‘0 copper, 10 aluminum, has high strength and 
ductility; is inoxidizable, sonorous. Its electric conductivity is 12.6 percen', 

Silicon Bronze, ss in 1882 by L. Weiler of Paris, is made as 
follows : Fluosilicate o! 
cium, carbonate of soda and lime, are heated in a plumbazo crucible, aiid 
after the reaction takes place the contents are thrown into the molten 


gives a tensile strength of 28 tons per square inch, but when its conductivity 
is 34 per cent of pure copper, its strength is50 tons per square inch. Itis 
being largely used for telegraph wires. It has great resistance to oxidation. 


SPECIFICATIONS FOR HARD-DRAWN COPPER 
WIRE. 


The British Post Office authorities require that hard-drawn copper wire 
' supplied to them shall be of the le gths, sizes, weights, strengths, and con- 
ductivities as set forth in the annexed table, 


t 
4 bo = “DS ke 
| Weight per Statute | Approximate Equiva-] 5 |%% |s3® 25 
oe tile. lent Diameter. 3 : es meal | Fes 
BS | 2S ease S25 
: . gs : : g Ble fgpas| ae 
SE | a z = I ge | sa /ESES/ ce -8 
ba = a Ss |) Se ae oS} 29°. 
Bs] & F  lostoat A & | £2 \e3e8/ bss 
OF Gi en OO: Me bes Mae gq | 22 eees/scs 
ea} 21s |a)]8 | 8 ]8 [RES rhe 
fos. 
30 50 
25 50 
20 50 
10 50 
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WIRE ROPES. 
List adopted by manufacturers in 1892. See pamphlets of John A. 
Roebling’s Sons Co., Trenton Iron Co., and other makers, 
Pliable Hoisting Hope. 


With 6 strands of 19 wires each, 
TRON. 


pans - e 


a Bes oy as 
. pes Bod aa tow ° 2 
§ g | 388 | 42 | 20 sq | gs 
a I Sea i #a ae 5, an 
g neues Rev eh ail er teehee f2e. | So 
Ss I o Qo ot Bas Bud oF 
Biles ot 2g: |) sommniteepmen a osbge canis 
e | £ | es | See, | de] Se | E88 | :2 
= aos tS Ee 
Fa ry 34 Baers ae EAR 5 aka =i 
1 a | 6% 8.00 | v4 15 14 13 
2, | 2 6 6.30 65 3 1B 12 
3 13%, | 5% 5.25 54 11 12 10 
4 1g | 5 4:10 44 9 11 
5 16 434 3.65 39 8 10 he 
a 4 3.00 38 6 9 % 
6 14 | 4 2150 or 5 64 
7 % | 3% 2:00 | 20 4 6 
8 3 1158 6 3 6 54 
9 % | 234 1:20 11.50 2 5 4 
10 214 0.88 8.64 1 494 4 
104 3 0.60 5.18 14 334 3 
yore | ~ 9-16] 154 0.48 4.27 4 3 284 
1094 oa eee (4 0.39 3.48 3 214 
10a 16) 15% 0.29 3:00 234 2 
107 % | 1% 0.28 2150 4 B04 4 
CAST STEEL. 
1 a4 | 6% 8.00 155 at 84 
2 ois wltug 6.30 125 25 8 
3 1 Bi 5.25 106 21 4 
4 1 5 4.10 86 7 64 
5 1 434 3.65 7 15 5% 
Big | 1S 4 3.00 63 12 Bie 
6 14 | 4 2150 52 10 5 
7 1% | 33 2.00 42 8 4M% 
8 1 3 1.58 33 6 Ride 
9 %| 3 1:20 25 5 34 
10 - 214 0:88 18 316 3 
oy | | 2 0.60 12 6 2 
i008 | dete] 154 | 0.48 9 194 1 
103% %| 1 0.39 7 tie 4 1 
10a, #16] 1 0.29 5M 114 3 114 
10% a | 14 0.23 46 % 3i4 


- 
Cable-Traction Bopes. 

According to English practice, cable-traction ropes, of about 344 in. in 
circumference, are commonly constructed with six strands of seven or fif- 
teen wires, the lays in the strands varying from, say, 3 in, to 34 in., and the 
lays in the ropes from, say, 74in. to9in, In the United States, however, 
strands of nineteen wires are generally preferred, as being more flexible; 
but, on tke other hand, the smaller external wires wear out more rapidly. 
The Market-street Street Railway Company, San Francisco, has used ropes 
14 in. in diameter, composed of six strands of nineteen steel wires, weighing 
by04 lbs. per foot, the a Ne continuous length being 24,125 ft. The Chicago 
City Raliroad Company has employed eables of identical construction, the 
longest length being 97,700 ft. On the New York and Brooklyn Bridge cable | 
railway steel ropes of 11,500 ft. long, containing 114 wires, have been used. 
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Transmission and Standing Rope. 
With 6 strands of 7 wires each. 


IRON, 
Sooo 
fos a 3 3 
Sie : e298 cm dos F 3 
& > 9 o°9 "=. 8° ) oI 
s e | oe, | fo] ge | bok [Se 
v Be So = le 
Ba eeel Sref ae em foe eee | Baoe ee 
4 $ g | 23m £3 nas | geek | 88 
© 2 Shaq. | # Sum Eber Fe 
a |: | 2 | Sse | 92 | Be | Bs82 | 2 
a a pS) al slau conl (at Are | Gama | Bo 
— Te 
11 1% | 44 | 3.87 | 36 9 10 13 
wz | 15% | 49 | e277 | 20 7 9 12 
we | 14 124 2:28 | 25 654 Bg | 1034 
4 | 1%] 3 1182 | 20 5 7 9 
Tees), 3 1.50 | 16 4 6 8 
el el el ee lie) | BG 
4 ; : 2 
13 | 11-16 26 |. 0:70 7.6 MG 434 6. 
19 % | 2 0.57 5:8 13 4 5 
20 9-16] 1 0.41 41 1 34 4 
21 1 0.31 | 2.83 %4 254 4 
29 16] 19 0.2 2:13 64 34 314 
23 14 | 0.21 | 1:65 Mie Breas 
24 16] 1 O16" | rap eT: 2 2 
a 9-32) % | 0.12 | 1.03 ee a 1% 204 
‘' 
CAST STEEL, 
Teal Bie 4% | 3.37 | 62 12 13 
12 is 49 | 277 | 52 | 10 12 a 
13 | 1 4 2.28 | 44 9 11 4, 
4 | 1% 3 1.82. | 36 Ms 10 6 
ely 3 1.50 | 30 6 A 
Bh Wel ay ods |empe aged kL 
A . 
pl ae et) be TH Te | be | be 
2 ‘ 
Brel sg | onal 8 1%4 454 3 
a | % ig | 0°31 6 4 4 we 
22 7-16] 1% | 0.28 4Y6 14 3 oh, 
3 | % 14 | o-2t 4 1 3 2 
24 5-16 0.16 3 34 294 134 
25 9-32} | 0.12 2 ig 214 2 


Plough-Steel Rope. 


Wire ropes of very high tensile strength, which are ordinarily called 
**Plough-steel Ropes,’”’ are made of a high grade of crucible steel, which, 
when put in the form of wire, will bear a strain of from 100 to 150 tons per 

uare inch. 

here it is necessary to use very long or very heavy ropes, a reduction of 
the dead weight of ropes becomes a matter of serious consideration. 
__ It is advisable to reduce all bends to a minimum, and to use somewhat 
larger drums or sheaves than are suitable for an ordinary crucible rope hay_ 
ing a mr rir ok of 60 to 80 tons per square inch, Before using Plough-stee 
Ropes it is best to have advice on the subject of adaptability. 
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Plough-Steel Rope, 
With 6 strands of 19 wires each. 


. Breaking Min, Size of 
Trade | Diameter in ib onrt eal Strain in |Proper Work-| Drum or 
Number. inches. ound tons of ing Load, Sheave in 
P * | 2000 Ibs. i feet. 
i 24 8.00 240 46 9 
2 2 6.30 189 37 8 
3 1 5.25 157 31 var 
4 a 4.10 123 25 6 
5 1 3.65 110 22 4; 
54 1 3.00 90 18 544 
6 1 2.50 % 15 5 
7 1 2.00 60 12 44 
8 1 1.58 47 9 414 
9 y 1.20 37 re 384 
i ce | & | & | # 
10 9-16 0.44 13 2 26 
ig ¥% 0.39 10 34 2 


With 7 Wires to the Strand, 


15 1 1.50 45 9 5 
16 % 112 33 614 5 
17 34 0.92 25 5 4 
18 11-16 0.70 21 4 3g 
19 54 0.57 16 334 3 
20 9-16 0.41 12 9 234 
21 % 0.31 9 1¥ 2g 
22 716 0.23 5 1% 2 
23 3% 0.21 4 1 1% 
a) ee EU BE a ee a es BL Re 


Galvanized Iron Wire Rope. 
For Ships’ Rigging and Guys for Derricks. 
CHARCOAL ROPE 


1 Rae Cir, of press: Weight Cir. of | Break- 
2 e new ng ; new ing 
be cum- loer Fath-] Manila | Strain Pit ccad Fathom Manila | Strain 
inieonos om in | Rope of |in tons} 57 Hace in. | Rope of | in tons 
ehes.! pounds. |. equal | of 2000 ounds,|..caual_ | of 2000 
Strength.|/pounds J Pp *|Strength.|pounds 
5: 26) 11 43 5144 5 , 
ae eB] Re | ky 
434 21 914 83 134 2g 4 
Pe 9 9 30 ] 
4 16 814 26 1% 4 te) 


SEE" 

28% 

ogse 

is 
PIE 
ERSTE 
ama SRE” 
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Galvanized Cast-steel Yacht Bigging. 


wreiche Cir. of Bunks “ Weight Cir, of | Break- 
; o eig'! new ng ‘ # new in, 
ee per Fath-) Manilla | Strain} Giveum-}_ per | yaniia Strain 


‘in inches,| ©™in_ | Rope of |in tons parece ethos Rope of | in tons 


pounds. | equal | of 2000 in equal | of 2000 
Strength./pounds pounds. Strength, pounds 
4 14% 138 66 2 14 
34 084 11 43 1 244 ue 10 
8 Me 32 1 2 484 8 
234 634 8 27 1 1% 4i4 6 
5: 8 22 134 1% 354 5: 
| 4 ? 18 1 % 3 8h 
Steel Hawsers, 
a For Mooring, Sea, and Lake Towing. 
rf Size of Size of 
‘Circumfer-| Breaking |Manilla Haw- Circumfer-| Breaking |Manilla Haw- 
ence, Strength. | ser of sored ence, Strength, | ser of equal 
Strength. Strength. 
, en tO Inher ingot ee Inches 
284 18 % 4 35 10 
3 22 84 


Steel Flat Ropes, 

; (J. A. Roebling’s Sons Co.) 

Steel-wire Flat Ropes are composed of a number of strands, alternately 
“wisted to the right and left, laid alongside of each other, and sewed together 
with soft iron wires, These ropes are used at times in place of round ropes 
~p the shafts of mines. They wind upon themselves on a narrow winding- 
“rum, which takes up less room than one necessary fora round rope. The 
“oft-iron sewing-wires wear out sooner than the steel strands, and then it 
ecomes necessary to sew the rope with new iron wires, 


Width and|Weight per +, | Width and |Weight per i 
Whickness | foot in | Strength in | mickness foot in’ | Strength in 


in inches. | pounds, pounds. in inches. | pounds, pounds. 
Se ek ees 
34x22 1.19 35,700 x3 2,38 71,400 
xe 1.86 55.800 x34 2.97 89, 
~ 6x3 2.00 60,000 x4 3.30 99,000 
| 8x 3l¢ 2.50 75,000 x46 4.00 ,000 
: x4 2.86 85,800 x5 4.27 128,000 
x46 3.12 93,600 xb 4.82 ,600 
x5 3.40 100,000 x6 5.10 153,000 
x BLS 3.90 110,000 x7 5.90 177,000 


__For safe working load allow from one fifth to one seventh of the breaking 
SS, 


und desirable under certain conditions and for certain purposes, mostl 
t haulage plants, inclined planes, and street railway cables, although it 
"as also been used for vertical hoists in mnines, ete, Its advantages are that 


230 MATHRIALS. 


GALVANIZED STEEL CABLES. 
For Suspension Bridges. (Rvebling’s.) 


~ 


etait At 2 Warr Bee ONC Dice ieee. NR a CME) 
3 = Pa r= | : a e 
Ne le lilk |e lile [3 
S Bs ~ a4 g ” | £8 a 
gS | ay g | ae o g | ay 3 
° - oO. fH " Cee & 
fe Lag fa Sau 3 te Qou 
8 3g0 3 £ ast 5 2 savy a=] 
A g38 "bp 2 | £88 c) 2 | Bs e 
Ss S @| 5s 3 a 
By B°Fl Bal peer Ee foe | Bese 
254 220 13 214 155 8.64 134 95 5.6 
2 200 11.8 2 110 6.5 1 75 4.35 
Q 180 10 1% | 100 5.8 144 65 3.7 


COMPARATIVE STRENGTHS OF FLEXIBLE GAL- 
VANIZED STEEL-WIRE HAWSERS, 


With Chain Cable, Tarred Russian Hemp, and White 
Manila Ropes. ; 


nn A ee, WA Sse RTs og Te SE ee a Se 


Hm C9 CD CD. DD VD BD VS bad bak at pt © i 
SX SSX SSS | Size, Circumference. 


Patent Flexible Tarred Rus- White 
Steel-wire Hawsers Chain Cable, sian Hemp Manilla 
and Cables. Rope. Ropes. 
; | Ww Om. : * 5 . > Hae 
& {ees ' a g 4g 
g|2 |g28 s§ g | 8 els] (sis 
4 s P>Feu) 3 2 = Coie Wee) 4 a 
i ag ane nse 3 B=} c i da a | 
B) Ag jos =) Pes eee & | 3 & | 3 
8/38 |oas b| ¢3 s 5 |e Ble 
a) o. |. eS a) §& n a, | 2 2, | 2 
a|ae8 /Cde a oy Dai gq |e a | 
‘oo | RH |S ; 7) ee) ad . | Bo | ¥ . | eo | M 
rt ar oo =I rol s o a Cy oO = 3 
@| 32 gf fal eiade Ss [Sleleisiei3 
ie) (=) n Aa rea} Rn AQ | 2 fc 
34| 134] 6 234 144] 244) 124) 2 
1 2144| 7%] % 14| 4% 6 816] 3 3 | 184) 234 
1%4| 4 4°| 9461 384] 34] 2 | Be 
2 516 | 1016 9-16] 17] 534 34 5 6| 5)4 ),8 |5 
234| 7 12 5341 8] 715 | 436) 784 
334) 9 1346 10-16} 21) 7 94 4) 10 | 9} 534 1084 
44) 12 15 76] 13 11116 614 Mi ad 
546) 15 16% 11-16] 25) 8 1294 816] 16 | 14 | 7 | 884/15» 
ilo (a I 18 12-16] 30}10 15 9 | 19 |1614) 736}1036/18) 
8 | 22 1914 18-16) 35}117 17 8-10]10 | 23 | 20-| 8tej13 [2284 
9 | 26 21 15-16) 48/15 8-10 | 28 7-10]|11 28 |2416) 9 [1446/25 
12 | 33 24 1 54/18 27 12 | 33 | 29 }10 |18 81 
446/15 | 39 27 1% 68) 2984 344g 18 | 89 | 84 [11 [22 138 
5/2344] 64 30 1 17-32/112/87 55 15 56 | 50 |1284|/2934/51 
54/28 | 74 33 154 143/47 66: 17 | 67 | 60 }1346|3534|62 
6 |33 | §8 36 134 166|55: 774 19 | 84 | 72 15 [42  |78hq 
646)387  |102 39 1 15-16/204/6' 21 106°) 89 
7 (\41 |116 42 2 1-16/231|76 107 1-10]23 128 |106 
T4\47 1130 45 2 3-16/256/86 120% |24 134 |115 
8 53 |150 48 2 5-16/280/9614 13434 |25 146 |125 


Norr.—This is an old table, and its authority is uncertain. The figures in 
the fourth column are probably much too small for durability, 


‘ders should state the use of the rope, and advice wil 


WIRE ROPES. 231 


{+ is somewhat more flexible than rope of the same diameter and composed 
of the same number of wires laid up in the ordinary manner; and (especi~ 
ally) that owing to the fact that the wires are iaid more axially. in the rope, 
longer surfaces of the wire are exposed to wear, and the endurance of the 
rope is thereby increased, (Trenton Iron Co.) 


Notes on the Use of Wire Rope. 
(J. A. Roebling’s Sons Co.) 

Several kinds of wire rope are manufactured. The most pliable variety 
contains nineteen wires in the strand, and is generally used for hoisting and 
running rope. The ropes with twelve wires and seven wires in the strand 
are stiffer, and are better adapted for standing rope, guys. andrigging. Or- 

ill be given. Ropes are 
made up to three inches in diameter, upon application. 

For safe working load, allow one fifth to one seventh of the ultimate 
strength, according to speed, so as to get good wear from the rope. When 
substituting wire rope for hemp rope, it is good economy to allow for the 
Rr the same weight per foot which experience has approved: for the 

atter. : 

Wire rope is as pliable as new hemp rope of the same strength; the for- 
mer will therefore run over the same-sized sheaves and pulleys as the latter. 
But the greater the diameter of the sheaves, pulleys, or drunis, the longer 
wire rope will last. The minimum size of drum is given in the table. 

Experience has demonstrated that the wear increases with the speed. It 
is, therefore, better to increase the load than the speed. : 

Wire rope is manufactured either with a wire or a hemp centre. The lat- 
ter is more pliable than the former, and will wear better where there is 
short bending, Orders should specify what kind of centre is wanted. 

Wire rope must not be coiled or wncoiled like hemp rope. 

When mounted on a reel, the latter should be mounted on a spindle or flat 
turn-table to pay off the rope. When forwarded in a small coil, without reel. 
roll it over the ground like a wheel, and run off the rope in that way. All 
untwisting or kinking must be avoided. 

To preserve wire rope, apply raw linseed-oil with a piece of sheepskin, 
wool inside; or mix the oil with equal parts of Spanish brown or lamp-black. 

To preserve wire rope under water or under ground, take mineral or vege- 
table tar, and add one bushel of fresh-slacked lime to one barrel of tar, 
which will nentralize the acid. Boil it well, and saturate the rope with the 
hot tar. To give the mixture body, add some sawdust. 

The grooves of cast-iron pulleys and sheaves should be filled with well- 
seasoned blocks of hard wood, set on end, to be renewed when worn out. 
This end-wood will save wear and increase adhesion. The smaller pulleys 
or rollers which support the ropes on inclined planes should be constructed 
on the same plan. When large sheaves run with very great velocity, the 

rooves should be lined with leather, set on end, or with India rubber. This 
fs done in the case of sheaves used in the transmission of power betweet’ 
distant points by means of rope, which frequently runs at the rate of 4000 
feet per minute. 

Steel ropes are taking the place of iron ropes, where it is a special object 
to combine lightness with strength. 4 

But in substituting a steel rope for an iron running rope, the object in view 
should be to gain an increased wear from the rope rather than to reduce the 


size. 

% Locked Wire Rope. 

Fig, 74 shows what is known as the Patent Locked Wire Rope, made by 
the Trenton Iron Co. It is claimed to wear two to three times as long as an 


Fie. 74. 


ordinary wire rope of equal diameter and of like material. Sizes made are 
trom ¥% to 14 inches diameter. 
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CRANE CHAINS, 
(Bradlee & Co., Philadelphia.) 


*D. B. G.”’ Special Crane. Crane 
2 9 o |3 bo 3 
: 3 cae ater eae a $ 
r| § 3 s|3 ks BS |a¢g |i | a Ags 
a. | #8 |eee| = $4 | 38 lebul a] oo3 |oee 
OS) fs |esa| Fs | as | Bs felel as Aas | seg 
ed aS 2a. Ce wn = [ma 9 Hs $5 R's 
Sg] B= | 23h] so | 85 | og |>88/ 38 | of8 | pee 
en} A=) Sac 8 of ea Bae) 2a) fae} eos 
EY Qo) BoB: Aa cB jem |e | 8 aS 
n = o gs] O Ets 3 b 3 
aL Nr Ne ee oc One eR Me Wake 9 = le 
4 25-32 % Y 1932 8864 1288} 1680 8360 1120 
5-16} 27-32 11-16 2898 5796 1932] 2520 5040 1680 
# 31-32] 17-10] 114 4186 8372 | 2790] 3640) 7280 | 2427 
16} 1 5-32 5796 11592 3864} 5040} 10080 3360 
111-382} 2 111-16} 7728 15456 5182) 6720! 13440 | 4480 
9-16] 1 15-82} 8-10 4% 9660 19320 6440} 84 16800 5600 
1 23-32 21-16 | 11914 23828 7942) 10860] 20720 6907 
11-16] 1 27-82 24% 14490 28980 9660} 12600] 25200 8400 
1 81-82] 5% 72388 84776 | 11592) 15120) 30240 | 16080 
13-16) 2 3-32 6 7-10 | 211-16} 20286 40572 | 13524) 17640} 385280 | 11760 
y 2 7-32 Y 22484 44968 | 14989] 20440} 40880 | 13627 
15-16] 2 15-32 31-16 | 25872 51744 | 17248] 23520} 47040 | 15680 
2 19-32 | 10 7-10 14 9568 59136 | 19712] 26880} 53760 | 17920 
1 1-16] 2 23-82} 112-10| 85-16 | 33264 66538 | 22176] 30240} 60480 | 20160 
4 2 27-82 | 12: 24 37576 75152 | 25050! 84160] 68320 | 22773 
1 3-16) 35-82 | 137-10 306 41888 83776 | 27925) 38080} 76160 | 25387 
14 87-82 | 16 46200 92400 | 380800} 42000} 84000 | 28000 
1 5-16) 3 15-82 | 16 50512 | 101024 | 33674] 45920} 91840 | 30613 
196 18 4-10 | 49-16 | 55748 | 111496 | 87165] 50680] 101360 | 33787 
1 7-16) 325-82 | 19 7-10 | 4 4, 60368 | 120736 | 40245] 54880) 109760 | 36587 
8 31-32 | 217-10] 5 66528 | 133055 | 44352] 60480} 120960 | 40320 


The distance from centre of one link to centre of next is equal to the in- 
side length of link, but in practice 1/32 inch is allowed for weld. This is ap- 
proximate, and where exactness is required, chain should be made so. 

For Onan SHEAvES.—The diameter, if possible, should be not less than 
twenty times the diameter of chain used. 

ExamMeLe.—For 1-inch chain use 20-inch sheaves. 


WEIGHTS OF LOGS, LUMBER, ETC. 
Weight of Green Logs to Scale 1,000 Feet, Board Measure, 


Yellow pine (Southern)... .. 8,000 to 10,000 Ibs, 
"Norway pine (Michigan). ie 7,000 to 8,000 * § 
White pine (Michigan) | 07° stump. anes S000 , 
5,000 to 6,000 * 


i) 


Hemlock (Pennsylvania), bark off........ caer ome 6,000 to 7,000 


Weight of 1,000 Feet of Lumber, Board Measure, 


Yellow or Norway pine....-.......-.0055 Dry, 3,000 lbs, Green, 5,000 Ibs, 
White pings: acsgsauqcme cone. dense Bog 2,000. o°° tee 2.0008 
Weight of 1 Cord of Set hp a Sa 128 Cubic Feet per ! 
or 

Hickory or sugar maple...........-.. hen, cateie, eat A i ie 4,500 Ibs. 
Whiteioak osc. demctcaces, cuckedereen seek foc Saespeke eet Caeiiron 4 00, <6 
Beech, red oak or black oak.... ede cinse eveie Vensieceeisewnua 3,200 56 
Poplar, chestnut or elm c eKekiyooieiwal deececereccerene 2,350 
Pine (white or Norway)........+. soee cetecscevessesvees 2,000. Sf 


Homlocki barkyidiysccccussicssocctise bacecees ce nceccece cveren vote 2,200 
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SIZES OF FIRE-BRICK,. 


9-inch straight............ 9x4 inches. 
Boapee ia. escee esceseeaces eee oe 
Jamb MMGHecKersieieccsssaccn est - 9x3 he a 
/) RiNCh..  ....esccecseceeee IX4GX2 cs 
oa aware a es 
No, 2 eey. eens wa aerioite aap 9x2 bait as x 16 to4inches 
: 118 bricks to WEE 12 feet inside diam. . 
Nope key: sae ces: ehesk oa x 244 thick x 414 to 344 
inches wide. 
68 bricks to eels 6 ft. inside diam. 


No, 3key......... aaeae stan x 2% thick x 4% to 3 

inches wide. 

88 bricks to circle 3 ft. inside diam. 
9x26 thick x 444 to 24 


25 bricks to circle 14% ft. inside diam. 
1 wedge (or bullhead). 9x 414 wide x 2}4 to 2 in. 
thick, peperhy lengthwise. 
bricks to ee 5 ls inside diam, 
No. 2: wedge. .....-2...0-- 9x Veta to 11 in. thick. 
60 brieks to circle ® 2% ft. inside diam, 
Noy Parotiises che ied. 2h). 9x 416x216 to 2 in. thick, 
tapering breadthwise. 
72 bricks to circle 4 ft. inside diam. 


NO, 2)arehiy vo. dep eege Vee 9x 416 x 2% tol 
42 bricks to circle 2 ft. inside diam, 
mpi ate mss inn 9 to 7 x 44 to 214. 
Bevel on one end. 
eee gias Kade Sti ¢ 9x2 to 244. 
Equal bevel on both « Sates 
Shite oda sides Meee 9 x 216 x 44 to 114. 


Taper on one oor 


24-inch circle... ....-..+... 84 yee 1gx4exy. - 
ae pares curved, 9 bricks line a Aion a 
inch circ e. EP aere Ma 8 x 414 x 2. 
3 bricks line a pg tithes ceirele. 
48-inch circles ijn david ede Seah 834 to 714 x 416 x 24, 
17 bricks line a Aindh circle, 
13l4-inch straight......... 13% x 2144 x 6. 
1314-inch key No.1... .... 1814 x 214 x 6 to 5 inch, 
No.3 Skew 90 bricks pum a 12-ft. circle. 
1344-inch iy ay 20. 1814 x 246 x 6 to 43¢ inch, 
Va 2 br ieks turn a 6-ft. circle. 
Bridge wall, No. iz ..13 x 614 x6. 
Ce wall, No. 2....0.-- TAB X 614 x 3. 
36'in. Circle Mill tile 3 .--18, 20, or 24x 6x3. 
3k Stock- hole ‘tiles. .18, 20, or 24x9x4, 
18-inch block. -18x 9x6, 
6% . Flat back.... » 9x6x2h4. 
Flat back arch..........+ « 9x 6x86 to 24. ‘ 
ype. 22- radius, 56 bricks-to circle, | 
Locomotive tile .......... 82x10«3. 
384x10x3, 
34x 8x3 
36x 8x3. 
40x 10x3. 


4 Tiles, slabs, and blocks, various sizes 12 to 30 inches 
Jong, 8'to 30 inches wide, 2 to 6 inches thick, 

_Cupola brick, 4 and 6 inches high, 4 and 6 inches radial width, to line shells 
| 23 to 66 in diameter, 
| A9-inch straight brick weighs 7 Ibs. and contains 100 cubic inches. (=120 
_ tbs. per cubic foot. Specific gravity 1 1.98.) 

One cubic foot of wall requires 17 9-inch bricks, one cubic yard requires 
“i Where keys, wedges, and other “ shapes” are used, add 10 per cent in 

timating the number required. 
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One ton of fire-clay should be sufficient to lay 3000 ordinary bricks. Ta 
secure the best results, fire-bricks should be laid inthe same clay from which 
they are manufactured. It should be used as a thin paste, and not as mor- 
tar. The thinner the joint the better the furnace wall. In ordering bricks 
the service for which they are required should be stated. 


NUMBER OF FIRE-BRICK REQUIRED FOR 
VARIOUS CIRCLES. 


i KEY BRICKS. ARCH BRICKS. | WEDGE BRICKS. 

EWS . 

A°s sjalaluldlela gd lala 2d 
Sip Shs prisrle-[edypc | = .|5.]6-}26-°8 5 
21Z/42/2/8 [42/4/38 | 8 |4]/4a]/ ea] 6 

ft. in. 

Oa) Ce a ae ioe S53. 

2 0| 17} i3 pe Vacs (eh ee eal RR (IF 

26] 9) 25 18 : 

3.0 |....| 38 36 : 

3 6}... | 32 | 10 54 40 |: 

4.0 ]-...| 5 | 21 | 2 59 |: 

4 6|....) 19 | 32 72 79 |. 

5 0 |....| 13 | 42 72 98 |. 

5 61...) 6| 53 ie 98 

an ee pee 6 :| 72 98 

6 6h...|,4.])581 9 12 98 

ea Ds (eae 52] 19 m2 98 

@) Giteccsbeecs 47| 29 2 98 

fies ak aaa 421 38 | 2 98 

8 6|....| -..| 37] 47 | 72 -| 98 

TEN iia Bae 31] 57 =| 72 -| 98 

9 6]... }..-:) 26) 66 -| 2 -| 98 

40:0 Near ce 21) 76 ‘| 2 | 98 

10 6 J...) 16] 8 ‘| 72 -| 98 

AD Biloccs teak 11| 94 2 98 

Te (ee Be 5| 104 “| 72 -| 98 

2 DY a Aesop oss 113 13 -| 98 

cre te ee PN are FET S| a Be 


For larger circles than 12 feet use 113 No. 1 Key, and as many 9-inch brick 
as may be needed in addition. 


ANALYSES OF MT. SAVAGE FIRE-CLAY. 
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MAGNESIA BRICKS. 


= ‘oreign Abstracts * of the Institution of Civil Engineers, 1993, gives a 
paper by C. Bischof on the production of magnesia bricks. The material 
most in favor at present is the magnesite of Styria, which, although less 


pure considered ia than the Greek, has the 
of fritting at a melting. The composition of the 
two substances, in the natural and burnt states, is as follows: 
Styri Greet 
Carbonate of magnesia. 90.0 to 96.0 94.462 
% lime O05to 2.0 449 
= - 3.0to 60 FeO 0.08 
et eme Pe: oe 0.52 
Manganous oxide --...---...- 05 Water 0.54 
Burnt 3 i 
Magnesia.......-.------+ Somes itt «-- T76 
SR on oo wenn saae sem c 73 03-0. 
Alpmins and ferric oxide..... - 13.0 0.56— 
a 12 0.72— 7.98 
laren ag yack bles lime i re ree atcear me 
resem! in recar- 
taceeatedl whom sxpceed to the a0 a ri icity, so that 
it ean be when subjected to a heavy pressure. long-continued 
ors heating the iving a form of mag- 
nesia of high density. Sp. gr. as compared with 3.0 in the ie form, 
which S in the air but devoid of icity. mixture of two 


water, soda, silica, vinegar as a lution of magnesium acetate which is 
readily decomposed by heat, and carbolates of alkalies or lime. Among 
magnesium compounds a weak solution of magnesium chloride may also be 
used. For settin: the bricks lightly burnt, caustic magnesia, with a small 
i of silica it less refractory, is recommended. The 
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STRENGTH OF MATERIALS. 


Stress and Strain.—There is much confusion among writers on 
Strength of materials as to the definition of these terms. An external force 
applied to a body, so as to Pal it apart, is resisted by an internal force, or 
resistance, and the action of these forces causes a displacement of the mole. 
cules, or deformation. By some writers the external force is called a stress, 
and the internal force a strain; others call the external force a strain, and 
the internal force a stress: this confusion of terms is not of importance, as 
the words stress and strain are quite commonly used Synonymously, but the 
use of the word strain to mean molecular displacement, deformation, or dis- 
tortion, as is the custom of some, is a corruption of the language. See En- 

5 pine ha News, June 23, 1892, Definitions by leading authorities are given 
below. 

Stress,—A stress is a force which acts in the interior of a body, and re= 
sists the external forces which tend to change its shape. A deformation is 
the amount of change of shape of a body caused by the stress. The word 
strain is often used as synonymous with stress and sometimes it is also used 
to designate the deformation. (Merriman.) 

The force by which the molecules of a body resist a strain at any point is 
called the stress at that point. 

The summation of the displacements of the molecules of a body for a 
given point is called the distortion or strain at the point considered. ‘(Burr), 

Stresses are the forces which are upp liee to bodies to bring into action 
their elastic and cohesive properties. These forces cause alterations of the 
forms of the bodies upon which they act. Strain is a name given to the 
kind of alteration produced by the stresses. The distinction between stress 
and strain is not always observed, one being used for the other. (Wood.) 

Stresses are of different kinds, viz.: tensile, compressive, transverse, tor- 
sional, and shearing stresses. 

A tensile stress, or pull, is a force tending to elongate a piece. A com- 
presstve stress, or push, is a force tending to shorten it. A transverse stress 
tends to bend it. A torsional stress tends to twist it. A shearing stress 
tends to force one part of it to slide over the adjacent part. 

Tensile, compressive, and shearing stresses are called simple stresses, 
Transverse stress is compounded of tensile and compressive stresses, and 


stead of simultaneously, as in the simple stresses. 

Effects of Stresses,—The following general laws for cases of simple 
tension or compression have been established by experiment. (Merriman); 

1, When a small stress is a plied to a body, a small deformation is pro- 
duced, and on the removal of the stress the body springs back to its original 
ror For small stresses, then, materials may be regarded as perfectly 
elastic. 

2. Under small stresses the deformations are approximately proportional 
to the forces or stresses which produce them, and: also approximately pro- 
portional to the length of the bar or body. 

8. When the stress is great enough a deformation is produced which is 
partly permanent, that is, the body does not spring back entirely to its 
riginal form on removal of the stress. This permanent part is termed a 
set. In such cases the deformations are not proportional to the stress. 

4. When the stress is greater still the deformation rapidly increases and 
the body finally ruptures, 

5, A sudden stress, or shock, is more injurious than a steady stress or than 
a stress gradually applied. 

Elastic Limit,—The elastic limit is defined as that point at which tha 
deformations cease to be proportional to the stresses, or, the point at which 
the rate of stretch (or other deformation) begins to increase, _ It is also 
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the whole load after each increase of load, which is frequently inconvenient, 
The elastic limit, defined, however, as the point at which the extensions be- 
gin to increase at a higher ratio than the applied stresses, usually corresponds 
very nearly with the point of first measurable permanent set. 

Apparent Elastic Limit.—Prof. J. B. Johnson (Materials of Con- 
struction, p. 19) defines the “ apparent elastic limit” as “the point on the 

Stress diagram [a plotted diagram in which the ordinates represent loads 
and the abscissas the correspondin 
formation is 50% greater than it is a 
equivalent definition, 
modulus of extensio de 


For steel, witha 
this is equivalent to that one at which 
8-inch specimen for 1000 Ibs. per sq. in. 


Vield=-point.—The term yield-point has recentiy been introduced into, 
he literature of the strength of materials, It is defined as that point at 
hich the rate of stretch suddenly increases rapidly. The difference be- 
ween the elastic limit, erie defined as the point at which the rate of 
stretch begins to increase, and the yield-point, at which the rate increases 
\idenly, may in some cases be considerable. This difference, however, will 
t be idoayared in short test-pieces unless the readings of elongations are 


made by av exceedingly fine instrument, as a micrometer reading to ele 


10006 
of aninch. In using a coarser instrument, such as calipers reading to 1/100 
f an inch, the elastic limit and the 

us. Unfortunately for precision o: 
introduced until lon ost univer- 


ly pooped fined by the 
@ nge in rate, 
(more or less 
reat enough to 
termining the 
in short speci- 

by screws is 
eam “ drops.”? 


us 


ga 
rotation of the screws, 
pended. This point correspo: 


int. 
Coefficient (or Modulus 


} of Elasticity.—This is a term express- 


il and the load producing that extension or compression, 
ft. A eonned as the load per unit of section divided by the extension per 
of length. = 
et P be the applied load, k the sectional area of the piece, J the length of 
part extended, A the amount of the extension, and # the coefficient of 
icity. Then P + = the load ona unit of section; A +1 = the elonga- 
a Of a unit of length, 

P speed! 


Pi 

= = —, 

aa We) 234 
he coefiicient of elasticity is sometimes defined as the figure egpressin 
6 load which would be necessary to ar reens a piece of one square inc 
ction to double its original length, provide the piece would not break, and 
Sratio of extension to the force producing it remained constant. This 

jon follows from the formula above given, thus: If k= one square 
,/ and 4 each = one inch, then # = P. ‘ a 
n the elastic limit, when the deformations are Proportional} to the 


the relation between the amount of extension or compression of a mate- © 
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stresses, tho coefficient of elasticity is constant, but beyond the elastic limit 
it decreases rapidly. 

In cast iron there is generally no apparent limit of elasticity, the deforma- 
tions increasing at afaster rate than the stresses, and a permanent set being 
produced by small loads. The coefficient of elasticity therefore is not con- 
stant during any portion of a test, but grows smaller as the load increases. 
The same is true in the ease of timber. In wrought iron and steel, however, 
there is a well-defined elastic limit, and the coefficient of elasticity within 
that limit is nearly constant, 

Resilience, or Work of Resistance of a Material.—Within 
the elastic limit; the resistance increasing uniformly from zero stress to the 
stress at the elastic limit, the work done by a load applied gradually is equal- 
to one half the product of the final stress by the extension or other deforma- 
tion. Beyond the elastic limit, the extensions increasing more rapidly than 
the loads, and the strain diagram approximating a parabolic form, the work 
is approximately equal to two thirds the product of the maximum stress by 
the extension. 

The amount of work required to break a bar, measured usually in inch- 

ounds, is called its resilience; the work required to strain it to the elastic 
fimit is called its elastic resilience, (See page 270.) 

Under a load applied suddenly the momentary elastic distortion is equal 
to twice that caused by the same load applied gradually. 

When a solid material is exposed to percussive stress, as when a weight 
falls upon a beam transversely, the work of resistance is measured by the 
product of the weight into the total fall. 

Elevation of Ultimate Besistance and Elastic Limit,—it 
was first observed by Prof. R, H. Thurston, and Commander L. A. Beards- 
lee, U.S. N., independently, in 1878, that if wrought iron be subjected to a 
stress beyond its elastic limit, but not beyond its ultimate resistance, and 
then allowed to “rest” for a definite interval of time, a considerable in- 
crease of elastic limit and ultimate resistance may be experienced. In other 
words, the application of stress and subsequent “ rest ” increases the resist- 
ance of wrought iron, 

This “rest” may be an entire release from stress or a simple holding the 
test-piece at a given intensity of stress. 

Commander Beardslee prepared twelve specimens and subjected them to 
an intensity of stress equal to the ultimate resistance of the material, with- 
out breaking the specimens. These were then allowed to rest, entirely free 
from stress, from 24 to 30 hours, after which period they were again stressed 
until broken. The gain in ultimate resistance by the rest was found to vary 
from 4,4 to 17 percent. _ 

This elevation of elastic and ultimate resistance appears to be peculiar to 
iron and steel: it has not been found in other metals. 

Relation of the Elastic Limit to Endurance under KRe= 
peated Stresses (condensed from Hngineering, August % 1891).— 
When engineers first began to test materials, it was soon recognized that 
if a specimen was loaded beyond a certain point it did not recover its origi- 
nal dimensions on removing the load, but took a permanent set; this point 
was called the elastic limit. Since below this pointa bar appeared to recover 
completely its original form and dimensions on removing the load, it ap- 

eared obvious that it had not been injured by the load, and hence the work~ 
in ane might be deduced from the elastic limit by using a small factor of 
safety. 

Experience showed, however, that in many cases a bar would not carry 
safely a stress anywhere near the elastic limit of the material as determined 
by these experiments, and the whole theory of any connection between the 
elastic limit of a bar and its working load became almost discredited, and 
engineers employed the ultimate strength only in deducing the safe working 
load to which their structures might besubjected. Still, as experience accue 
mulated it was observed that a higher factor of safety was required for a live 
load than for a dead one. 

In 1871 Wohler published the results of a number of experiments on bars" 
of iron and steel subjected to live loads. In these experiments the stresses 
were put on and removed from the specimens without impact, but it was, 
nevertheless, found that the breaking stress of the materials was in every 
case much below the statical breaking load, Thus, a bar of Krupp’s axle 
steel having a tenacity of 49 tons per square inch broke with a stress of 28.6 
tons per square inch, when the load was completely removed and replaced 
without impact 170,000 times. These experiments were made on a large 
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» number of different brands of iron and steel, and the results were concor- 
dant in showing that a bar would break with an alternating stress of only, 
say, one third the statical breaking strength of the material, if the repetitions 
of stress were sufficiently numerous. At the same time, however, it ap- 
peared from the general trend of the experiments that a bar would stand an 

- indefinite number of alternations of stress, provided the stress was kept 
below the limit. 

Prof. Bauschinger defines the elastic limit as the point at which stress 

ceases to be sensibly proportional to strain, the latter being measured with 


* ‘ Hye 1 
a mirror apparatus reading to 50002 of a millimetre, or about T7000 in, 


This limit is always below the yield-point, and may on occasion bezero. On 
loading a bar above the yield-point, this point rises with the stress, and the 
rise continues for weeks, months, and possibly for years if the bar is left at 
rest under its load. Onthe other hand, when a bar is loaded beyond its true 
elastic limit, but below its yield-point, this limit rises, but reaches a maxi- 
mum as the yield-point, is approached, and then falls rapidly, reaching even 
to zero. On leaving the bar at rest under a stress exceeding that of its 
primitive breaking-down point the elastic limit begins to rise again, and 
may, if left a sufficient time, rise to a point much exceeding its previous 
value. 

This property of the elastic limit of changing with the history of a bar has 
flone more to discredit it than anything else, nevertheless it now seems as if 
it, owing to this very property, were once more to take its former place in 
the estimation of engineers, and this time with fixity of tenure. It had long 
been known that the limit of elasticity might be raised, as we have said, to 
almost any point within the breaking load of a bar. Thus, in some experi- 
ments by Professor Styffe, the elastic limit of a puddled-steel bar was raised 
16,000 Ibs. by subjecting the bar to a load exceeding its primitive clastic 
limit. 

‘A bar has two limits of elasticity, one for tension and one for compression. 

_ Bauschinger loaded a number of bars in tension until stress ceased to be 
sensibly proportional to strain. The load was then removed and the bar 
tested in compression until the elastic limit in this direction had been ex- 
eceeded. This process raises the elastic limit in compression, as would be 
found on testing the bar in compression a second time. In place of this, 
however, it was now again tested in tension, when it was found that the 
artificial raising of the limit in compression had lowered that in tension be- 
low its previous value. By repeating the process of alternately testing in 
tension and compression, the two limits took up points at equal distances 
from the line of no load, both in tension and compression. These limits 
Bauschinger calls natural elastic limits of the bar, which for wrought iron 
correspond to a stress of about 814 tons per square inch, but thisis practically 
the limiting load to which a bar of the same material can be sited alter- 
nately in tension and compression, without breaking when the loading is 
repeated sufficiently often, as determined by Wéhler’s method. 

‘As received from the rolls the elastic limit of the bar in tension is above 
the natural elastic limit of the bar as defined by Bauschinger, having been 
artificially raised by the deformations to which it has been subjected in the 
process of manufacture. Hence, when subjected to alternating stresses, 
the limit in tension is immediately lowered, while that in compression is* 
raised until they both correspond to equal loads. Hence, in Wohler’s ex- 

eriments, in which the bars broke at loads nominally below the elastic 
imits of the material, there is every reason for concluding that the loads 
were really greater than true elastic limits of the material. This is con- 
firmed by tests on the connecting-rods of engines, which of course work 
under alternating stresses of equal intensity. Careful experiments on old 
rods show that the elastic limit in compression is the same as that in ten- 
sion, and that both are far below the tension elastic limit of the material as 
received from the rolls. 

The common opinion that straining a metal beyond its elastic limit injures 
it appears to be untrue. It is not the mere straining of a metal beyond one 

* elastic limit that injures it, but the straining, many times repester beyond 
its two elastic limits. Sir Benjamin Baker has shown that in bending a shell 
plate for a boiler the metal is of necessity strained beyond its elastic limit, 
so that stresses of as much as 7 tons to 15 tons per square inch may obtain 
in it as it comes from the rolls, and unless the plate is annealed, these 
stresses will still exist after it has been built into the boiler. In such a case, 
however, when exposed to the additional stress due to the pressure inside 
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the boiler, the overstrained portions of the plate will relieve themselves by 
stretching and taking a permanent set, so that ErChably after a year’s work- 
ing very little difference could be detected in the stresses in a plate built in- 
to the boiler as it came from the bending rolls, and in one which had been 
annealed, before riveting into place, and the first, in spite of its having been 
strained beyond its elastic limits, and not subsequently annealed, would be 
as strong as the other, 


Resistance of Metals to Repeated Shocks, 

More than twelve years were spent by Wohler at the instance of the Prus- 
sian Government in og arab hate ie the resistance of iron and steel to 
repeated stresses, The results of his experiments are expressed in what is 
known as Wohler’s law, which is given in the following words in Dubois’s 
translation of Weyrauch: 

‘Rupture may be caused not only by a steady load which exceeds the 
carrying strength, but also by repeated Sie ca dons of stresses, none of 
which are equal to the carrying strength. The differences of these stresses 
are measures of the disturbance of Fonttanyy, in so far as by their increase 
the minimum stress which is still necessary for rupture diminishes,” 

A practical illustration of the meaning of the first portion of this law may 
be given thus: If 50,000 pounds once applied will just break a bar of iron or 
steel, a stress very much less than 50,000 pounds will break it if repeated 
sufficiently often. 

This is fully confirmed by the experiments of Fairbairn and Spangenberg, 
as well as those of Wéhler; and, as is remarked by Weyrauch, it may be 
considered as a long-known result of common experience. It partially ac- 
counts for what Mr, Holley has called the “ intrinsically ridiculous factor of 
safety of six.” 

Another “long-known result of experience” is the fact that rupture may 
be caused by a succession of shocks or impacts, none of which alone would 
be sufficient to cause it. Iron axles, the piston-rods of steam hammers, and 
other pieces of metal subject to continuously repeated shocks, invariably 
pee after a certain length of service, They havea “life” which is lim- 
ited. 

Several years ago Fairbairn wrote: ‘*-We know that insome cases wrought 
iron subjected to continuous vibration assumes a crystalline structure, and 
that the cohesive powers are much deteriorated, but we are ignorant of the 
causes of this change.” We are still ignorant, not only of the causes of this 
change, but of the conditions under which it takes place. Who knows 
whether wrought iron subjected to very slight continuous vibration will en- 
dure forever? or whether to insure final rupture each of the continuous small 
shocks must amount at least to a certain percentage of single heavy shock 
(both measured in foot-pounds), which would cause rupture with one applica- 
tion ? WOohler found in testing iron by repeated stresses (not impacts) that 
in one case 400,000 applications o¢ a stress of 500 centners to the square inch 
caused rupture, while a similar bar remained sound after 48,000,000 applica- 
tions of a stress of 800 centners to the square inch (1 centner = 110.2 ie}, 

Who knows whether or not 4 similar law holds true in regard to repeated 
shocks ? Suppose that a bar of iron would break under a single impact of 
1000 foot-pounds, how many times would it be likely to bear the repetition 
of 100 foot-pounds, or would it be safe to allow it to remain for fifty years 
subjected to a continual succession of blows of even 10 foot-pounds each ? 

Mr. William Metcalf published in the Metallurgical Review, Dec. 1877, the 
results of some tests of the life of steel of different percentages of carbon 
underimpact. Some small steel pitmans were made, the specifications for 
which required that the unloaded machine should run 41 hours at the rate 
of 1200 revolutions per minute before breaking. 

The steel was all of uniform quality, except asto carbon. Here are the 
results; The 

-80 C- ran1h. 21m. Heated and bent before breaking. 
-49C. * 1h. 28m., M Ae 55-66 is st 
480, ‘* 4h.57m,. Broke without heating, 


650, “ 3h.50m. Broke at weld where imperfect. 
280.0,. * a be 40 m, 


+87 C, Broke in weld near the end. 
-96 C. Ran 4,55 m., and the machine broke down, 


Some other experiments by Mr. Metealf confirmed his conelusiun, viz, 
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ithat high-carbon steel was better adapted to resist repeated shocks and vi- 
ibrations than low-carbon steel. 
( ‘hese results, however, would scarcely be sufficient to induce any en- 
| sgineer to use .84 carbon steel in a car-axle or a bridge-rod. Further experi- 
» iments are needed to confirm or overthrow them. 

(See description of proposed Be Sten for such an investigation in the 
} iauthor’s paper in Trans. A. I. M. E., vol. viii, p. 76, from which the above 
) vextract is taken.) 


Stresses Produced by Suddenly Applied Forces and 
Shocks, 


(Mansfield Merriman, R. R. & Eng. Jour., Dec. 1889.) 


Let P be the weight which is dropped from a height 2 upon the end of a 
‘bar, and let y be the maximum elongation which is produced. The work 
performed by the falling weight, then, is 


W=Ph+y), 

}jand this must equal the internal work of the resisting molecular stresses. 
) The stress in the bar, which is at first 0, increases up to a certain limit Q, 
| which is greater than P; and if the elastic limit be not exceeded the elonga- 
| ition increases uniformly with the stress, so that the internal work is equal 
‘to the mean stress 1/2Q multiplied by the total elongation y, or 


W=1/2 Qy. 
‘Whence, neglecting the work that may be dissipated in heat, 
1/2Qy = Ph+Py. 


7) If e be the elongation due to tne static load P, within the elastic limit 


5 | w=pe whence 
hi = P(r 44/1424), PRD et RE SM 


which gives the momentary maximum stress. Substituting this value of Q, 


there results 
h 
yae(1 44/1424), Sure Rerun KO); 


which is the value of the momentary maximum elongation. 
| _ Ashock results when the force P, before its action on the bar, is moving 
‘with velocity, as is the case when a weight Pfalls from a height h, The 
}} ‘above formulas show that this height h may be small if e is a small quan- 
| tity, and yet very great stresses and deformations be produced, For in- 
} ‘stance, let h=d4e, then Q=4P and y = 4e; also let h=12e, then Q=6P 
‘andy=6e. Or take a wrought-iron bar 1 in. square and 5 ft. long; under a 
‘steady load of 5000 Ibs. this will be compressed about 0.012 in., supposing 
: Hiro no lateral flexure occurs; but if a weight of 5000 lbs. drops upon its end 


rom the small height of 0.048 in. there will be produced the stress of 20,000 


S. 
A suddenly applied force is one which acts with the uniform intensity P 

mre the end of the bar, but which has no velocity before acting upon it.- 
| This corresponds to the case of kh =0 in the above formulas, and gives Q= 
2P and y = 2e for the maximum stress and maximum deformation. Probe 
| (ably the action of a rapidly-moving train upon a bridge produces stresses. 
of this character. y it 
, Increasing the Tensile Strength of Iron Bars by Twist- 
| ing them.—trnest L. Ransome of San Francisco has obtained an English 

Patent, No. 16221 of 1888, for an “ improvement in strengthening and testing 
| wrought metal and steel rods or bars, consisting in twisting the same in a 
| cold state. . . . Any defect in the lamination of the metal which would 
| Otherwise be concealed is revealed by twisting, and imperfections are shown 
: et ones. The treatment may be applied to bolts, suspension-rods or bars 
| subjected to tensile strength of any description.” 
___Results of tests of this process were reported by Lieutenant F, P. Gilmore, 
U.S. N.,ina paper read before the Technical Society of the Pacific Coast, 
| published in the Transactions of the Society for the month of December, 
i 1888, The experiments include trials with thirty-nine bars, twenty-nine of 
| which were variously twisted, from three-eighths of one turn to six turns per 
foot. The test-pieces were cut from one and the same bar, and accurately 


ie 
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measured and numbered. From each lot two pieces without twist were 
tested for tensile strength and ductility. One group of each set was twisted 
until the pieces broke, as a guide for the amount of twist to be given those — 
to be tested for tensile strain, 
The following is the result of one set of Lieut. Gilmore’s tests, on iron — 
bars 8 in. long, .719 in. diameter. ‘ 


No. of 


Rar Conditions. 
2 Not twisted. 
2 Twisted cold. 
Q “ “ 
2 oe Ltd 
x: “ 7 


Twists | pwists| Tensile | Tensile 
Turns, | Per ft. | Strength. | per sq. in. 
°4 | “ag | Be's00 | Bo020 

23900 03 
1 14 800 63,500 
2 8 26,300 64,750 
24 354 26,400 ; 


Gai 


a 


mn per — 
cent. 


Tests that corroborated these results were made by the University of | 
California in 188) and by the Low Moor Iron Works, England, in 1890. . 


TENSILE STRENGTH. 

The following data are usually obtained in testing by tension in a testing: 
machine a sample of a material of construction: 
The load and the amount of extension at the elastic limit. 
The maximum load applied before rupture. 
The elongation of the piece, measured between gauge-marks placed a 
stated distance apart before the test; and the reduction of area at the 


point of fracture. 


The load at the elastic limit and the maximum load are recorded in pounds 
per square inci: of the original area. The elongation is recorded as a per- 
centage of the stated length between, the gauge-marks, and the reduction 
area as a percentage of the original area, 
culated from the ratio the extension within the elastic limit per inch of 
length bears to the load per square inch producing that extension. 

On account of the difficulty of mnaking accurate measurements of the frac- 
tured area of a test-piece, and of the fact that elongation is more valuable 
than reduction of area as a measure of ductility and of resilience or work 
of resistance before rupture, modern experimenters are abandoning the 
custom of reporting reduction of area. 
fractured section” formerly frequently used in reporting tests is now almost 
entirely abandoned. The data now calculated from the results of a tensile 
er square 

between 
inches. 3, Elastic limit in pounds per square inch 


test for commercial purposes are: 1. Tensile strength in pounds 
2. Elongation per cent of a stated lengt! 


inch of original area, 
gauge-marks, usually 8 
of original area. 


The coefficient of elasticity is cal- 


The ‘strength per square inch of 


The short or grooved test specimen gives with most metals, especially | 
with wrought iron and steel, an apparent tensile strength much higher 
than the real strength, This form of test-piece is now almost entirely aban. 


doned. 


The following results of the tests of six specimens from the same 114’’ steel 
bar illustrate the apparent elevation of elastic limit and the changes in» 
other properties due to change in length of stems which were turned down: 


in each Epos to .798’’ diameter. 


Section 


) 


(Jas. E. Howard, Eng. Congress 1893, 


Description of Stem. 


Wa 
i ce al age: 
Sein Ss cUlre heme Se a LA 
Semicircular groove, 
Matradiust. qoss. 
Semicircular groove, 
1g” radius ........... 
V-shaped groove...... 


Elastic Limit, 
Lbs. per Sq. In, 


64,900 
65,320 
68,000 


75,000 


86,000, about 
90,000, about 


Tensile Strength,| Contraction of 
Area, per cent, 


Lbs. per §q. In, 


116,380 


134,960 
117,000 


31.6 


Indeierminate. 
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Tests plate made by the author in 1879 of straight and grooved test-pieces 
of boiler-plate steel cut from the same gave the following results: 
5 straight pieces, 56,605 to 59,012 lbs. T.S. Aver, 57,566 Ibs. 
4grooved “ 64,341 to 67,400 ** kid *s 65,452 ** 
Excess of the short or grooved specimen, 21 per cent, or 12,114 Ibs, 


Measurement of Elongation.—In order to be able to compare 
records of elongation, it is necessary not only to have a uniform length of 
section between gauge-marks (say 8 inches), but to adopt a uniform method 
of measuring the elongation to compensate for the difference between the 
apparent elongation when the piece breaks near one of the gauge-marks, 
and when it breaks midway between them. The following method is rec- 
ommended (Trans. A. S. M. E., vol. xi., p. 622); 

Mark on the specimen divisions of 1/2 inch each. After fracture measure 
from the point of fracture the length of 8 of the marked spaces on each 
fractured portion (or 7 + on one side and 8 + on the other if the fracture is 
not at one of the marks). The sum of these measurements, less 8 inches, is 
the elongation of 8 inches of the original length. If the fracture is so 
near one end of the specimen that 7-++spaces are not left on the shorter 
portion, then take the measurement of as many spaces (with the fractional 
part next to the fracture) as are left, and for the spaces lacking add the 
measurement of as many corresponding spaces of the longer portion as are 
necessary to make the 7-+ spaces. 

Shapes of Specimens for Tensile Tests.—The shapes shown 
in Fig. 75 were recommended by the author in 1882 when he was connected 


-—-—--- eAOOY Ue Ste ae 


ZA No. 1. Square or flat bar, as 
Z rolled. ‘ : 


GF No. 2. Round bar, as rolled. 


No. 3. Standard shape for 
flats or squares. Fillets 4% 
inch radius, 


HN 


No. 4. Standard shape for 
rounds. Fillets }4 in. radius. 


No. 5. Government shape for 
marine boiler-plates of iron. 
Not Fecommon nase for ome 

” tests, as results are generally 
aed e in error. 
Fia. %5. 

with the Pittsburgh Bea. Laboratory. They are now in most general 

use, the earlier forms, with 5 inches or less in length between shoulders, 

being almost entirely abandoned. 

Precautions Required in making Tensile Tests.—The 
testing-machine itself should be tested, to determine whether its weighing 
apparatus is accurate, and whether it is so made and adjusted that in the 
test of a properly made specimen the line of strain of the testing-machine 
is absolutely in line with the axis ofthe specimen. _ 

The specimen should be so shaped that it will not give an incorrect record 
of strength, 

It Thoald be of uniform minimum section for not less than five inches of 
its length. é A 

Rear ‘must be had to the time occupied in making tests of certain mate- 
rials. Wrought iron and soft steel can be made to show a higher than their 
actual apparent strength by keeping them under strain for a great length 
of time. i F 

Tn testing soft alloys, copper, tin, zinc, and the like, which flow under con- 
stant strain their highest apparent strength is obtained by testing them 
rapidly. In recording tests of such materials the length of timg occupied in 
the test should be stated. 
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For very accurate measurements of elongation, corresponding to incre- 
ments of load during the tests, the electric contact micrometer, described 
in Trans, A. S. M. E., vol. vi., p. 479, will be found convenient. When read- 
ings of elongation are then taken during the test, a strain diagram may be 
plotted from the reading, which is useful in comparing the qualities of dif- 
ferent specimens. Such strain diagrams are made automatically by the new 
Olsen testing-machine, described in Jour. Frank. Inst. 1891. 

The coefficient of elasticity should be deduced from measurement ob- 
served between fixed increments of load per unit section, say between 2000 
and 12,000 pounds per square inch or between 1000 and 11,000 pounds instead 
of between 0 and 10,000 pounds. 


COMPRESSIVE STRENGTH, 


What is meant by the term ‘“compressive strength ” has not yet been 
settled by the authorities, and there exists more confusion in vepard to this 
term thar in Hey to any other used by writers on strength of materials, 
The reason of this may be easily explained. The effect of a compressive 
stress upon a material varies with the nature of the material, and with the 
shape and size of the specimen tested. While the effect of a tensile stress is 
to produce rupture or separation of particles in the direction of the line of 
strain, the effect of a compressive stress on a piece of material may be either — 
to cause it to fly into splinters, to separate into two or more wedge-shaped 
pieces and fly apart, to bulge, buckle, or bend, or to flatten out and utterly re~ 
sist rupture or separation of particles, A piece of speculum metal under 
compressive stress will exhibit no change of appearance until rupture takes 
place, and then it will fiy to pieces as suddenly as if blown apart by gun- 
powder. A piece of castiron or of stone will generally split into wedge- 
shaped fragments. A piece of wrought iron will buckle or bend, A piece of 
wood or zine may bulge, but its action will depend upon its shape and size. 
A piece of lead will flatten out and resist compression till the last degree; 
that is, the more it is compressed the greater becomes its resistance, 

Air and other gaseous bodies are compressible to any extent as long as 
they retain the gaseous condition. Water not confined in a vessel is com- 
pressed by its own weight to the thickness of a mere film, while when con- 
fined in a vessel it is almost incompressible, 

It is probable, although it has not been determined experimentally, that 
Solid bodies when confined are at least as incompressible as water. When 
they are not confined, the effect of a compressive stress is not only to 
shorten them, but also to increase their lateral dimensions or bulge them, 
Lateral strains are therefore induced by compressive stresses. 


cent, another fifty per cent, but no weight that we can place upon it will 
rupture it, for it will flatten out to a thin sheet, What, then, is its compres- 
sive strength? Again, a similar cylinder of soft wrought iron would prob-« 
ably compress a few per cent, bulging evenly all around; it would then com- 
mence to bend, but at first the bend would be im erceptible to the eye and 
too small to be measured. Soon this bend woula 


As showing the confusion concerning the definitions of compressive 
strength, the following statements from different authorities on the strength 
of wrought iron are of interest. 

Wood’s Resistance of Materials states, ‘‘ comparatively few experiments 
have been made to determine how much wrought iron will sustain at the 
point of crushing. Hodgkinson gives 65,000, Rondulet 70,800, Weisbach 72,000 
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Rankine 80,000 to 40,000. Itis generally assumed that wrought fron will resist 
_ about two thirds as much crushing as to tension, but the experiments fail 
to give a very definite ratio.” 

Mr. Whipple, in his treatise on bridge-building, states that a bar of good 
wrought iron will sustain a tensile strain of about 60,000 pounds per square 
inch, and a compressive strain, in pieces of a length not exceeding twice the 

least diameter, of about 90,000 pounds, 

The following values, said to be deduced from the experiments of Major 
Wade, Hodgkinson, and Capt, Meigs, are given by Haswell: 


American wrought iron......-..eeessessesesseneeces 127,720 Ibs, 
cia “ Lu ¢ itd 


mean)... eee 85,500 ke 
Bngiteyi ts, + donttivensvss oat. cues onnthnedenteve tan ayy 


Stoney states that the strength of short pillars of any given material, all 
having the same diameter, does not vary much, provided the length of the 
piece is not less than one and does not exceed four or five diameters, and 
that the weight which will just crush a short prism whose base equals one 
square inch, and whose height is not less than 1 to 14 and does not exceed 
4 or 5 diameters, is called the crushing strength of the material. It would 
be well if experimenters would all agree upon some such definition of the 
term ‘‘ crushing strength,” and insist that all experiments which are mdde 
for the purpose of testing the relative values of different materials in com- 
pression be made on specimens of exactly the same shape and size. An 
arbitrary size and shape should be assumed and agreed upon for this pur- 
pose, The size mentioned by Stoney is definite as regards area of section, 
viz., one square inch, but is indefinite as regards length, viz., from one to 
five diameters. In some metals a specimen five diameters long would bend, 
and give a much lower apparent strength thana specimen having a length of 
one diameter. The words “ will just crush ”’ are also indefinite for ductile 
materials, in which the resistance increases without limit if the piece tested 
does not bend. In such cases the weight which causes a certain percentage 
of compression, as five, ten, or fifty per cent, should be assumed as the 

serushing strength. ' 

For future experiments on crushing strength three things are desirable : 
First, an arbitrary standard shape and size of test specimen for comparison 
of all materials. Secondly, a standard limit of compression for ductile 
materials, which shall be considered equivalent to fracture in brittle mate- 
rials. Thirdly, an accurate knowledge of the relation of the crushing 
strength of a specimen of standard shape and size to the crushing strength 
of specimens of all other shapes and sizes. The latter can only be 
secured by a very extensive and accurate series of experiments upon all 
eae of materials, and on specimens of a great number of different shapes 
and sizes. 

The author proposes, as a standard shape and size, for a compressive test 
specimen for all metals, a cylinder one inch in length, and one half square 
inch in sectional area, or 0.798 inch diameter; and for the limit of compres- 
sion equivalent to fracture, ten per cent of the original length. The term 
*“compressive strength,” or ‘‘compressive strength of standard specimen,” 

_ would then mean the weight per square inch required to fracture by com- 
pressive stress a cylinder one inch long and 0.798 inch diameter, or to; 
reduce its length to 0.9 inch if fracture does not take place before that reduc- 
tion in length is reached. If sucha standard, or any standard size whatever, 
had been used by the earlier authorities on the strength of materials, we 
never would have had such discrepancies in their statements in regard ta 
the compressive strength of wrought iron as those given above. f- 

The reasons why this particular size is recommended are: that the sectional 
area, one-half square inch, is as large as can be taken in the ordinary test- 
ing-machines of 100,000 pounds capacity, to include all the ordinary metals 

_ of construction, cast and wrought iron, and the softer steels; and that the 
_ length. one inch, is convenient for calculation of esis of compression. 
If the length were made two inches, many materials would bend in testing, 
and give incorrect results. Even in cast iron Hodgkinson found as the mean 
of several experiments on vavious grades, tested in specimens $4 inch in 
_ height, a compressive strength per square inch of 94,730 pounds, while the 
mean of the same number of specimens of the same irons tested in pieces 1 
inches in height was only &8,800 pounds. The best size and shape of standa: 
specimen should, however, be settled upon only after consultation and 
+ agreement among several authorities. 


- 
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The Committee on Standard Tests o1 the American Society of Mechanicat 
Engineers say (vol. xi., p. 624): 

“Although compression tests have heretofore been made on diminutive 
sample pieces, it is highly desirable that tests be also made on long pieces 
from 10 to 20 diameters in length, corresponding more nearly with actual 

ractice, in order that elastic strain and change of shape may be determined 

y using proper measuring apparatus, 


The elastic limit, modulus or coefficient of elasticity, maximum and ulti-_ 


mate resistances, should be determined, as well as the increase of section at 
various points, viz., at bearing surfaces and at crippling point. 

The use of long compression-test pieces is recommended, because the in- 
vestigation of short cubes or cylinders has led to no direct application of 
the constants obtained by their use in computation of actual structures, 
which have always been and are now designed according to empirical for: 
mules obtained from a few tests of long echnaus™ 


COLUMNS, PILLARS, 0R STRUTS. 


Hodgkinson’s Formula for Columns, 


P = crushing weightin pounds; d = exterior diameter in inches; d, = in- 
terior diameter in inches; Z = length in feet, 


Kind of Column, 


Both ends rounded, the 
length of the column 
exceeding 15 times 
its diameter. 


Both ends flat, the 
length of the column 
exceeding 30 times 
its diameter, 


ob ariel) Pa meiee, athens 
Halwa pa | pag 
aibotereatice yOu pe P = 290,000 
Sees aeba en ne end be RASHES Su 2h 24,5409 


Solid square pillar Of | | o.oo. .cessseeccsceee BS aut 
red deal (dry)......... \ Aiea 
The above formule apply only in cases in which the length is so great that 
the column breaks by bending and not by simple crushing. If the column 
be shorter than that given in the table, and more than four or five times its 
diameter, the strength is found by the following formula ; 


fin which P = the value given by the preceding formule, K = the transverse 
section of the column in square inches, C = the ultimate compressive resis- 
tance of the material, and W = the crushing strength-of the column. 

Hodgkinson’s experiments were made upon comparatively short columns, 
Ty Arestesbledere of cast-iron columns being 60% inches, of wrought iron 

4 inches, 

The following are some of his conclusions: 

1. In all long pists of the same dimensions, when the force is applied in 
the direction of the axis, the strength of one which has flat ends is about 
three times as great as one with roun led ends. 

2. The strength of a pillar with ~ne nd rounded and the other flat is an 
arithmetical mean between the two given in the preceding case of the same 
dimensions. ‘ 

3. The strength of a pillar having both ends firmly fixed is the same aa 
one of half the length with both ends rounded. 

4. The strength of a pillar is not increased more than one seventh by en: 
larging it at the middle. 
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_ Gordon’s formuls deduced from Hodgkinson’s experiments are more 
penerally used than Hodgkinson’s own. They are: 


Columns with both ends fixed or flat, P = pi 
a2 
Columns with one end flat, the other end round, P = Fs 723 
+ 1.8055 
Columns with both ends round, or hinged, P = —f8_,; 
1+ 4a-a 


S = area of cross-section in inches; 

P= ultimate resistance of column, in pounds; 

f = crushing strength of the material in lbs. per square inch; 
Moment of inertia, 


+ = least radius of gyration, in inches, r? = ——____ 3 
area of section 
1 = length of column in inches; 
a = a coefficient depending upon the material; 

f and a are usually taken as constants; they are really empirical variables, 
dependent upon the dimensions and character of the column as well as upon 
the material. (Burr.) 

Yor solid wrought-iron columns, values commonly taken are: f = 36,000 to 
40,000; a = 1/36,000 to 1/40,000. 

For solid cast-iron columns, f = 80,000, a = 1/6400. 

For hollow cast-iron columns, fixed ends, p = - Tn 1 = length and 
: 800 d? 
@ = diameter in the same unit, and p = strength in Ibs. per square inch. 
The coefficient of 12/d? is given various values, as 1/400, 1/500, 1/600, and 
1/800, by different writers. The use of Gordon’s formula, with any coef- 
ficients derived from Hodgkinson’s experiments, for cast-iron columns is to 
he deprecated. See Strength of Cast-iron Columns, pp. 250, 251. 
Sir Benjamin Baker gives, 
For mild steel, f= 67,000 lbs., a = 1/22,400, 
For strong steel, f = 114,000 lbs., a = 1/14,400 

Prof. Burr considers these only loose approximations for the ultimate 
resistances. See his formule on p. 259. 

For dry timber Rankine gives f = 7200 lbs., a = 1/3000. 


MOMENT OF INERTIA AND RADIUS OF GYRATION. 


The moment of inertia of a section is the sum of the products of 
each elementary area of the section into the square of its distance from an 
assumed axis of rotation, as the neutral axis. 

Whe radius of gyration of the section equals the square root of the 
guotent of the moment of inertia divided by the area of the section. If 
R=radius of gyration, T= moment of inertia and A = area, = 


R= 4/5. A=. sf 


The moments of inertia of various sections are as follows: 
d = diameter, or outside diameter; d, = inside diameter; b = breadth; 
h = depth; bj, hy, inside breadth and diameter; : 
e 


Solid rectangle J = 1/12bh8; Hollow rectangle I=1 J1XbhS - aaha®)5 
Solid square I= 1/12b4; Hollow square I= 1/12(b* — b,*); 
Solid cylinder I= 1/6474; Hollow cylinder I = 1/64r(d4 — d,*). 


Jroments of Inertia and Radius of Gyration for Various 
Sections, and their Use in the Formulas for Strength of 
Girders and Columns.—tThe strength of sections to resist strains, 

_ either as girders or as columns, depends not only on the area but also on the 
form of the section, and the pe of the section which forms the basis 
of the constants used in the formulas for strength of girders and columns 
to express the effect of the form, js its moment of inertia about its neutral 
. axis. The modulus of resistance of any section to transverse bending is its 
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moment of inertia divided by the distance from the neutral axis to the 
fibies farthest removed from that axis; or 


Moment of inertia Ae f 
~ Distance of extreme fibre from axis” 
Moment of resistance = section modulus X unit stress on extreme fibre. 


Moment of Inertia of Compound Shapes, (Pencoyd Iron 
Works.)—The moment of inertia of any section about any axis is equal to the 
J about a parallel axis passing through its centre of gravity + (the area of 
the section xX the square of the distance between the axes). : 

By this rule, the moments of inertia or radii of gyration of any single sec- 
tions being known, corresponding values may be obtained for any combina-— 
tion of these sections. 

Radius of Gyration of Compound Shapes,-—In the case of a 
pair of any shape without a web the value of R can always be found with- 
out considering the moment of inertia. 

The radius Of EON for any section around an axis parallel to another 
axis passing through its centre of gravity is found as follows: 

Let r = radius of gyration around axis through centre of gravity; R= 
radius of gyration around another axis parallel to above; d = distance be- 
tween axes: R = Vd? + 7%, 

When r is small, 2 may be taken as equal to d without material error. 

Srepeiceh Method for Finding Radius of bd rbd pret eas 
F, La Rue, Lng. News, Feb. 2, 1893, gives a short graphical method fo 
finding the radius of gyration of hollow, cylindrical, and rectangular col. 
umns, as follows: 

For cylindrical columns: 

Lay off to a scale of 4 (or 40) a ri ht-angled triangle, in which the base 
equals the outer diameter, and the altitude equals the inner diameter of the 
column, or vice versa. The hypothenuse, measured toa scale of unity (or 
10), will be the radius of gyration sought. 

This depends upon the formula 


ae f= of Inertia _ VD? - d? 


Section modulus 


Area FS 4 
in which 4 = area and D = diameter of outer circle, a = area and d = dia- 


meter of inner circle, and G = radius of gyration. 4/D? + d? is the expres- 
sion for the hypothenuse of a right-angled triangle, in which D and d. are the 
base and altitude. 

The sectional area of a hollow round column is .7854(D2 — d2). By con- 
structing a right-angled triangle in which D equals the hypothenuse and d 


equals the altitude, the base will equal 4/D? — d2,_ Calling the value of this 
expression for the base B, the area will equal .7854B?, 

Value of G for square columns: 

Lay off as before, but using a scale of 10, a right-angled triangle of which 
the base equals D or the side of the outer square, and the altitude equals d, 
the side of the inner square. With a scale of 3 measure the hypothenuse, 
which will be, approximately, the radius of gyration. 

This process for square columns gives an excess of slightly more than 4%, 
By deducting 4% from the result, a close approximation will be obtained. 

A very close result is also obtained by measuring the hypothenuse with 
the sume scale by which the base and altitude were laid off, and multiplying 
by the decimal 0:29; more exactly, the decimal is 0.28867, 

The formula is 


= Mom, of inertia __ 1 po : ‘ 
G= of ee ements = Wa VD3+ di, = 0.28867 4/2 ar 


_This may also be applied to any rectangular column by using the lesser 
diameters of an unsupported column, and the greater diameters if the col. 
umn is supported in the direction of its least dimensions, 


NLEMENTS OF USUAL SECTIONS. 

Moments refer to horizontal axis through centre of gravity. Thls table is 
intended for convenient application where extreme accuracy is not impor- 
tant. Some of the terms are only approximate; those marked * are correct, 
Values for radius of gyration in flanged beams apply to standard minimum 
sections only. 4 = area of section; 6 = breadth; . = depth; D= diameter. 
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i ace ee ode Tonsk 
Momen ection eas : 
Shape of Section. of Inertia. | Modulus, | Radius of | Radius of 
Gyration. | Gyration. 
ee F bh3 * bh? * | (Least side)2*| Least side * 
Solid Rect- ath abeHy pSeniteoh Mebe ed Eid | Se cee ILD 
. angle. 12 6 12 3.46 
M+he*) pom | 
12 4.89 
I D2 * D* 
16 8 16 4 
Hollow Se 
A, area of AD?—ad? | AD?—ad?| p24 q2* Did 
pues ory Dale 8D 16 5.6 


small section. 


The least of|The least of 
dhs bh? of the two; 


Solid Triangle. 36 ya h? b2 


Ah? Ah b2 b 
Even Angle. 10.3 7.2 % 5 
' 
Ah? Ah (hb)? hb 
9.5 6.5 13(h2 ++ b%) | 2.6(h +b) 
Aha Ah ha h 
19 9.5 22.5 4.74 
Ah? Ah bt b 
i1.i 8 22.5 4.74 
Ah? Ah b? b 
6.66 3.2 21 4.58 
Aha Ah b2 db 
7.34 3.67 12.5 3.54 
Ah? Ah b? b 
6.9 4 36.5 6 


Distance of base from centre of gravity, solid triangle, 5 even angle, ahs 


Bass h 
uneven angle, ae even tee, ns deck beam, 33° all other shapes given in 
; 7 i n 


" the table, & or 3 
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Whe Strength of Cast-iron Columns, 


Hodgkinson’s experiments (first published in Phil. Trans. Royal Socy., 
1840, and condensed in Tredgold on Cast Iron, 4th ed., 1846), and Gordon’s. 
formula, based upon them, are still used (1898) in designing cast-iron col- 
umns. That they are entirely inadequate as a basis of a practical formula 
suitable to the present methods of casting columns will be evident from 
what follows. 

Hodgkinson’s experiments were made on nine ‘* long ” pillars, about 744 
ft. long, whose external diameters ranged from 1.74 to 2.23 in., and average 
thickness from 0,29 to 0.35 in., the thickness of each column also varying, 
_ and on 13 “short ”’ pillars, 0.733 ft. to 2.251 ft. long, with external diameters 
from 1.08 to 1.26 in., all of them less than 14 in. thick. The iron used was 
Low Moor, Yorkshire, No. 3, said to be a good iron, not very hard, earlier 
experiments on which had given a tensile strength of 14,535 and a crushing 
strength of 109,801 lbs. per sq.in. The results of the experiments on the 
“long” pillars were reduced to the equivalent bréaking weight of a solid 
pillar 1 in, diameter and of the same length, 714 ft., which ranged from 2969 
to 3587 lbs. per sq. in., a range of over 12 per cent, although the pillars were 
made from the same iron and of nearly uniform dimensions, From the 13 
experiments on ‘‘short”’ pillars a formula was derived, and from it were 
obtained the ‘calculated breaking weights, the actual breaking weights 
ranging from about 8 per cent above to about 8 per cent below the calcu- 
lated weights, a total range of about 16 per cent. Modern cast-iron columns, 
such as are used in the construction of buildings. are very different in size, 

oe and quality of iron from the slender ‘long’ pillars used in 

odgkinson’s experiments. There is usually no check, by actual tests or by 
disinterested inspection, upon the quality of the material, The tensile, com- 
ressive, and {ransverse strength of cast iron varies through a great range 
the tensile strength ranging from less than 10,000 to over 40,000 lbs. per sq. 
in.), with variations in the chemical composition of the iron, according to 
laws which are as yet very imperfectly understood, and with variations in 
the method of melting and of casting. There is also a wide variation in the 
strength of iron of the same melt when cast into bars of different thick- 
nesses. Itis therefore impossible to predict even approximately, from the 
data given by Hodgkinson of the strength of columns of Low Moér iron in 
pillars 744 ft. Jong, 2 in. diam., and 3 in. thick, what will be the strength of 
a column made of American east iron, of a quality not stated, in a columr 
16 ft. long, 12 or 15 in. diam., and from 34 in. to 144 in. thick. 

Another difficulty in obtaining a practical formula for the strength of cast~- 
iron columns is due to the uncertainty of the quality of the casting, and the 
danger of hidden defects, such as internal stresses due to unequal cooling, 
cinder or dirt, blow-holes, ‘t cold-shuts,” and cracks on the inner surface, 
which cannot be discovered by external inspection. Variation in thick- 
ness, due to rising of the core during casting, is also a common defect, 

In addition to,the above theoretical or a priori objections to the use of 
Gordon’s formula, based on Hodgkinson’s experiments, for cast-iron 
columns, we have the data of recent experiments on full-sized columns, 
made by the Building Department of New York City (Hng’g News, Jan. 18 
and 20, 1898). ‘Ten columns in all were tested, six 15-inch, 190 inches Jong, 
two 8-inch, 160 inches long, and two 6-inch, 120 inches long. The tests were 
made on the large hydraulic machine of the Phoenix Bridge Co., of 2,000,000 
pounds capacity, which was calibrated for frictional error by the repeated 
testing within the elastic limit of a large Phoenix column, and the compari- 
son of these tests with others made on the government machine at the 
Watertown Arsenal. The average frictional error was calculated to be 


15.4 per cent, but Engineering News, revising the data, makes it 17.1 per | 


cent, with a variation of 3 per cent either way from the average with differ- 
ent loads. The results of the tests of the volumes are given on the opposite 
page. 

Column No. 6 was not broken at the highest load of the testing machine, 

Columns Nos. 3 and 4 were taken from the Ireland Building, which col- 
lapsed on August 8, 1895; the other four 15-inch columns were made from 
drawings prepared by the Building Department, as nearly as possible 
duplicates of Nos.3 and 4, Nos. 1 and 2 were made by a foundry in New 
York with no knowledge of their ultimate use. Nos. 5 and 6 were made by 
a foundry in Brooklyn with the knowledge that they were to be tested. 
Nos, 7 to 10 were made from drawings furuished by the Department. 


it 
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TESTS OF CAST-IRON COLUMNS. 


Thickness. Breaking Load. 


Inches. 
Max. Min, | Average.) Pounds. Boe bok 


1 15 1 1 1 1,356,000 80,830 
2 15 15/16 | 1 1% 1,330,000 27700 
3 15 14 1 1% 1,198,000 94°900 
4 151% 17/32 | 1 11g 1,246,000 25.200 
5 15 111/16 | 1 111/64 | 1,632,000 32,100 
6 15 144 1g 13/16 | 2,082;000-+| 40.400 + 
7 |784 to 8] 114 1 651,000 31.900 
8 8 13/32 | 1 1 3/64 | 6121800 26,800 
9 61/16 | 15/32 | 1% 19/64 | 400,000 92'700 
10 63/32 | 134 11/16 | 17/64 | 455/200 26,300 


Applying Gordon’s formula, as used by the Building Department, 


0 
oS es to these columns gives for the breaking strength per square 
03 : 

inch of the 15-inch columns 57,143 pounds, for the 8-inch columns 40,000 
pounds, and for the 6-inch columns 40,000, The strength of columns Nos. 3 

_and4 as calculated is 128 per cent more than their actual strength; their 
actual strength is less than 44 per cent of their calculated strength; and the 
factor of safety, supposed to be 5in the Building Law, is only 2.2 for central 
loading, no account being taken of the likelihood of eccentric loading. 

Prof, Lanza, in his Applied Mechanics, p. 372, quotes the records of 14 
tests of cast-iron mill columns, made on the Watertown testing-machine in 
1887-88, the breaking strength per square inch ranging from 25,100 to 63,310 
pounds, and showing no relation between the breaking strength per square 
inch and the dimensions of the columns. Only 3 of the 14 columns had a 

_ Btrength exceeding 33,500 pounds per square inch. The average strength of 
_ the other 11 was 29,600 pounds per square inch. Prof, Lanza says that it is 
- evident that in the case of such columns we cannot rely upon a crushin, 
_ strength of greater than 25,000 or 30,000 pounds per square inch of area o' 

section. 
_. He recommends a factor of safety of 5 or 6 with these figures for crush- 
ing strength, or 5000 pounds per square inch of area of section as the highest 
- allowable safe load, and in addition makes the conditions that the length of 
the column shall not be greatly in excess of 20 times the diameter, that the 
_ thickness of the metal shall be such as to insure a good strong casting, and 
_ that the sectional area should be increased if necessary to insure that the 
' extreme fibre stress due to probable eccentric loading shall not be greater 
than 5000 pounds per square inch. 
Prof. W. H. Burr (Zng’g News, June 30, 1898) gives a formula derived 
from plotting the results of the Watertown and Phoenixville tests, above 
described, which represents the average strength of the columns in pounds 
“per square inch, It is » = 30,500 -- 160//d. It is to be noted that this is an 
_ayerage value, and that the actual strength of many of the columns was 
_ much lower. Prof. Burr says: ‘‘If cast-iron columns are designed with 
anything like a reasonable and real margin of safety, the amount of metal 
required dissipates any supposed economy over columns of mild steel.’” 
| Transverse Strength of Cast-iron Water-pipe. (Technology 
Quarterly, Sept. 1897.)—Tests of 31 cast-iron pipes by transverse stress 
gave a maximum outside fibre stress, calculated from maximum load, 
assuming each half of pipe as a beam fixed at the ends, rauging from 12,800 
_ Ibs. to 26,300 lbs. per sq. in. 
_ Bars 2 in. wide cut from the pipes gave moduli of rupture ranging from 
_ 28,400 to 51,400 lbs. per sq. in. Hour of the tests, bars and pipes: 
a Moduli of rupture of bar............ 28,400 34,400 40,000 51,400 
Fibre stress of pipe...............-.. 18,300 12,800 14,500 26,300 
_ These figures show a great variation in the strength of both bars and 
pipes, and also that the strength of the bar does not bear any definite rela- 
tion to the strength of the pipe. 
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Safe Load, in Tons of 2000 Lbs., for Round Cast-iron 
Columns, with Turned Capitals and Bases. 
Loads being not eccentric, and length of column not exceeding 20 times 


the diameter. Based on ultimate crushing strength of 25,000 Ibs. per sq. in. 
and a factor of safety of 5. (For eccentric loads see page 254.) 


Thick- Diameter, inches. 

_ ness, 

inches. | g¢/ 7|8{/9/[10| 11 | 12 | 18 | 14 | 15 | 16 | 18 
26.4/31.3 ‘ 
30.9|36.8/42.7|48.6)54.5 

% — (85.2142. 1/48.9/55.8162.7| 69.6] 76.5 

1 39.2147.1|55.0|62.8|70.7| 78.5] 86.4] 94.9] 102.1] 110.0 

hy ial le 60.8/69.6|78.4| 87.2} 96.1] 104.9] 113.8] 122.6] 131.4 

1460 f0..,]550.]..5,176.1]85.9] 95:7] 105.5] 115.3] 125.2] 135.0] 144°8] 164.4 

ABA et  ie V22]]..5.]98/1} 108/91 11427] 125:5] 136/83] 147741 157.9] 179.5 

1 tics] cosfscsefocec{ecce]oseeee] 128.7] 185.5] 147’8] 159/0] 170.8] 194.4 

ra Ra] ele pee Naf lIN LTT [c.. | 168.4] 18211] 195.8) 22373: 

Reem asst Ps ees hs ae betel | em seess.| 204-2) 219.9] 251.8 


For lengths greater than 20 diameters the allowable loads should ba 
decreased. How much they should be decreased is uncertain, since suf- 
ficient data of experiments on full-sized very long columus, from which 
a formula for the strength of such columns might be derived, are as yet 
lacking. There is, however, rarely, if ever, any need of proportioning cast: 
iron columns with a length exceeding 20 diameters. 


Safe Loads in Tons of 2000 Pounds for Cast-iron Columng_ 
(By the Building Laws of New York City, Boston, and Chicago, 1897.) 
New York, Boston, Chicago. 


8a 5a 5a 
Square columns....... 2 2 a 
1+ ip0a2 = 1 + josraa + 30048 
8a 5a 5a 
Round columns..... dn 1a a a 
1 date 400d? tg 800d? + 600d2 


@ = sectional area in square inches; 7 = unsupported length of column iu 
inches; d = side of square column or thickness of round column in inches, - 

The safe load of a 15-inch round column 1} inches diameter, {6 feet lon 3 
according to the laws of these cities would be, in New York, 361 tons; in 
Boston, 264 tons; in Chicago, 250 tons. 

The allowable stress per square inch of area of such a column would be, 
in New York, 11,350 pounds; in Boston, 8300 pounds; in Chica, 0, 7850 pounds, * 
A safe stress of 5000 pounds per square inch would give for the safe load on’ 
the column 159 tons. 

Strength of Brackets om Cast-iron Columns,.—The columns 
tested by the New York Building Department referred to above had 
brackets cast upon them, each bracket consisting of a rectangular shelf 
supported by one or two triangular ribs. These were tested after the 
columns had been broken in the principal tests. In 17 out of 22 cases the 
brackets broke by tearing a hole in the body of the column, instead of by 
shearing or transverse breaking of the bracket itself. The results were 
surprisingly low and very irregular, Reducing them to strength per square 
inch of the total vertical section through the shelf and rib or ribs, they 
ranged from 2450 to 5600 Ibs., oer 4200 Ibs., for a load concentrated 
at the end of the shelf, and 4100 to 10,900 Ibs,, averaging 8000 lbs., for a dis- 
tributed load. (Hng'g News, Jan. 20, 1898.) ; 
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Safe Loads, in ‘Tons, for Round Cast Columns, 
(In accordance with the Building Laws of Chicago.) 


Diame-| Thick- | Unsupported Length in Feet, 
terin | nessin ! . 
ye EeS | ARCHER dg | s |10| 12/14/16! 18| 20/22] 24| 26/28 | 20 
6} 4 Formula; w= 2. 
34 are 
74 K% w = safe load in tons of 
3% 2000 pounds; 
8) 4 a= ieee ooh of col- 
1 
” 2 = unsty ported length 
9 te nches; z) 
1% @= wianerse in inches. 
y 64 5 
f Hi 72 
104 144 80 
U- 4 s 
(ea 80 
1 97] 89 
14) 8 1o7| 98 
13g 117] 106 
ie i ns 
‘ 1 
124 1 138| 127] 117 
hi o186 149| 187] 126 
y 14 134] 125] 116| 107 
. | 134 147] 187] 127} 117 
18 134 160} 149] 138] 128 
Miesakg 173) 161] 149] 138 
114 168] 157} 147] 137] 128) 
‘ { 1 183] 171] 160] 149] 139) 
B t4 146 19g| 185] 173] 161] 150 
Ul 158 212] 198] 185] 173] 161 
134 206] 194] 182.171] 160] 150 
i 14 293] 210] 197] 185} 173] 162 
j 16 154 239| 225] 211] 198) 186] 174 
; 134 255] 240] 225] 211] 198} 185 
iq 1 248] 235] 222] 209] 197| 185 
Be 46 se 267! 253] 239] 225] 212] 199 
? 1% 285| 270] 254] 289] 225] 212 
a J 822) 307] 293] 279] 264} 251 
ig 1 344] 828] 813] 298] 289] 268 
17 366, 349) 883] 317] 8001 285 
y 134 404] 389] 873} 357] 341] 326 
M 1% 431| 414] 397] 880] 363] 347 
» 20 F 456| 438! 420] 402] 384] 367 
: 2% 481| 462| 443] 425; 406| 387 
: 1% 464) 448} 432) 416] 400) 384 
q 17 494] 478] 461) 443] 426] 409 
a 22 2 524] 506) 488] 470] 452] 434 
4 By, 562] 543] 624] 504] 485) 465 
: alg 626] 608] 589] 570] 550) 5381 
- bss 668] 639] 620]. 600 549] 559 
re 9 691] 671] 650] 629] 608] 587 
4 i} 26 724] 703] 681| 659| 637) 614 


From tables published by The Expanded Metal Co., Chicago, 1897.) 


( 
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ECCENTRIC LOADING OF COLUMNS. 


In a given rectangular cross-section, such as a masonry joint under pres® 
ure, the stress will be distributed uniformly over the section only when the 
resultant passes through the centre of the section; any deviation from such 
acentral position will bring a maximum unit pressure to one edge and a 
minimum to the other; when the distance of the resultant from one edge is 
one third of the entire width of the joint, the pressure at the nearer edge is 
twice the mean pressure, while that at the farther edge is zero, and that 
when the resultant approaches still nearer to the edge the pressure at the 
farther edge becomes less than zero; in fact, becomes a tension, if the 
material (mortar, ete., there is capable of resisting tension. Or, if, as usual 
in masonry joints, the material is practically incapable of resisting tension, 
the pressure at the nearer edge, when the resultant approaches it nearer 
than one third of the width, increases very rapidly and dangerously, becom- 
ing theoretically infinite when the resultant reaches the edge. 

With a given position of the resultant relatively to one edge of the joint or 
section, a similar redistribution of the pressures throughout the section may 
be ppoushs about by simply adding to or diminishing the width of the 
section, 

Let P = the total pressure on any section of a bar of uniform thickness. 

w = the width of that section = area of the section, when thickness = 1, 

p = P/w = the mean unit pressure on the section. 

M = the maximum unit pressure on the section. 

m= the minimum unit pressure on the section, 

d = the eccentricity of the resultant = its distance from the centre of 
the section. 


Then M=p (14+%) and m= p (a- “¢). 


When d.= tw then M = 2p and m = O. 


When d is greater than 1/6w, the resultant in that case being less than 
one third of the width from one edge, p becomes negative. (J. C. Traut- 
wine, Jr.. Engineering News, Nov. 23, 1893.) 

Eccentric Loading of Cast-iron Columns, — Prof. Lanza 
writes theauthor as follows; The table on paye 252 applies when the resultant 
of the loads upon the column acts along its central axis, 7.¢., passes through 
the centre of gravity of every section. In buildings and other construc- 
tions, however, cases frequently occur when the resultant load does not 
pass through the centre of gravity of the section; and then the pressure is 
not evenly distributed over the section, but is greatest on the side where 
the resultant acts. (Examples occur when the loads on the floors are not 
uniformly distributed.) In these cases the outside fibre stresses of the 
column should be computed as follows, viz.: 

Let P = total pressure on the section; 

d = eccentricity of resultant = its distance from the centre of gravity 
of the section; 

A= area of the section, and Jits moment of inertia about an axis in its 
plane, passing through its centre of gravity, and perpendicular 
to d (see page 267); 

~ . €; = distance of most compressed and cq = that of least compressed 

fibre from above stated axis; 

$,; = maximum and s, = minimum pressure per unit of area, Then 


P , (Pajey Pe iE Ge 
8) A a T and s,= a ram 

Having assumed a certain trial section for the column to be designed, sy 
should be computed, and,if it exceed the proper safe value, a different 
section should be used for which s, does not exceed this value. 

The proper safe value, in the case of cast-iron columns whose ratio of 
length to diameter does not greatly exceed 20, is 5000 pounds per square inch 
when the eccentricity used in the computation of s, is liable to occur fre- 
quently in the ordinary uses of the structure; but when it is one which can 
only occur in rare cases the value 8000 pounds per square inch may be used. 

A long cap ona column is more conducive to the production of eccen- 


tricity of loading than a short one, hence a long cap is-a source of weakness 
in a column, 
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ULTIMATE STRENGTH OF WROUGHT-IRON 
COLUMNS. 
(Pottsville Iron and Steel Co.) 


Computed by Gordon’s formula, p = ee eS 
t 
i+c 5 
p = ultimate strength in lbs. per square inch; 
2 = length of column in inches; 
a fa M00; radius of gyration in inches; 
= 4 
= 1/40,000 for square end-hearings; 1/30,000 for one pin and one square 
bearing; 1/20,000 for two pin-bearings. 
For safe working load on these coluinns use a factor of 4 when used in 
B haildings. or when pare to dead load only; but when used in bridges 
_ the factor should be 5. 


WROUGHT-IRON COLUMNS. 


Ultimate Strergth in lbs. 


Safe Strength in Ibs. per 
per square inch. 


square inch—Factor of 5. 


u z 
“ | pin ana 2 Pin and 
Dan - nm an 
a Pin uare 
nds. | Square | Ends. ds. aa Ends. 
10 39944 | 39866 39300 } 10 7989 7973 7960 
15 39776. | 39702 15 7955 7940 «| 7911 
20 29472 39214. J 20 7921 7894 | 7843 
5 39384 | 39182 5 WSit ; a 
30 39118 | 38834 38278 | 30 7821 T7167 765 
; 5 38810 | 38430 37690 | 35 7762 a 53 
e 40 38460 | 37974 37036 | 40 7692 7595 7407 
» 45 38072 | 37470 | 36322 | 45 7614 7494 726 
«50 31646 | 36928 35525 | 50 7529 i 7105 
. a 37186 | 36836 34744 f 55 7437 7267 6949 
= 60 36697 | 35714 33898 | 60 it 7143 6780 
, & 36182 | 34478 33024 65 7236 6896 6605 
«70 35634 | 34384 32128 | 70 7127 6877 6426 
i 7 35076 | 3362 31218 | 7 | 7015 6736 6244 
/ 80 34482 | 22966 30288 | 80 | 6896 6593 6058 
= 85 33883 | 32236 29384 ff 8 | 6777 7 | 58i7 
2 23264 | 31496 28370 | 90 6653 6299 5694 
95 32636 | 30750 | 27562 | 95 6527 6150 5512 
100 32000 { 30000: | 100 6000 5333 
105 31357 | 29250 | 25786 | 105 6271 5850 31ST 
- 


Maximum Permissible Stresses in columns used in buildings 
{Building Ordinances of City of Chicago, 1893.) 
For riveted or other forms cf wrought-iron columns: 


; 
sg 
= ~ 
: 
4 


poe 1 = length of column in inches; 
eee Se r = least radius of gyration in inches; 
a 3e000r? @ = area of column in square inches. 


For riveted or other steel columns, if more than 60r in Jength: 
S = 17,000 — =r 


If less than 60r in length: S = 13,500a. 
For wooden posts: 


ac a = area of post in square inches; 
TST PSs d = least side of rectangular post in inches; 
i-+sS i = length of post in inches; 
230d? \ 600 for white or Norway pine; 


~§8 0 fer oak; 
( 900 for long-leaf yellow pine. 
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BUILT COLUMNS. 


From experiments by T. D. Lovett, discussed by Burr, the values of f and 
a in several cases are determined, giving empirical forms of Gordon’s for 
mula as follows: p = pounds crushing strength per square inch of section, 
i= length of column in inches, r = radius of gyration in inches. 


O- $007 


Square Phocnin Am. Br.€o. 


Fia. 76. 
Flat Ends. 
Keystone Square ~ Phoenix American Bridge 
Columns, Columns. Columns. Co. Columns. 
39,500 89,000 42,000 36,000 wooy 
(Yi ae ary a a (4) TB (6) aee Sa ( 
+ 15300 23 35,000 72 +59,000 +3 46,000 +2 
Flat Ends, Swelled. 
86,000 
= 1 B Q) weet eeee eres  seeereseeee eo Creer eeteseee 
1+ ig,800 73 
Pin Ends. 
,000 42,000 86,000 
Da cist tt erences ees a SOO Of) a) 
1 ee rege Se 8 re ae aR: 
+7700 ra 22,700 +2 21,500 73 
Pin Ends, Swelled. 
BB QUOT Foy fosaseateasshecce, Meds cckeee diese By caoienee 
p = rT p (8) Oe eee seseneee raee seeee . 
15,000 +3 
Round Ends. 
42,000 86, 
Ws cos hoeecc dS ides ecb ga. Og | OO a 
12,500 72 Ase 11,500 72 


With great variations of stress a factor of safety of as high as 6 or 8 may 
be used, or it may be as low as 3 or 4, if the condition of stress is uniform or 
essentially so. : : : 

Burr gives the following general principles which govern the resistance of 
built columns : ; 

The material should be disposed as far as possible from the neutral axis 
of the cross-section, thereby increasing 7°; 

There should be no initial internal'stress; 

The individual portions of the column should be mutually supporting; 

The individual portions of the column should be so firmly secured to each 
other that no relative motion can take place, in order that the column may 
fail as a whole, thus maintaining the original value of r. 

Stoney says: ** When the length of a rectangular wrought-iron tubular 
column does not exceed 30 times ifs least breadth, it fails by the bulging or- 
Ee evegd of a short portion of the plates, not by the flexure of the pillar as a 
whole.’ a Y 

In Trans. A.S. C. E., Oct. 1880, are given the following formule for the 
ultimate resistance of wrought-iron columns designed by ©. Shaler Smith ; 
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Flat Ends. 
juare Phoenix American Bridge Common 
Column. Column. Co, Column, Column. 
i] 
pa —28500_ yy —42.500_ (45) _98:500__ (yg) _26.500_ tary 
aoa 1 # 18 rem. 
5620 ai 3500 a 1350 @ 2700 a? 
One Pin End. 
6, 5, 
3000 a2 Hr 1+ 5550 a 1500 d= 
Two Pin Ends, 
r 37,500 36,600 36,500 86,500 
hig (ak eee hye BO ae ee 
+ 1000 a3 1500 d2 1750 a2 1200 a2 


The “common” column consists of two channels, GRpostte; with flanges 
outward, with a plate on one side and a lattice on the other. : 

The formula for “‘ square» columns may be used without much error for 
the common-chord section composed of two channel-bars and plates, with 
the axis of the pin passing through the centre of gravity of the cross- 
section. (Burr). 

Compression members composed of two channels connected by zigzag 
PEACE may be treated by formule 4 and 5, using f = 36,000 instead of 


Experiments on full-sized Phoenix columns in 1873 showed a close agree- 
‘ment of the results with formule 6-8, Experiments on full-sized Phosnix 
columns on the Watertown testing-machine in 1881 showed considerable dis- 
crepancies when the value of / +7 became comparatively small. The fol- 
lowing modified form of Gordon’s formula gaye tolerable results through 
the whole range of experiments : : ; 


40,000 (1 


ut erent 
1+ 50,000 72 


Plotting results of three series of experiments on Phoenix columns, & 
more simple formula than Gordon's is reached as follows : 


Phenix columns, flat end, p= oe oe ew oo &) 


Phosnix columns, flat ends, p = 39,640 — 462, when 1 +r is from 30 to 140; 
p = 64,700 — 4600 By ! when t-+ risless than 30, 
r 


Dimensions of Phoenix Columns, 


(Phoenix Iron Co.) : 

The dimensions are subject to slight variations, which are unavoidable in 
rolling iron shapes 

The weights of columns given are those of the 4, 6, or 8 segments of which 
they are composed. The rivet heads add from 2% to 5% to the weights given. 
Rivets are spaced 3, 4, or 6 in. apart from centre to centre, and somewhat 
more closely at the ends than towards the centre of the column. 

G@ columns have 8 segments, FE columns 6 segments, C, B?, B1, and 4 have 
4segments. Least radius of yyration = D X .3636, = 

The safe loads given are computed as being one-fourth of the breaking 
load, and as producing a maximum stress, in an axial direttion, on asquare- 
end cola of not more than 14,000 lbs, per sq. in, for lengths of 90 radii 
and under, p 
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Dimensions of Phoenix Stee] Columns. 
(Least radius of gyration equals D x .3626.) 


One Segment, Diameters in Inches. One Column. 32 

oe = Zo 

Dn nm, pty os oe 

a 2 C : Do &. sa Pry 

* ee . © 2 On 2 2 =O. eS 
Ds iss o ust by - oy SSR? | gap 
$2) 24) 3 | 2.) 58 |ogs| 23 | ees | 852 
oa 2 Fe S a oSe] 25 By Oil evar ay 
on | as 4 } ae [ass | S& | #05 | ae2 
ig Ge S Q £38 | of } ee) 383 

a z < eS HT" | a 

3/16 9.7 4 61/16] 3.8 12.9 1.45 18.2 
Y% 1219 A 4% 6 3/16 | 4.8 16.3 1.50 | 23.9 
5/16 14.8 354 44 65/16} 5.8 1907 1.55 | 30.0 
17:3 4 6 7/16 | .<6.8 | 23.1 1.59 | 35.9 

4 16.3 58g % 6.4 | 21.8 1.95 | 86.4 
5/16 19.9 56 83/16} 7.8 | 26.5 | 2.00 | 45.1 
23.5 BA 5dg 85/16; 9.2 } 31.3 | 2.04 |. 54.4 

7/16 | 27.0 ro 584 87/16 | 10.6 | 386.0 | 2.09 | 63.9 
16 | 30.6 B |\sy | 3 12.0 | 40:8 | 213 | 73.8 
9/16 34.2 6 89/16) 13.4 45.6 | 2.18 | 88.2 
37.7 644 8 11/16) 14.8 50.3) 2.23. | 98.1 

VA 18.9 6 9/16 | 914 7.4 25.2 | 2.39 | 48.3 
“5/16 22.9 6 11/16] 93g 9.0 | 380.6 | 2.43 | 59.5 
36 27.0 B2 6 18/16] 97/16 | 10.6 | 36.0 | 2.48 | 70.7 
7/16 311 6 1/16 | & 15/16} 916 1202 ASB 2. bee Boke 
16 35.2 / 7 1/16 13.8 | 46.9 | 2.57 | 93.9 
9/16 39.3 7 8/16 | 934 15.4 | 52.4 | 2.61 | 105.8 
43.3 7 5/16 | 9 13/16) 17.0° | 57.8 | 2.66 | 111.9 

Y% 2514 7 13/16]11 11/16] 10.0 | 34.0 | 2.84 | 70.0 
5/6 | 31 7 15/16|1134 12.1 41.8 | 2.88 | 85.1 
34 36 8 1/16 }11 13/16} 14.1 48.0 | 2.93 | 98.8 
7/16 | 41 8 3/16 11% 16.0 | 54.6 2.97 | 112.5 
% 46 8 5/16 |11 15/16} 18.0 | 61.8 | 3-01 | 126.3 
“9G | Bt 8 7/16 }12 19.9 | 68.0 | 38.06 | 140.0 
56 (0) 8 9/16 ]12 1/16 | 21.9 | 74.6 8.11 | 153.7 

11/16 62 734 8 11/16]12 3/16 | 24.5 | 82.6 | 3.16 | 170.2 
34 68 8 13/16|12 5/16 | 26.6 | 90.6 7 3.20 | 186.7 
13/16 |--%3 8 15/16/12 7/16 | 28.6 7.3 3.24 | 200.3 
% 78 9 1/16 }12%6 30.6 | 104.0 | 3.29 | 214.2 
1 89 9 5/16 11254 34.8 | 118.6 3.34 | 244.3 
1g 99 9 9/16 }12 13/16] 38.8 | 182.0 | 3.48 | 271.7 
114 109 9 13/16]13 42.7 | 145.8 | 8.57 | 299.2 
Y% 28 11 9/16 |15 16.5 | 56.0 | 4.20 | 115.3 
5/16 | 326 11. 11/16]15! 19.1 65.0 | 4.25 | 138.8 
36 37 11 13/16] 1534 21.7 | 74.0 | 4.29 | 152.4 
7/16 | 42 11 15/16] 15% 24.7 | 84.0 | 4.84 | 1738.0 
47 12 1/16 |15 15/16] 27.6 | 94.0 | 4.88 | 193 6 

9/16 52 12 3/16 116 1/16 | 80.6 | 104.0 | 4.43 | 214.1 
56 57 E 12 5/1616 8/16} 33.5 | 114.0 | 4.48 | 234.7 
11/16 | 62 11 1/16 12 7/16 }16 5/16.| 36.4 | 124.0 | 4.52 | 255.3 
34 68 12 9/16 |16 7/16 | 40.0 | 136.0 | 4.56 | 280.0 
13/16 73 12 11/16/16 9/16 | 48.0 | 146.0 | 4.61 } 3006 
y 7 12 13/16]16 11/16] 45.9 | 156.0 | 4.66 | 321.2 

1 88 13 1/16 }16 13/16] 51.7 | 176.0 | 4.73 | 362.4 
1 98 13 5/16 |17 1/16 | 57.6 | 196.0 | 4.84 | 403.6 
14% 108 13 9/16 17 5/16 | 638.5 | 216.0 } 4.93 | 444.7 
5/16.| 81 1514 1984 24.2 | 62.6 | 5.54 | 170.2 
34 36 GQ 153g «198 28.1 | 96.0 | 5.59 | 197.7 
T/16 | 41 1456/1516 1956 82.0 | 109.3 | 5.64 | 225 1 
yy 46 1554 19 11/16! 86.0 | 122.6 |! 5.68 | 252.6 
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One Segment. Diameters in Inches. - One Column. 


‘2 
or 
n a is z 42 
B= = : a | 2 fo | Ze | 8s 
me Ad : o D on 13 3s . = 
n o = Sa |ot. 
go }ee| 2 | 3 | 88 |oa,| Se | sa! | 252 
gs | oh a 3 68 | 382s) 28 S95] 5% 
og | ds oO | ae | asd] da | 208] og8 
Bf se | Pt a TS eee) oe See aes 
ales < abn dae tip oe ee he 
oie el te 45% | 1934 | 30.9 | 136.0 | 5.73 | 280.0 
0% 56 ie | 1998 | ase | quo3 | ser | sora 
11/16 | 61 16 20 47.7 | 162.6 | 5.82 | 334.9 
34 66 16% | 20% | 51.7 | 176.0 | 5.88 | 62:4 
3/16 | 71 G 1614 | 2014 | 55.6 | 189.3 | 5.91 | 389.8 
% 76 1456 | 1694 | 2094 | 59.6 | 202.6 | 5.95 | 417-3 
1 86 | 1654 | 2 67.4 | 220.3 | 6.04 | 47211 
1% 96 16% | 20% | 75.3 | 256.0 | 6.13 | 527.3 
114 106 17g | 21 83.1 | 2826 | 6.27 | 582.0 
4 116 1756 | 2114 | 90.9 | 309.8 | 6.32 | 636.9 


Working Formule for Wrought-iron and Steel Struts 
of various Forms,—Burr gives the following practical formule, which 
he believes to possess advantages over Gordon’s: 


Pp; = Working 
p= Ultimate Strength = 
Strength, 1/5 Ultimate, 
Ibs. per sq. in. Ibs. per sq. 
Kind of Strut. of Section. in, of Section, 


Flat and fixed end iron angles and tees 44000—140 LZ (1) 


gso0—28 2 a) 
(be 


U 


Hinged-end iron angles and tees....... 46000—175 = (8) 9200-35 7m (4) 
Flat-end iron channels and I beams....40000—110 L (5) 8000—22 +. (6) 
Flat-end mild-steel angles..............52000—180 £ (7%) 10400—86 . (8) 
Flat-end high-steel angles. So Fan pelreolaes 76000—290 4 (9) 15200—58 (10) 
(12) 


2) nee aS 
32000—277 a 


1 U 
Pin-end solid wrought-iron columns....32000— 80 i 6400—16 a 
(11) 
1 U 
—55 — 
6400 aq 
u 


r 
oe (5) and (6) +6 ee ue “ “ “ iz) = 20 “ “ee = 200 
“e (2) to (10) “se 6 “ “ “ “ = 40 “ “ = 200 
oe (1) and (12) o oe Lid “ “ “ = 20 ee “oe = 200 

or os 6 and + = 65 


Steel columns, properly made, of steel ranging in specimens from 65,000 to 
73,000 lbs. per square inch should give a resistance 25 to 33 per cent in ex- 
cess of that of wrought-iron columns with the same value of 1 + 7, provided 
that ratio does not exceed 140. 

The unsupported width of a plate in a compression member should not 
exceed 30 times its thickness. 

In built columns the transverse distance between centre lines of rivets 
securing plates to angles or channels, etc., should not exceed 35 times the 
plate thickness. If this width is exceeded, longitudinal buckling of the 
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nee takes place, and the column ceases to fail as a whole, but yields in 
etail. x 

The same tests show that the thickness of the leg of an angle to which 
latticing is riveted should not be less than 1/9 of the length of that leg or 
side if the column is purely and wholly a compression member. The above 
limit may be passed somewhat in stiff ties and compression members de- 
aigned to carry transverse loads. 

‘he panel points of latticing should not be separated by a greater distance 
than 60 times the thickness of the angle-leg to which the latticing is riveted, 
if the column is wholly a compression member. 

The rivet pitch should never exceed 16 times the thickness of the thinnest 
metal pierced by the rivet, and if the plates are very thick it should never 
nearly copes that value. 

Merriman’s Rational Formula for Columns (Eng. News, 
duly 19, 1894), 


ba EET A fl lee © wiv wt ePetiel oitam(e) 


B = unit-load on the column = total load P+ area of cross-section A; 
C= maximum op tecey unit-stress on the concave side of the column4 
1 = length of the column; r= least radius of gyration of the cross-section, 
E = coefficient of elasticity of the material; n = 1for both ends round. 
m = 4/9 for one end round and one fixed; n = 44 for both ends fixed. This 
formula is for use with strains within the elastic limit only: it does not 
hold good when the strain C exceeds the elastic limit. 

Prof. Merriman takes the mean value of # for timber = 1,500,000, for cast 
iron = 15,000,000, for wrought-iron = 25,000,000, and, for. steel = 30,000,000, 
and 7? = 10 as a close enough approximation. With these values he com- 
putes the following tables from formula (1): 


‘1.—Wrought-iron Columns with Round Ends. 


load. Maximum Compressive Wnit-stress C. 


seesesees 
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-IL.—Wroughtsiron Columns with Fixed Ends, 


i ae Maximum Compressive Unit-stress C, 
es Ln Berita 2 See AE V7 el er CE RS 
1 
F or B. |4 = 20|4 = 40|4 = 60} = 80 | = 1002 = 10012 = 40 = 160 
A 7, r r r 7 


,000 | 7,020} 7,080 | 7180] 77330} 75 °780'| 8,110 | 87530 
8,000 | 8,025 | 8100] s'240 | 8'430 | 8:00 | 9104 k 10,060 
9/000 i 9,130 | 9,300 | 9.550 | 9,890’! 10,340 | 10,930 | 11/690 
10,000 | 10,040 | 10,160 | 10,370 | 10,710 | 11;110 | 11;680 | 12'440 | 13°440 
11,000 | 11,050 | 11,200 | 11,450 | 11.830 | 12’360 | 13,070 | 14,020 | 15’310 
12,000 | 12,060 | 12,240 | 12:540°| 13,000 | 13640 | 14/510 | 15,690 | 17'320 
13,000 | 13,070 | 13,280 | 13,640 | 14,210 | 14:940 1 15,990 | 177440.| 19'480 
14,000 | 14,080 | 14,320 | 14,740 | 15,380 | 16,280'| 173530 | 19,290 | 21'820 


III.—Steel Columns with Round Ends. 


toad. Maximum Compressive Unit-stress C, 
S orB La cae ae 
A Tr 9 r 
; i aih pee 
¥ 6,000 6,050 6,200 6,470 
7,000 7,070 7,270 7,650 
8,000 8,090 | 8,380 8,770 
9,000 9,110 9,450 | 10, 
10,000 10,130 | 10,560 | 11,360 
11,000 11,160 | 11,690 | 12,67 
12,000. -| 12,200 | 12,820 | 14,020 
13,000 13,330 | 13,970 | 15,400 
14,000 14,250 : 15,130 | 16,830 
IV.—Steel Columns with Fixed Ends, ; 
Patt. Maximum Compressive Unit-stress 0. 
7 orB. — = 20|—= 40 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 


The design of the cross-section of a column to carry a given load with 
‘maximum unit-stress C may be made by assuming dimensions, and then 
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eomputing C by formula (1). If the agreement between the specified and 
computed vatues is not sufficiently close, new dimensions must be chosen, 
and the computation be repeated. By the use of the above tables the work 
will be shortened. 

The formula (1) may be put in another form which in some cases will ab. 
breviate the numerical work. For B substitute its value P+ A, and for 
Ar? write J, the least moment of inertia of the cross-section; then 


> nPl? 
F- Gt =m cc te eee et B 


in_which I and 7? are to be determined. 

For example, let it be required to find the size of a square oak column 
with fixed ends when loaded with 24.000 lbs. and 16 ft. long, so that the 
maximum compressive stress C shall be 1000 lbs. per square inch. Here 
I = 24,000, C = 1000, n = 14, 72 = 10, EZ = 1,500,000, 2 = 16 x 12, and (3) be- 


comes 
ones I — 24r? = 14,75, 
Now let a be the side of the square; then 


a . x2 
— 2— 
I= 72 and ip 3 jo’ 


so that the equation reduces to a4 — 24%? = 177, from which 2? is found to be 
29.92 sq. in., and the side # = 5.47 in. Thus the unit-load B is about 802 
Ibs. per square inch, 


WORKING STRAINS ALLOWED IN BRIDGE 
MEMBERS, 


' Theodore Cooper gives the following in his Bridge Specifications : 

Compression members shall be so proportioned that the maximum load 
shall in no case cause a greater strain than that determined by the follow: 
ing formula: 


P= 


i for square-end compression members 3 
4 3 40,00072 
—_—_ o000 —for compression members with one pin and one square end; 


3 30,00072 


“P= w= = for compression members, with pin-bearings; 


P= 


(These values may be increased in bridges over 150 ft. span. See Cooper’s 
Specifications.) D 

P = the allowed compression per square inch of cross-section ; 

1 = the length of compression member, in inches; 
7 = the least radius of gyration of the section in inches, . 

No compression member, however, shall have a length exceeding 45 times 
its least width. 

Tension Members.—All eerie of the structure shall be so proportioned 
that the maximum loads shall in no case cause a greater tension than the 
following (except in spans exceeding 150 feet) : 

} Pounds per 


On bottom chords and main diagonals (forged eye-bars)...... 10,000 
On hope chords and main diagonals (plates or shapes), net 
HOCHOD Gas tiie alps Nb ce Ree Minds apieee eat tae 


tes eee eae . ) 


20 ft. long, net section...............0.000 


Sele eee reeneeee o a! 
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On bottom flange of riveted longitudinal plate girders under 
20 ft. long, net section............ Loess eae see sees - G 
On floor-beam hangers, and other similar members liavle to 
sudden loading (bar iron with forged ends).........+-..s+- 
On floor-beam hangers, and other similar members liable to 
sudden loading (plates or shapes), net section......... odehn i 


Members subject to alternate strains of tension and compression shall be 
proportioned to resist each kind of strain. Both of the strains shall, how- 
ever, be considered as increased by an amount equal to 8/10 of the least of 
the two strains, for determining the sectional area by the above allowed 
strains. 


_ The Phoenix Bridge Co. (Standard Specifications, 1895) gives the follow- 
ing: 


i The greatest working stresses in pounds per square inch shall be as fol- 
OWS; 


Tension. 
Steel. Tron. 
Gs Min. stress] For bars, page Min. stress 
me aad [ i Wax. stress ] forged ends. Le 7,500[ 1 or Max. stress 
Min. stress] Piates or Min. stress 
FS eawn [2 at Max. stress_}| shapes net. ae 7,000[ 1 ak Max. stress 
8,500 pounds. Floor-beam hangers, forged ends........... 7,000 pounds 
7,500 Ls Floor-beam hangers, plates or shapes, net 
BECUOMN saeco paras atti St Eten rwtneatiag 6,000 * 
10,000“ Lower flanges of rolled beams. . : eo 
20,000 *“ Outside fibres of pins............... r oy 
80,000.“ Pins for wind-bracing.. 22. (Z 
20,000 * Lateral bracing......-.....+-+++ SEP OS TM UR pei 
Shearing. ; 
9,000'pourids. Pins and Trivets: iw asian as o--cvcsenenescas 7,500 pounds. 
Hand-driven rivets 20% less unit stresses. For 
bracing increase unit stresses 502. 
6,000 pounds. Webs of plate girders..-............5 +..ee.. 5,000 pounds. 


Bearing. 
16,000 pounds. Projection semi-intrados pins and rivets.... 12,000 pounds. 
Hand-driven rivets 20% less unit stresses. For 
bracing increase unit stresses 50%. 


Compression. 
Lengths less than forty times the least radius of gyration, Ppreviously 
found. See Tension. 
Lengths more than forty times the least radius of gyration, Preduced by 
following formule: 


For both ends fixed, 6= oo 


i 2 36,000 r? 
te 
ho ) 
24,0007r2 
= 
1 = i 
+ i500 78 


For one end hinged, b= 


1+ 


For both ends hinged, = 


P= permissible stress previously found (see Tension); 6 = allowable 
working stress per square inch; / = length of member in inches; + = least 
radius of gyration of section in inches. No compression member, how: 
ever, shall have a length exceeding 45 times its least width. 
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Pounds per 
¢ sq. in. 
In counter Web MeMbETS........seeescerceesercecereccceseesese 10,000 
In long verticals......... ciebicnon sbeeeuae anes ds ses errrerr : 
In all main-web and lower-chord eye-bars......++ seecses A 
In plate hangers (neb Section)......2+.¢+-seese ceersereecseeces 9, 
In tension members of lateral and transverse bracing........- 19,000 
In steel-angle lateral ties (net section).... ... ... ........-... 15,000 
For spans over 200 feet in length the greatest allowed working stresses 
per square inch, in lower-chord and end main-web eye-bars, shall be taken at 


10,000( 1 -+ 22: total ——) 


max. total stress 
whenever this quantity exceeds 13,200, : 

The pene allowable stress in thé main-web eye-bars nearest the centre 
of such spans shall be taken at 13,200 pounds per square inch ; and those 
for the intermediate eye-bars shall be found by direct interpolation between 
the preceding values. 

The greatest allowable working stresses in steel plate and lattice girders 
and rolled beams shall be taken as follows : 


Pounds per 


Upper flange of plate girders (gross Section)..... +06. seeesseree 10,000 
Lower flange of plate girders (net section).........00+ s2+-+0+ 10,000 
In counters and long verticals of lattice guders (net seetion).. 9,000 
In lower chords and main diagonals of lattice girders (net 
SOCHON).: ch acute cn car cecscuae tebseerecece se aweeene decudees 10,000 
In bottom flanges of rolled beams......06.eseeeoees-ee 
In top flanges of rolled beams........-- Soe elses has 


RESISTANCE OF HOLLOW CYLINDERS TO 
COLLAPSE. 


Fairbairn’s empirical formula (Phil. Trans. 1858) is 


ts {2:19 
p= 9,675,000, 6s ew ee ee 


where p = pressure in lbs. per square inch, t = thickness of cylinder, d = 
diameter, and J = length, all in inches ; or, 


vg URW Ser 
p = 806,300 za? if L is in feet. Gp, 0. nese) 


He recommends the simpler formula 
t 
P = 9,675,600 7. sibs aah'a’) (onder ie. eats migieimpaestO) 
as sufficiently accurate for practical purposes, for tubes of considerable 
. diameter and length. a 
The diameters of Fairbairn’s experimental tubes were 4/’, 6’’, 8’, 10’’, and 
12’, and their lengths. between the cast-iron ends, ranged between 19 inches 
and 60 inches, 

His formula (3) has been generally accepted as the basis of rules for 
ascertaining the strength of boiler-flues, In some cases, however, limits are 
fixed to its application by a pd mrp formula, 

Lloyd’s Register contains the following formula for the strength of circular 
boiler-flues, viz., " 

P= 89,600¢2 


Tao acc ule Net ene) coun! heme ais (a) 
The English Board of Trade prescribes the following formula for circular 


flues, when the longitudinal joints are welded, or made with riveted butt- 
straps, viz., 


FT He eth Me Sitetetet O 


For lap-joints and for inferior workmanship the numerical factor may be 
reduced as low as 60,000. 
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_ The rules of Lloyd’s Register, as well as those of the Board of Trade, pre. 
6ceribe further, that in no case the value of P must exceed the amount given 
by the following equation, viz., 

? 8000¢ 


ar, a 


‘ 


_ In formule (4), (5), (6) P is the highest working pressure in pounds per 
square inch, ¢ and d are the thickness and diameter in inches, Z is the 
length of the flue in feet measured between the strengthening rings, in case 
it is fitted with such. Formula (4) is the same as formula (3), with a factor 
of safety of 9. In formula (5) the length L is increased by 1; the influence 
which this addition has on the value of P is, of course, greater for short 
tubes than for long ones. 

__ Nystrom has deduced from Fairbairn’s experiments the following formula 
for the collapsing strength of flues : 


_ 4Te 
Qo Sap" 


. where p,t, and d have the same meaning as in formula(1), L is the length in 
feet, and T is the tensile strength of the metal in pounds per square inch. 
If we assign to 7 the value 50,000, and express the length of the flue in 
- inches, equation (7) assumes the following form, viz., 


ff me OD80O eet san ts Hd en $0 Seats RG) 


avi 


Nystrom considers a factor of safety of 4 sufficient in applying his formula. 
(See ‘A New Treatise on Steam Engineering,” by J. W. Nystrom, p. 106.) . 
Formula (1), (4), and (8) have the common defect thay they make the 
‘ plaegads pressure decrease indefinitely with increase of length, and vice 
versa. . Love has deduced from Fairbairn’s experiments an equation of 
a different form, which, reduced to English measures, is as follows, viz., 


{2 2 
p = 5,858,150 £5 -+-41,906 5 + 1828 ease es gh male 
where the notation is the same as in formula (1). 

D. K. Clark, in his.“ Manual of Rules,” etc., p. 696, gives the dimensions of 
six flues, selected from the reports of the Manchester Steam-Users Associa- 
tion, 1862-69, which collapsed while in actual use in boilers, These flues 
varied from 24 to 60 inches in diameter, and from 3-16 to % inch in thickness, 
They consisted of rings of plates riveted together, with one or two longitud- 
inal seams, but all of them unfortified by intermediate flanges or strength- 
ening rings, At thecollapsing pressures the flues experienced compressions 
ranging from 1.58 to 2.17 tons, or a mean compress:on of 1.82 tons per square 
inch of section. From these data Clark deduced the following formula 
“for the average resisting force of common boiler-flues,”’ viz., 


pat (i 50), ee SI 


where p is the collapsing pressure in pounds per square inch, and d and ¢ 
are the diameter and thickness expressed in inches. Oh 

Q. R. Roelker, in Van Nostrand’s Magazine, March, 1881, discussing the 
above and other formnlz, shows that experimental data are as yet insuffi- 
cient to determine the value of any of the formule. He says that Nystrom’s 
formula, (8), gives a closer agreement of the calculated with the actual col- 
lapsing pressures in experiments on flues of every description than any of 
the other formulee. 


Collapsing Pressure of Plain Iron Tubes or Flues. 


(Clark, S. E., vol. i. p. 643.) 


The resistance to collapse of plain-riveted flues is directly as the square of 
the thickness of the plate, and inversely as the square of the diameter.. The 
support of the two ends of the flue does not practically extend over a length 
of tube greater than twice or three times the diameter, The collapsing 
pressure of long tubes is therefore practically independent of the length 


266 STRENGTH OF MATERIALS. 


Instances of coliapsed flues of Cornish and Lancashire boilers collated by 
Clark, showed that the resistance to collapse of flues of 34-inch plates, 18 to 
43 feet long, and 30 to 50 inches diameter, varied as the 1.75 power of the 
diameter. Thus, 


for diameters of.............. shateciae -. 30 85 40 45 50 inches, 

the collapsing pressures were......... 76 58 45 87 30 Ibs. per sq. in; 
for %-16-inch plates the collapsing 

PTOSSULOS WETE.....c.ccce--csenesenee es oe 60 49 42 8 46 


For collapsing pressures of plain iron flue-tubes of Cornish and Lanca 
steam-boilers, Clark gives: 
200.000¢2 
qizo * 


Pi 


# = collapsing pressure, in pounds per square inch; 
t = thickness of the plates of the furnace tube, in inches, 
d = internal diameter of the furnace tube, in inches. 


For short lengths the longitudinal tensile resistance may be effective in | 


augmenting the resistance to collapse, Flues efficiently fortified by flange, 
joints or hoops at intervals of 8 feet may be enabled to resist froin 50 Ibs. 
to 60 lbs. or 70 lbs. pressure per square inch more than plain tubes, accord- 
ing to the thickness of the plates. 

Strength of Small Tubes.—The collapsing resistance of solid- 
drawn tubes of small diameter, and from .134 inch to .109 inch in thickness, 
nas been tested experimentally by Messrs. J. Russell & Sons. The results 
jor wrought-iron tubes varied from 14.33 to 20.07 tons per square-inch sec- 
tion of the metal, averaging 18,20 tons, as against 17.57 to 24.28 tons, averag: 
ing 22.40 tons, for the bursting pressure. 

(For strength of Segmental Crowns of Furnaces and Cylinders see Clark, 
8. E., vol. i, pp. 649-651 and pp. 627, 628.) 

Formula for Corrugated Furmaces (£ng’g, July 24, 1891. p. 
102),— As the result of a series of ee on the resistance to collapse 
of Fox's corrugated furnaces, the Board of Trade and Lloyd’s Registry 
altered their formule for these furnaces in 1891 as follows: 

Board of Trade formula is altered from 


12,500 x 7 = WP to 14,000 x T = WP. 
D D 

T = thickness in inches; 

D = mean diameter of furnace$ 

WP= Wetking Breaiee in pounds per square inch, 
Lloyd’s formula is altered from 


1000 x (7—2)_ 1984 X(T — 2) _ 
ScnRen  BRaSE mp to as Ga = WP. 


T = thickness in sixteenths of an inch; 
D= greatest diameter of furnace; 
WP = working pressure in pounds per square inch, 


TRANSVERSE STRENGTH. 


In transverse tests the strength of bars of rectangular section is found to 
vary directly as the breadth of the specimen tested, as the square of its 
depth, and inversely as its length. The deflection under any load varies as 
the cube of the length, and inversely as the breadth and as the cube of the 
depth. Represented sicetrascslly, if S = the strength and D the deflection, 
tthe length, b the breadth, and d the depth, 


; bd? , is 
S varies as bare and D varies as bas 


For the purpose of reducing the strength of pieces of various sizes to 
&@ common standard, the term modulus of rupture (represented by R) is 
used. Its va‘ue is obtained by experiment on a bar of rectangular séction 
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supported at the ends and loaded in the middle and substituting numerical 
values in the following formula ; 
3 Pl 
B= 3ba” 


_| in which P= the breaking load in pounds, ? = the Jength in inches, b the 
breadth, and d the depth, 
| » The modulus of rupture is sometimes defined as the strain at the instant 
| of rupture apon a unit of the section which is most remote from the neutral 
axis on the side which first ruptures. This definition, however, is based 
-upon a theory which is yet in dispute among authorities, and it is better to 
define it as a numerical value, or experimental constant, found by the ap- 
plication of the formula above given 
From the above formula, making I 12 inches, and b and d each 1 inch, it 
- follows that the modulus of rupture is 18 times the load required to break a 
bar one inch square, supported at two points one foot apart, the load being 
applied in the middle. 


Coefficient of transverse strength = Spa te teed lead ae anid ie ie ae 


breadth in inches x (depth in inches)?. 


=;th of the modulus of rupture. 


Fundamental Formule for Flexure of Beams (Merriman), 

Resisting shear = vertical shear; 

Resisting moment = bending moment; 

Sum of tensile stresses = sum of compressive stresses; 

Resisting shear = algebraic sum of all the vertical components of the in- 
ternal stresses at any section of the beam, 

Tf A be the area of the section and Ss the shearing unit stress, then resist- 

_ ing shear = ASs, and if the vertical shear = V, then V = ASs, 

' The vertical shear is the alzyebraic sum of all the external vertical forces 
on one side of the section considered. It is equal to the reaction of one sup- 
port, considered as a force acting upward, minus the sum of all the vertical 
downward forces acting between the support ard the section. 

The resisting moment = algebraic sum of all the moments of the inter- 
nal horizontal stresses at any section with reference to a point in that sec- 


tion, = = in which S = the horizontal unit stress, tensile or compressive 


as the case may be, upon the fibre most remote from the neutral axis, c = 
the shortest distance from that fibre to said axis. and J = the moment of 
{inertia of the cross-section with reference to that axis. 

The bending moment M is the algebraic sum of the moment of the ex- 
ternal forces on one side of the section with reference to a point in that sec- 
tion = moment of the reaction of one support minus sum of moments of 
loads between the support and the section considered. 

ives 
c 


( 
The bending moment is a compound quantity = product of a force by the 
distance of its point of application from the section considered, the distance 
being measured on a line drawn from the section perpendicular to the' 
direction of the action of the force. = 
Concerning the above formula, Prof, Merriman, Eng. News, July 21, 1894, 
says: The formula just quoted is true when the unit-stress S on the part of 
the beam farthest from the neutral axis is within the elastic limit of the 
material, It isnot true when this limit is exceeded, because then the neutral 
axis does not pass through the centre of gravity of the cross-section, and 
because also the different longitudinal stresses are not proportional to their 
distances from that axis, these two requirements being involved in the de- 
duction of the formula. But in all cases of design the permissible unit- 
stresses should not exceed the elastic limit, and hence the formula applies 
rationally, without regarding the ultimate strength of the material or any 
of the circumstances regarding rupture, Indeed so great reliance is placed 
upon this formula that the practice of ab beams by rupture has been 
almost entirely abandoned, and the allowable unit-stresses are mainly de- 
vived from tensile and compressive tests. 
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Formulz for Transverse Strength of Beams,.—Referring to 
table on eee pare, 

P = load at middle; 

W= total load, distributed uniformly; 

i = length, b = breadth, d = depth, in inches; 

E = modulus of elasticity; ; 

2 = modulus of rupture, or stress per square inch of extreme fibres 

J = moment of inertia; ; 

¢ = distance between neutral axis and extreme fibre. 


For breaking load of circular section, replace bd? by 0.59d3, 
For good wrought iron the value of F is about 80,000, for steel about 120,000, 


the percentage of carbon apparently having no influence. (Thurston, Iron 


and Steel, p. 491). : 

For cast iron the value of R varies greatly according to quality. Thurston 
found 45,740 und 67,980 in No, 2 and No. 4 cast iron, respectively. 

For beams fixed at both ends and loaded in the middle, Barlow, by experi- 
ment, found the maximum moment of stress = 1/6Pl instead of 1gPl, the 
result given by theory. Prof. Wood (Resist, Matls. p 155) says of this case: 
The phenomena are of too apes a character to\admit of a thorough and 
exact analysis, and it is probably safer to accept the results of Mr. Barlow 
in practice than to depend upon theoretical results, 


APPROXIMATE GREATEST SAFE LOADS IN LBS. ON 
STEEL BEAMS. (Pencoyd Iron Works.) 


Based on fibre strains of 16,000 lbs. for steel. (For iron the loads should be 
one-eighth less, corresponding to a fibre strain of 14,000]bs. per square inch.) 


L= length in feet between supports; @ = interior area in square 
A = sectional area of beam in square _ inches; 
inches; d = interior depth in inches. 


D = depth of beam in inches. w = working load in net tons, 


Greatest Safe Load in Pounds. Deflection in Inches, 
Shape of 
Section. Load in Load Load in Load 
Middle. Distributed. Middle. Distributed. 
Solid Rect- 890AD 17804 D wLs wLs 
angle. L L 82.4 D? 524 D2 
- HollowRect- 890(.4 D—«ad) 1780-4 D—ad) wLs wLs 
angle. L L 32(4D2—ad?) | 52(4D2—ad4) 
Solid Cylin-| 667 4D ee ws ws 
der. DF, L 244A D2 884D2 
_ Hollow 667(4D—ad) | 1333(AD—ad) wLs wLs 
Cylinder. ae ae ¥ Ub 24(4D?2—ad®) 38(4D2—ad2) . 
Even-legged 8854 D 1770AD wis wi 
Angle or a Seah rapist 
Tee. L L 324D2 52.4D) 
Channel or | 15254D 3050.4 D wLs ws 
Z bar. L L 53.4 D2 85AD2 
, 1380.4 D 2760AD wl wLls 
_ Deck Beam. Pe = Pare BO0AD2 80AD2 
16954D 33904D wLs wLs 
1Beam. iB L 84D? 93AD? 


I ; I Ill IV Vv 
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The above formule for the strength and stiffness of rolled beams of va- 
rious sections are intended for convenient application in cases where 
strict accuracy is not required, , 

The rules for rectangular and circular sections are correct, while those for 
the flanged sections are approximate, and limited in their application to the 
standard shapes as given in the Pencoyd tables. When the section of any 
beam is increased above the standard minimum dimensions, the flanges re- 
qioining unaltered, and the web alone being thickened, the tendency will be 
for the load as found by the rules to be in excess of the actual; but within 
the limits that it is possible to vary any section in the rolling, the rules 
will apply without any serious inaccuracy. 

The calculated safe loads will Le approximately one half of loads that 
would injure the elasticity of the materials. 

The rules for deflection apply to any load below the elastic limit, or less 
than double the greatest sate load by the rules. 

If the beams are long without lateral support, reduce the loads for the 
tatios of width to span as follows: 

Proportion of Calculated Load 


Length of Beam. forming Greatest Safe Load. 
20 times flange width, Whole calculated load. 
80 “ “ee ee 9-10 A 6 
40 “oe “ “sc 8-10 “ “ 
50 « “ 6 710 “ “o 
60 “ oe oe 6-10 “ “oe 
70 “ “oe “oe 5-10 “ “oe 


These rules apply to beams supported at each end. For beams supported 
otherwise, alter the coefficients of the table as described below, referring to 
the respective columns indicated by number. 


Changes of Coefficients for Special Forms of Beams, 


Coefficient for Safe Coefficient for Deflec- 
Kind of Beam. Load, tion, 


Fixed at one end, loaded|Qne fourth of the coeffi- |One sixteenth of the co- 
at the other. cient, col, II. efficient of col. IV. 


Fixed at one end, load |One fourth of the coeffi- |Five forty-eighths of the 
evenly distributed. cient of col. IIL. coefficient of col. V. 


Both ends rigidly fixed, |Twice the coefficient of |Four times the coefti- 
or a continuous beam, | col. II. cient of col. IV. 
with a load in middle. 


Both ends rigidly fixed, |One and one-half times |Five times the coefficient 
or a continuous beam,| the coefficient of col.| of col. V. 
with load evenly dis-| III. 
tributed. 


oe SERS Be eee es ose Ee) 
ELASTIC RESILIENCE, ; 
In a rectangular beam tested by transverse stress, supported at the ends 
and loaded in the middle, 


in which, if P is the load in pounds at the elastic limit, R = the modulus of 
transverse strength, or the strain on the extreme fibre, at the elastic limit, 
#= modulus of elasticity, A = deflection, 1, b, and d= length, breadth, and 
depth in inches, Substituting for P in (2) its value in (1), we have 

aul z? 
6 Ha’ 
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The elastic resilience = half the product of the load and deflection = 14PA 
and the elastic resilience per cubic inch 
pep ice 
” 2 lbd 
Substituting the values of P and A, this reduces to elastic resilience per 


2 
eubic inch = x =e which is independent of the dimensions; and therefore 
_ the elastic resilience per cubic inch for transverse strain niay be used as @ 
' modulus expressing one valuable quality of a material. 

Similarly for tension; 


Let P = tensile stress in pounds per square inch at the elastic limit; 
e = elongation per unit of length at the elastic limit; 
£ = modulus of elasticity = P + e; whence e = P+ EF. 


Then elastic resilience per cubic inch = 4Pe = 


= al 


1p 

2° 

BEAMS OF UNIFORM STRENGTH THROUGHOUT 
THEIR LENGTH, 


The section is supposed in all cases to be rectangular throughout. The 
beams shown in plan are of uniform depth throughout. Those shown im 
elevation are of uniform breadth throughout. 

B = breadth of beam. D = depth of beam. 


ELEVATION: Fixed at one end, loaded at the other; 

g curve parabola, vertex at loaded end; BD? 

oe to distance from loaded end. 

ihe beam may be reversed; so that the up- 

per edge is parabolic, or both edges may be 
parabolic. 


Fixed at one end, loaded at the other; 
triangle, apex at loaded end; BD? propor- 
tional to the distance from the loaded end. 


Fixed at one end; load distributed; tri- 
angle, apex at unsupported end; BD? pro- 
portional to square of distance from unsup- 
ported end. 


Fixed at one end; load distributed; curves 
two parabolas, vertices touching each other 
at ype petied end; BD? proportional to 
distance from unsupported end. 


Supported at both ends; load at any one 
point; two parabolas, vertices at the points 
of support, bases at point loaded; BD? pro- 
portional to distance from nearest point of 
support. The upper edge or both edges 
may also be parabolic. 


Supported at both ends; Joad at any. one 
point; two triangles, Apis at points of sup- 
port, bases at point loaded; BD? propor- 
tional to distance from the nearest point of 
_ support. 

Supported at both ends; load distributed; 
curves two parabolas, vertices at the middle 
of the beam; bases centre line of beam; BD? 
proportional to product of distances from 
Points of support. 


Supported at both ends; load distributed; 
curve semi-ellipse; BD? proportional to the 
product of the distances from the points of 
support, 


ate 
« 
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PROPERTIES OF ROLLED STRUCTURAL STEEL. 
Explanation of Tables of the Properties of I Beams, 


Channels, Angles, Deck-Beams, Bulb Angles, Z Ears, 
Tees, Trough and Corrugated Plates, 


(Toe Carnegie Steel Co., Limited.) 


The tables for I beams and channels are calculated for all standard 
weights to which each pattern is rolled. The tables for deck-beams and 
angles are calculated for the minimum and maximum. weights of the 
various shapes, while the properties of Z bars are given for thicknesses 
differing by 1/16 inch, 2 

For tees, each shape can be rolled to one weight only. 

Column 12 in the tables for I beams and channels, and column 9 for 
deck-beams, give coefficients by the help of which the safe, uniformly 
distributed load may be readily determined. To do this, divide the coeffi- 
cient given by the span or distance between supports in feet. 1f the weight 
of the deck-beams is intermediate between the minimum and maximum 
weights given, add to the coefficient for the minimum weight the value given 
for one pound increase, of weight multiplied by the number of pounds 
the section is heavier than the minimum. 

If a section ig to be selected (as will usually be the case), intended to carry 
a certain load for a length of span already determined on, ascertain the 
coefficient which this load and span will require, and refer to the table for a 
section having a coefficient of this value. The coefficient is obtained by mul- 
tiplying the load, in pounds uniformly.distributed, by the span length in feet. 

In case the load is not uniformly distributed, but is.concentrated at the 
middle of the span, multiply the load by 2, and then consider it as uniformly 
distributed, The deflection will be 8/10 of the deflection for the latter load, 

For other cases of loading obtain the bending moment in ft.-lbs.; this 
multiplied by 8 will give the coefficient required. Sepa 

If the loads are quiescent, the coefficients for a fibre stress of 16,000 lbs. 
per square inch for steel may be used; but if moving loads are to be pro- 
vided for, a coefficient of 12,500 lbs. should be taken. Inasmuch as the effects 
of impact may be very considerable (the stresses produced in an unyielding 
inelastic material by a load suddenly applied being double those produced 
LM the same load in a quiescent state), it will sometimes be advisable to use 
still smaller fibre stresses than those given in the tables. In such cases the 
coefficients may be determined by proportion. Thus, for a fibre stress of 
8,000 lus. per square inch the coefficient will equal the coefficient for 16,000 
Ibs. fibre stress, from the table, divided by 2. 

The section moduli, column 11, are used te determine the fibre stress per 
Square inchin a béam, or other shape, subjected to bending or transverse 
stresses, by simply dividing the bending moment expressed in inch-pounds 
by the section modulus. 

In the case of T shapes with the neutral axis parallel to the flange, there 
will be two section moduli, and the smaller is given. The fibre stress cal- 
culated from it will, therefore, give the larger of the two stresses in the 
extreme fibres, since these stresses are equal to the bending moment divided 

’ by the section modulus of the section. 

For Z bars the coefficients (C) may be applied for cases where the bars are 
subjected to transyerse loading, as in the case of roof-puriliris. 

For angles, there will be two section moduli for each position of the neutral 
axis, since the distance between fhe neutral axis and the extremé fibres has , 
a different value on one side of the axis from what it has on the other. The 
section modulus given in the table is the smaller of these two values. 

Column 12 in the table of the properties of standard channels, giving the 
distance of the center of gravity of channel from the outside of web, is used 
to obtain the radius of gyration for columns or struts consisting of two 
channels latticed, for the case of the neutral axis passing through the centre 
of the cross-section parallel to the webs of the channels. This radius of 
gyration is equal to the distance between the centre of gravity of the chan- 
nel and the centre of the section, i.e., neglecting the moments of inertia of 
the channels around their own axes, thereby introducing a slight error on 
the side of safety. 

(for much. other important information concerning rolled structural 
shapes, see the ‘‘ Pocket Companion” of The Carnegie Steel Co., Limited, - 
Pittsburg, Pa., price $2.) : 


‘ 
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Properties of Carfiegie Standard I Beams-—Steel. 
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STRENGTH OF MATERIALS, 


Properties of Special I Beams-—Steel. 
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Properties of Carnegie Trough Plates—Steel, 
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Properties of Carnegie Corrugated Plates—Steel. 
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Properties of Standard Channels—Steel. 
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Carnegie Deck-beams, 
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STRENGTH OF MATERIALS, 


Properties of Standard and Special Angles of Minimum 


and Maximum Thicknesses and Weights. 


ANGLES WITH EQUAL LEGS. 
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PROPERTIES OF ROLLED STRUCTURAL STEEL, 


Properties of Standard ana Special Angles of Minimum 


and Maximum Thickness and Weights, 
ANGLES WITH UNEQUAL LEGS. 
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280 STRENGTH OF MATERIALS. 


Properties of Carnegie Z Bars. 


(For dimensions see table on page 178.) 
ST 


1|2 3 4 5 6 7 8 9 10 11 12 
3.0 | Bud | Guo | Sud |eowt| aud | a4 onal ea ' 
See | 253 | Se [E58 |"32 |S |" | B88 | ss 
$ '} gOS] Og} C8] Os g5g| 502/82 | Heng | bag 
S 5 | sak) Som bs Fey eae een Oh eS ea ean] aes Shans bast ' 
gle) £ | E53] S82 | S82 | S52 | 52 | PSE E8 [eee Eee 
s|s| 8 |S88/888| S88 |Seelbcs |G8e1e".| 825 |"8eq 
SB) 8) 2 088 ods | PS! |RSe | o82 ods lasik | Sean | Saag 
aq] 3 ore} ofS) a Pla 8) oT a) o- gs] ope ofS oFs ; 
2| S| ¢ |##5| dks |S5| S88 Shs |shs|se2/esce lyase 
s SEs | Oa oe | Ord. 
3 2 & oom go 3am 3 © | ge | B40 gma Bh Rs Beas 
Ibs, | eq. in I Ss Ss r r r C Cc! : 
Zi |15.6} 4.59) 25.32) 9.7% 8.44] 2.75 | 2.35 | 1.41 | 0.83 | 90,000} 67,500 i 
* 118.3) 5.39) 29.80} 10.95] 9.83) 3.27 | 2.85 | 1.43 | 0.84 | 104,800 | 78,600 ; 
“121.01 6.19} 34.86] 12.87) 11.22] 3.81 | 2.36 | 1.44 | 0.84 119,700 | 89,800 . 
Z2 |22.7| 6.68} 34.64) 12.59] 11.55} 3.91 | 2.28 | 1.387 | 0.81 123,200'| 92,400 
“* 125.4] 7.46) 38.86] 14.42] 12.82) 4.43 | 2.98 | 1.39 | 0.82 | 186,700 102,600 ; 
“ 128.0) 8.25) 48.18} 16.34) 14.10] 4.98 | 2.29 | 1.41 | 0.84 | 150,400 112,800 | 
Z3 }29.3) 8.63) 42.12) 15.44) 14.04] 4.94 | 2.21 | 1.34 | 0.81 | 149,800 | 112,300 ) 
** 32.0] 9.40) 46.13) 17.27] 15.22] 5.47 | 2.22 | 1.36 | 0.82 | 162.300 | 121,800 
‘© 134.6] 10.17] 50.22] 19.18] 16.40] 6.02 | 2.92 | 1.37 | 0.83 174,900 | 131,200 
Z4 /11.6) 3.40) 18.86) 6.18) 5.34] 2.00 | 1.98 | 1.85 | 0.75 | 57,000} 42,700 
“ 113.9) 4.10) 16.18) 7.65] 6.39] 2.45 | 1.99 | 1.37 | 0.76 | 68,200] 51,100 
** 116.4] 4.81) 19.07) 9.20) 7.44] 2.92 ] 1.99 | 1.88 | 0.7 79,400 | 59,500 
Z5 17.8} 5.25) 19.19] 9.05) 7.68] 3.02 | 1.91 | 1.81 ) 0.74 | 81,900; 61,400 
** 120.2] 5.94) 21.83) 10.51! 8.62) 3.47 | 1.91 | 1.83 | 0.75 | 91,900} 69,000 
“* 122.6] 6.64) 24.53) 12.06] 9.57] 8.94 | 1.92 | 1.85 | 0.76 | 102,100] 76,600 
Z6 \23.7) 6.96' 23.68) 11.37; 9.47) 3.91 | 1.84 | 1.28 | 0.73 | 101,000 75,800 
© 126.0) 7.64} 26.16) 12.83) 10.34] 4.37 | 1.85 | 1.30 | 0.75 | 110,300] 82,71 
© 128.3) 8.33) 28.70) 14.36] 11.20} 4.84 | 1.86 | 1.31 | 0.76 | 119,500} 89,600 
Z7 | 8.2| 2.41] 6.28) 4.23) 3.14] 1.44 | 1.62 | 1.33 | 9.67 | 33,500] 25,100 
“* 110.8] 3.03) 7.94] 5.46} 3.91! 1.84 | 1.62 | 1.34 | 0.68 | 41,700] 81.300 
“112.4{ 3.66) 9.68) 6.77] 4.67] 2.26 | 1.62 | 1.36 | 0.69 | 49,800] 87,400 
ZB |13.8) 4.05) 9.66) 6.73) 4.83] 2.87 | 1.55 | 1.29 | 0.66 | 51,500! 388,600 
** 115.8] 4.66) 11.18] 7.96) 5.50) 2.77 | 1.55 | 1.31 | 0.67 | 58,7 44, 
LT OY 5.4 | 12% 9.26) 6.18] 3.19 | 1.55 | 1.83 | 0.69 | 65,900] 49,400 
Z9 |18.9| 5.55) 12.11) 8.78) 6.05} 8.18 | 1.48 | 1.25 | 0.66 | 64,500] 48,400 
““ 120.9) 6.14] 13.52) 9.95) 6.65] 3.58 | 1.48 | 1.27 | 0.67 70,900 | 53,200 
“°122.9) 6.75) 14.97) 11.24] 7.261 4.00 | 1.49 | 1.29 | 0.69 77,400 | 58,100 
7 
Z10| 6.7) 1.97) 2.87) 2.81) 1.92] 1.10 | 1.21 | 1.19 | 0.55 | 20,500} 15,400 
“1 8.4] 2.48) 3.64) 3.64] 2.38) 1.40 | 1.21 | 1.21 | 0.56 | 25,400] 19,000 
Z11} 9.7) 2.86} 8.85] 3.92) 2.57] 1.57 | 1.16 | 1.17 | 0.55 | 27,400] 20,600 
11.4] 8.36) 4.57) 4.75) 2.98) 1.88 | 1.17 | 1.19 | 0.56 | 31,800} 23,800 
Z12/12.5) 8.69) 4.59) 4 85} 3.06) 1.99 | 1.12 | 1.15 | 0.55 | 82,600] 24,500 
™ 114.2) 4.18) 5.26) 5.70) 3.43) 2.31 | 1.12 |] 1.17 | 0.56 | 36,600 7,400 


Dimensions of lightest weight bars of each size: Z1, Z2, and Z3, depth of 
web 6 in., width of flange 814 in., thickness of metal respectively 34, 9/16, 
and 34 in.; Z4, Z5, Z6, 5 « 8144 x 5/16, 4, and 11/16 in.; Z7, Z8, Z9, 4 x 3 1/16 
x 4, 7/16, and 5 in.; Z10, Z11, Z12, 3 X 211/16 X 4, 34, aud 4 in. Hach 
dimension is increased 1/16 in. in the next heavier weight. ' 


sila centiineliba italia 
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FLOORING MATERIAL. 


For fire-proof flooring, the space between the floor-beams may be spanned 
with brick arches, or with hollow brick made especially for the purpose, the 
latter being much lighter than ordinary brick, 

Arches 4 inches deep of solid brick weigh about 70 lbs. per square foot, 
including the concrete levelling material, and substantial floors are thus 
made up to 6 feet span of arch, or much greater span if the skew backs at 
the springing of the arch are made deeper, the rise of the arch being prefer- 
ably not less than 1/10 of the span. Hollow brick for floors are usually in 
depth about 14 of the span, and are used up to, and even pr eceee spans 
of 10 feet. The weight of the latter material will vary from 20 Ibs. per 
square foot for 3-foot spans up to 60 lbs. per square foot for spans of 10 feet. 
Full particulars of this construction are given by the manufacturers. For 
supporting brick floors the beams should be securely tied with rods to resist 
the lateral pressure. 

In the following cases the loads, in addition to the weight of the floor 
itself, may be assumed as: 


For street bridges for general public traffic........ 80 Ibs. per sq. ft. 
For floors of dwellings ....... .......++.+.-- eee p, SOS MOB a th Sellbee 
For churches, theatres, and ball-rooms Sisson GUD Ee st bereenee 
BOK HAVAOKUS nies trie stua nina bmi asia ntas sine hotecirag SONGS. yes isy 
WOF'SUOPAROOL SEAN, cian cine hiominates a qcteiveicicie= a niciel> 100/‘Tbs, 3) oS*e 
For warehouses and general merchandise......... 250 Ibs, Sf. <8 
Mow TACLOVICS ans oan coca ne lore eon ee ete anes 200to 400lbs. “* 
For snow thirty inches deep...... SEAS aes 1091.19]: en Sen GY 
For maximum pressure of wind ................-- DO TOS tieasyo a 3 
ORS DIICH: WALISS «1c sicate c's 51a seers Selsleneee ac wane 112 lbs. per cu. ft. 
Borwmasonty walles.'. iicavdscmrotusonianen cee 116-144 lbs. SSNS 


Roofs, allowing thirty pounds per square foot for wind and snow: 
For corrugated iron laid directly on the purlins... 37 lbs. per sq. ft. 
For corrugated iron laid on boards,..........-.+-0+ OB Vo}: Bisa aa 
For slate nailed to laths............ OB he): Se enahe 
For slate nailed on boards. eres 


vy plastered below the rafters, the weight will be about ten pounds per 
square foot additional. 


TIE-RODS FOR BEAMS SUPPORTING BRICK 
ABCH 


Se 


The horizontal thrust of brick arches is as follows: 
1.5 Ws? 


RB = Pressure in pounds. per lineal foot of arch: 


W = load in pounds. per square foot; 
S = span of arch in feet; 
R = rise in inches. 


Place the tie-rods as low through the webs of the beams as possible and 
spaced so that the pressure of arches as obtained above will not produce a 
greater stress than 15,000 Ibs. per square inch of the least section of the bolt, 


TORSIONAL STRENGTH. 


Let a horizontal shaft of diameter = d be fixed at one end, and at the 
other or free end, at a distance = J from the fixed end, let there be fixed a 
horizontal lever arm with a weight = P acting at a distance = a from the 

_axis of the shaft so as to twist it; then Pa = moment of the applied force. 


Resisting moment = twisting moment = sv, in which S= unit shearing 


resistance, J = polar moment of inertia of the section with respect to the 
axis, and c = distance of the most remote fibre from the axis, in a cross- 
section. For a circle with diameter d, 


J=—33 c= led; 


5.1Pa 


3 
Pe =—= 6 = 5 = 196808; a=4/ a 
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For hollow shafts of external diameter d and internal diameter dy, 


, 4 3 
Pb) 29h Oh gas ipa hf se 
d d,4 g 
‘ ( * a) 
For a square whose side = d, 
ds 3 SJ _ dG CSS. Gas 
Sa e=d Vi Pet i Pa 4226 = 0.236d8S. 
For a rectangle whose sides are b and d, 
bas b8d ——— ST (bd3 + b3d)S 
= : =i 2 2+ a = 
J Cp ME EES c= 7b? + a2; a Pa éyR ya t 


The above formule are based on the supposition that the shearing resist- 
ance at any point of the cross-section is proportional to its distance from the 
axis; but this is true only within the elastic limit. I) materials capable of 
flow, while the particles near the axis are strained within the elastic limit 
those at some distance within the circumference may be strained nearly to 
the ultimate resistance, so that the total resistance is something greater _ 
than that calculated by the formule. (See Thurston, “ Matls. of Eng.,” Part | 
Tl. p. 527.) Saint Venant, finds for square shafts Pa = 0.208d8S (Cotterill, 

“ Applied. Mechanics,” pp. 348, 355). For working strength, however, the 
formule may ve used, with S takeu at the safe working unit resistance. 

For a rectangle, sides b (onger) and q (shorter) and area A, 


Fo = oor 16a" 

The, ultimate torsional shearing resistance,S is about the same as the di- 
rect shearing resistance. and may be taken at 20,000 to 25,000 Ibs. per square 
inch for cast iron, 45,000 lbs. for wrought iron, and 50,000 to, 150,000 Ibs, for 
steel, according to its carbon and temper. Large factors of safety should 
be taken, especially when the direction of stress is reversed, as in reversing 
engines, and when the torsional stress is combined with other stresses, as is 
usual in shafting. (See “Shafting.’’) 

Elastic Resistance to Torsion,—Let / = length of bar being 
twisted, d = diameter, P= force applied at the extremity of a lever arm 
of length = a, Pa = twisting moment, G = torsional modulus of elasticity, 
6 = angle through which the free end of the shaft is twisted, measured in 
arc of radius = 1. 

For a cylindrical shaft 


A 2, é 
Pa = SO, oe 2 Bee) % = 10.186, 
_Ifa= angle of torsion in degrees, 
pas. 2%. om 1800 as 180 x 32Pal _ 583.6Pal 
180’ 7 widtG ase 


The value of @ is given by different authorities as from \% to 2/5 of H, the 
modulus of elasticity for tension. 

COMBINED STRESSES. : 
(rom Merriman’s ‘‘Strength of Materials.’’) 

Combined Tension and Flexure,—Let 4 = the area of a bar 
subsected to both tension and flexure, P= tensile stress applied at the ends 
pP-— 4 = unit tensile stress, § = unit stress at the fibre on the tensile side mos 
remote from the neutral axis, due to flexure alone, then maximum tensile 
unit stress = (P+ A)+ 8. A beam to resist combined tension and flexure 
should be designed so that (P+ A) + S shall not exceed the proper allow- 
able working unit stress, 3 

Combined Compression and Flexure.—If P+ A= unit stress 
due to compression alone, and S = unit compressive stress at fibre most 
remote froui neutral axis; due to flexure alone, then maximum compressive 
unit stress = (P+ A)+S. 

Combined Tension (or Compression) and Shear.—If ap< 


STRENGTH OF FLAT PLATES, 283 


plied tension (or compression) unit stress = p, applied shearing unit stress 
= v, then from the combined action of the two forces 2 


Max. $= + 7v?-+144p?, Maximum shearing unit stress; 
Max. t = 4p + Vv2 + 144p?, Maximum tensile (or compressive) unit stress, 


' Combined Flexure and: Torsion.—If S = greatest unit stress 
due to flexure alone, and Ss = greatest torsiona] shearing unit stress due to 
torsion alone, then for the combined stresses 


Max, tension or compression unit stress t = 14S'+ Ss? + 148?; 
Max. shear s = + Ss? + 1483. 


Formula for diameter of a round shaft subjected to transverse load while 
transmitting a given horse-power (see also Shafts of Engines): 
qs — 16M - Vv 2f% , 402,500,000H? 


nt 12 nt 


where M = maximum bending moment of the transverse forces in pound- 
inches, H = horse-power transmitted, n = No, of revs. per minute, and t = 
the safe allowable tensile or compressive working strength of the material. 

Combined Compression and Torsion.—For a vertical round 
shaft carrying a load and also transmitting a given horse-power, the result- 
ant maximum compressive unit stress 

4P H? 16P2 
t= aa t A P00 age + pat 


in which Pis the load. From this the diameter d may be found when t and 
the other data are given. 

Stress due to Temperature.—Let / = length of a bar, A = its sec- 
tional area, c = coefficient of linear expansion for one degree, t = rise or 
fall in temperature in degrees, H = modulus of elasticity, A the change of 
acne due to the rise or fall t; if the bar is free to expand or contract, A = 
ctl. 


If the bar is held so as to prevent its expansion or contraction the stress 
produced by the change of temperature = S = ActH. The following are 
average values of the coefficients of linear expansion for a change in temper- 
ature of one degree Fahrenheit:: | 

‘For brick and stone....a@ = 0.0000050, 

For cast iron........... 

For wrought iron...... 
Wor Steel noi ccweie'e a's ve 


The stress due to temperature should be added to or subtracted from the 
stress caused by other external forces according as it acts to increase or to 
relieve the existing stress. 

What stress will be caused in a steel bar 1 inch square in area by a change 

f temperature of 100° F.? S = ActE =1%X .0000065 x 100 x 30,000,000 = 
$5 500 lbs. Suppose the bar is under tension of 19,500 lbs, between rigid abut- 
ments before the change in temperature takes place, a cooling of 100° F. 
will double the tension, and a heating of 100° will reduce the tension to zero, 


STRENGTH OF FLAT PLATES, 
For a circular plate supported at the edge, uniformly loaded, according to 


Grashof, its 
i abe 5r2p , _ 6ft2 
ty f= 5p? af ee: D= Fa" 
_ Fora circular plate fixed at the edge, uniformly loaded, 

27" 0; 2D. aft. 
f=35 Ps 3 eo P=3,° 


_ in which f denotes the working stress; r, the radius in inches; ¢, the thick 
bess in inches; and p, the pressure in pounds per square inch. 
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For mathematical discussion, see Lanza, ‘‘ Applied Mechanics,” p. 900, etc. 
Lanza gives the following table, using a factor of safety of 8, with tensile 
strength of cast iron 20,000, of wrought iron 40,000, and of steel 80,000 : 


Supported. Fixed. 
Cast iron...........- t = .0182570r Vp t = .0163300r 4/p 
Wrought iron........ t = .0117850r 4/p = .0105410r 4/p 
Steel. ....-..22-0000-. t = .0091287r 4/p t = .00816497 4/p 


For a circular plate supported at the edge, and loaded with a concen- 
trated load P applied at a circumference the radius of which is 79: 


40 or P P 
‘Li 6 log 5 +1) =(o@ 
for 22. 2 = 10), ~ 720. 80>. 40), 2-505 
To 
c=407 5.00 5.53 5.92 6.22; 
as cP. fat nt2f 
t= he r= as 


The above formule are deduced from theoretical considerations, and give 
thicknesses much greater than are generally used in steam-engine cylinder- 
heads. (See empirical formule under Dimensions of Parts of Engines.) The 
theoretical formule seem to be based on incorrect or incomplete hypoth- 
eses, but they err in the direction of safety. 

The Strength of Unstayed Flat Surfaces.—Robert Wilson 
(Eng’g, Sept. 24, 1877) draws attention to the apparent discrepancy between 
the results of theoretical investigations and of actual experiments on the 
strength of unstayed fiat surfaces of boiler-plate, such as the unstayed flat 
crowns of domes and of vertical boilers. : 

Rankine’s “ Civil Engineering’ gives the following rules for the strength 
of a circular plate supported all round the edge, prefaced by the remark 
that “ the formula is founded on a theory which is only approximately tru 
but which nevertheless may be considered to involve no error of practi 
importance:” 


Wb _ Pb 
mapa Sanit" 
Here 3 
M = greatest bending moment ; : 
W = total load uniformly distributed = 7 a ct 


b = diameter of plate in inches ; 
P = bursting pressure in pounds per square inch. 


Calling t the thickness in inches, for a plate supported round the edges, 


1 Pb? 
evi 2+ - =— 7 2 
UM = 5 42,000bt?; se ag = 100007. 
For a plate fixed round the edges, vie 
2 Po? #2 x 63,000 ’ 
—— 2 ee Reheat 
rary ia 7000i?; whence P= a 


where r = radius of the plate. 
Dr. Grashof gives a formula from which we have the following rule: 


_ 2 X 72,000 
= Fagen at 


This formula of Grashof’s has been adopted by Professor Unwin in his 
‘‘Blements of Machine Design.” These formule by Rankine and Grashof 
may be regarded as being practically the same. 

On trying to make the rules given by these authorities agree with the 
results of his experience of the strength of unstayed flat ends of cylindrical 
boilers and domes that had given way after long use, Mr. Wilson was led to 
believe that the above rules give the breaking strength much lower than it 


EB 
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actually is. He describes a number of experiments made by Mr. Nichols of 

Kirkstall, which gave results varying widely from each other, as the method 

of supporting the edges of the plate was varied, and also varying widely 

from the calculated bursting pressures, the actual results being in all cases 
very much the higher. Some conclusions drawn from these results are: 

.__1, Although the bursting pressure has been found to be so high, boiler- 
makers must be warned against attaching any importance to this, since the 
plates deflected almost as soon as any pressure was put upon them and 
sprang back again on the pressure being taken off. This springing of the 

‘plate in the course of time inevitably results in grooving or channelling, 

- which, especially when aided by the action of the corrosive acids in the 
water or steam, will in time reduce the thickness of the plate, and bring 
about the destruction of an unstayed surface at a very low pressure. 

2. Since flat plates commence to deflect at very low pressures, they should 
never be used without stays; but it is better to dish the plates when they are 
not stayed by flues, tubes, ete. 

3. Against the commonly accepted opinion that the limit of elasticity 
should never be reached in testing a boiler or other structure, these experi- 
ments show that an exception should be made in the case of an unstayed 
flat end-plate of a boiler, which will be safer when it has assumed a perma- 
nent set that will prevent its becoming grooved by the continual variation 
of pressure in working. The hydraulic pressure in this case simply does 
what should have been done before the plate was fixed, that is. dishes it. 

4. These experiments appear to show that the mode of attaching by flange 
or by an iuside or outside angle-iron exerts an important influence on the 
manner in which the plate is strained by the pressure. 

When the plate is secured to an angle-iron, the stretching under pressure is, 
to a certain extent. concentrated at the line of rivet-holes, and the plate par- 
takes rather of a beam supported than fixed round the edge. Instead of the 
Strength increasing as the square of the thickness, when the plate is attached 
by an angle-iron, it is probable that the strength does not increase even 
directly as the thickness, since the plate gives way part a by stretching at 
the rivet-holes, and the thicker the plate, the less uniformly is the strain 

' borne by the different layers of which the plate may be considered to be 
made up, When the plate is flanged, the flange becomes compressed by the 
pressure against the body of the plate, and near the rim, as shown by the 

_ contrary flexure, the inside of the plate is stretched more than the outside, 
and it may be by a kind of shearing action that the plate gives way along 
the line where the crushing and stretching meet. 

5. These tests appear to show that the rules deduced from the theoretical 
investigations of Lamé, Rankine, and Grashof are not confirmed by experi- 
ment, and are therefore not trustworthy. 

“ee ee of Lamé, etc., apply only within the elastic limit. (Eng'g, Dec. 

5 iD. 

Unbraced Wroucght-iron Heads of Boilers, ete. (The Loco- 

_ motive, Feb. 1890).—Few experiments have been made on the So of 

_ flat heads, and our knowledge of them comes largely from theory. Experi- 

_ Tents have been made on small plates 1-16 of an inch thick, yet the data so 

_ obtained cannot be considered satisfactory when we consider the far thicker 

heads that are used in practice, although the results agreed well with Ran- 
kine’s formula. Mr. Nichols has made experiments on larger heads, and 
from them he has deduced the following rule: * To find the proper thick- 
ness for a flat unstayed head, muitiply the area of the head by the pressure 

r square inch that it is to bear safely, and multiply this by the desired 

= actor of safety (say 8); then divide the product by ten times the tensile: — 

_ strength of the material used for the head.” Hisrule for finding the burst- 

_ ing pressure when the dimensions of the head are given is: “ Multiply the 

_ thickness of the end-plate in inches by ten times the tensile strength of the 

-material used, and divide the product by the area of the head in inches.” 

In Mr. Nichols’s experiments the average tensile strength of the iron used 
for the heads was 44,800 pounds. The results he obtained are given below, 
with the calculated pressure, by his rule. for comparison. 

1, An unstayed flat boiler-head is 3444 inches in diameter and 9-16 inch 
pe What is its bursting pressure? The area of a circle inches in 

iameter is 935 square inches; then 9-16 X 44,800 x 10 = 252,000, and 252,000 = 
oye pounds, the calculated bursting pressure, The head actually burst 
at pounds. 

_ 2. Head 3446 inches in diameter and 3¢ inch thick. The area = 935 

Square inches; then, 3g x 44,800 x 10 = 168.000, and 168,000 + 935 = 180 pounds, 

culated bursting pressure. This head actually burst at 200 pounds. 
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3. Head '2614 inches in diameter, and 3¢ inch thick. The area 541 square 
inches. Then, 3% X 44,800 x 10 = 168,000, and 168,000 + 541 = 311 pounds, 
This head burst at 370 pounds, 

4. Head 2814 inches in diameter and if inch thick. The area = 638 
square inches; then, 34 x 44,800 x 10 = 168,000, and 168,000 = 638 = 263 
pounds. The actual bursting pressure was 300 pounds. 3 

In the third experiment, the amount the plate bulged under different 
pressures was as follows : é 


At pounds per sq. in.... 10 20 40 80 120 140 170 200 
Plate bulged.........00. 1/32 1/16 \% y% 36 ¥% 5% 34 


The pressure was now reduced to zero, “and the end sprang back 8-16 - 


inch, leaving it with a permanent set of 9-16 inch. The pressure of 200 lbs. 
was again applied on 36 separate occasions during an interval of five days, 
the bulging and permanent set being noted on each occasion, but without 
any appreciable difference from that noted above. 

The experiments described were confined to plates not widely different in 
their dimensions, so that Mr. Nichols’s rule cannot be relied upon for heads 
that depart much from the proportions given in the examples. ; 

Thickness of Flat Oast-iron Plates to resist Bursting 
Pressures.—Capt. John Ericsson (Church’s Life of Ericsson) xave the 
following rules: The proper thickness of a square cast-iron plate will be ob- 
tained by the following; Multiply the side in feet (or decimals of a foot) by 
¥4 of the pressure in pounds and divide by 850 times the side in inches; the 
quotient is the square of the thickness in inches. 5 

For a circular plate, multiply 11-14 of the diameter in feet by 4 of the 
pressure on the plate in pounds. Divide by 850 times 11-14 of the diameter 
in inches. [Extract the square root.] 

Prof. Wm. Harkness, Eiug’g News, Sept.5, 1895, shows that these rules can 
be put in a more convenient form, thus: 


For square plates 7'= 0.004958 1p, 
and 


For circular plates 7’ = 0.00439D 4p, 


where 7’ = thickness of plate, 9 = side of the square, D = diameter of the 
circle, and p = pressure in lbs, per sq.in. Professor Harkness, however, 
doubts the value of the rules, and says that no satisfactory theoretical solu- 
tion has yet been obtained. 

Strength of Stayed Surfaces.—A flat plate of thickness ¢ is sup. 

orted uniformly by stays whose distance from centre to centre is a, uniform 
oad p lbs. per square inch. Each stay supports pa? lbs, The greatest 
stress on the plate is 


2a? . 
pe jp” (Unwin). 
SPHERICAL SHELLS AND DOMED BOILER-HEADS. 


To find the Thickness of a Spherical Shell to resist a 
given Pressure.—Let d = diameter in inches, and p the internal press- 
ure per square inch. The total pressure which tends to produce rupture 
around the great circle will be 47d*p, Let S= safe tensile stress per 
square inch, and ¢ the thickness of metal in inches; then the resistance to the 
pressure will be rdtS. Since the resistance must be equal to the pressure. 


\nd%p = ndtS. Whence t = Pa 


The same rule is used for finding the thickness of a hemispherical head 
to a cylinder, as of a cylindrical boiler, 

Thickness of a Domed Head of a boiler.—If S = safe tensile 
stress per square inch, d = diameter of the shell in inches, and t = thickness 
of the shell, t = pd + 2S; but the thickness of a kemispherical head of the 
same diameter ist = pd+4S. Hence if we make the radius of curvature 
of a domed head equal to the diameter of the boiler, we shall have ¢ = 
“ = ne or the thickness of such a domed head will be equal to the thick- 


ness of the shell, 
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Stresses in Steel Plating due to Water-pressure, as in 
plating of vessels and bulkheads (Engineering, May 22, 1891, page 629), 

Mr, J. A. Yates has made calculations of the stresses to which steel plates 
a Pie by external water-pressure, and arrives at the following con- 
clusions ; : 

Assume 2a inches to be the distance between the frames or other rigid 
supports, and let d represent the depth in feet, below the surface of the 
water, of the plate under consideration, t = thickness of plate in inches, 
D the deflection from a straight line under pressure in inches, and P= stress 
per square inch of section. : 


For outer bottom and ballast-tank plating, a = £205 D should not ke 
greater than .05 =. and Snot greater than 2 to 2 tons ; while for bulkheads, 
ete., a = 2352 E D should not be greater than ae, and 2 not greater than 


7 tons. To illustrate the application of these formule the following cases 
have been taken : 


For Outer Bottom, etc. For Bulkheads, etc. 
Thick- Depth Spacing of Thick- Maximum Spac- 
ness of | below Frames should | ness of De pin of ing of Rigid 
Plating. | Water. . not exceed Plating f Stiffeners. 

ee staat oe Sea! teal 
in, ft. in. in, dye ft. in, 
20 About 21 20 9 10 
10 de 20. Kiet 
18 becca Fe) 10 14 8 
9 bcs.) AA 20 4 10 
10 Cpr ot) y 10 9 8 
4 5 a 40) i 10 4 10 


It would appear that the course which should be followed in stiffening 
bulkheads is to fit substantially rigid stiffening frames at comparatively 
wide intervals, and only work such light angles between as are necessary 
‘for making a fair job of the bulkhead, 


THICK HOLLOW CYLINDERS UNDER TENSION. 


Burr, “ Elasticity and Resistance of Materials,” p. 36, gives 
= thickness; r = interior radius ; 
h+p\? h = maximum allowable hoop tension at the 
t=r { aaa eG interior of the cylinder; 
2. p = intensity of interior pressure, 
Merriman gives 


8 = unit stress at inner edge of the annulus; 
r = interior radius ; ¢ = thickness ; t 
zt = length. 


t : 
The total stress over the area 2tl = 2sl ng s7onss Valle cecieite tie sult) 


The total interior pressure which tends to rupture the cylinder is 2rl x p. 
Wf p be the unit pressure, then p = i 2 , from which one of the quantities 
“, p, r, or ¢ can be found when the other three are given. 


_ pr+t), = @— ppt. bis Dis 
lem wet) r= Fea Seip 
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In eq. (1), if t be neglected in comparison with r, it reduces to 2slt, which 
is the same as the formula for thin cylinders. Ift =r, it becomes silt, or 
only half the resistance of the thin cylinder. K : : 

The formule given by Burr and by Merriman are quite different, as will 
be seen by the following example : Let maximum unit stress at the inner 
edge of the annulus = 8000 Ibs. per square inch, radius of cylinder = 4 inches, 
interior pressure = 4000 lbs. per square inch. Required the thickness. 


2 ‘ 
By Burr, t= 44 (S00 LA)" _ 1} = 4 (V5 — 1) = 2.928 inches. 
4x 4000 _,, 
By Merriman, ¢ = 3000 — 4000 = 4 inches. 


Limit to Useful Thickness of Hollow Cylinders (Eng’g, 
Jan. 4, 1884).—Professor Barlow lays down the law of the resisting powers 
of thick cylinders as follows : ph 

“In a homogeneous cylinder, if the metal is incompressible, the tension 
on every concentric layer, caused by an internal pressure, varies inversely 
as the square of its distance from the centre.” 

Suppose a twelve-inch gun to have walls 15 inches thick. 

Pressure on exterior 6? 
Pressure on interior 21? eto: 

So that if the stress on the interior is 124% tons per square inch, the stress 
on the exterior is only 1 ton. 

Let s = the stress 9n the inner layer, and s; that at adistance x from the 
axis ; 7 = internal radius, R = external radius. 


ri 
6,2 8t:7222%, or 3; 8 ae 
The whole stress on a section 1 inch long, extending from the interior to 
the exterior surface, is S= sr X ~ 
In a 12-inch gun, let s = 40 tons, r = 6 in., R= 21 in. 


s= 40x 6x 22° = rz tons. 
Suppose now we go on adding metal to the gon outside: then R. will be- 
come so large compared with r, that R —r will approach the value R, so 


that the fraction iat becomes nearly unity. 


Hence for. an infinitely thick cylinder the useful strength could never 
exceed Sr (in this case 240 tons), 

Barlow’s formula agrees with the one given by Merriman. 

Another statement of the gun problem is as follows: Using the formula 


st 
Pp = Tr +? 
¢=40tons, t= 15in.,r=6in.,p = on = 289 tons per sq. in., 284 x 


radius = 172 tons, the pressure to be resisted by a section 1 inch long of the 
thickness of the gun on one side. Suppose thickness were doubled, making 


80 
t = 30in.: p nse0 2 = 831 tons, or an increase of only 16 per cent, 


For short cast-iron cylinders, such as are used in hydraulic presses, it is 
doubtful if the above formule hold true, since the strength of the cylindri- 
cal nes is reinforced by the end. In that case the bursting strength 
would be higher than that calculated by the formula. A rule used in 
practice for such presses is to make the thickness = 1/10 of the inner cir- 
cumference, for pressures of 3000 to 4000 lbs. per square inch. The latter 
preveure would bring a stress upon the inner layer of 10,350 lbs. per square 

neh, as calculated by the formula; which would necessitate the use of the 
best charcoal-iron to make the press reasonably safe, : 
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THIN CYLINDERS UNDER TENSION. 


Let p = safe working pressure in lbs. per sq- in.; 
d = diameter in inches; 
T = tensile strength of the material, Ibs. per sq. in.; 
t = thickness in inches; 
Sf = factor of safety; i 
c = ratio of strength of riveted joint to strength of solid plate. 


Spd = 2T tc; pnile: t= 704 


df’ 2Tc 
If T= 50000, f=5, and c=0.7; then 
_ 14000¢ po) dp 
Pa = 14000 


The above represents the Strength resisting rupture along a longitudinal 
seam. For resistance to rupture in a circumferential seam, due to pressure 


on the ends of the cylinder, we have p = = a; 
4Ttc 
whence p = T: 


Or the strength to resist rupture around a circumference is twice as great 
as that to resist rupture longitudinally; hence boilers are commonly single- 
riveted in the circumferential seams and double-riveted in the longitudinal 
seams. 

HOLLOW COPPER BALLS. 


Hollow copper balls are used _as floats in boilers or tanks, to control feed 

and discharge valves, and regulate the water-level. 

They are spun up in halves from sheet copper, and a rib is formed on one 
alf. Into this rib the other half fits, and the two are then soldered or 
razed together. In order to facilitate the brazing, a hole is left on one side 

of the ball, to allow air to pass freely in or out; and this hole is made use of 
afterwards to secure the float to its stem. The original thickness of the 
metal may be anything up to about 1-16 of an inch, if the spinning is done 
on a hand lathe, though thicker metal may, be used when special machinery 
is provided for forming it. In the process of spinning, the metal is thinned 
down in places by stretching; but the thinnest place is neither at the equator 
of the ball (i.e., along the rib) nor at the poles. The thinnest points lie along 
two circles, passing around the ball parallel to the rib, one on each side of it, 
from a third to a half of the way to the poles. Along these lines the thick- 
ness may be 10, 15, or Re cent less than elsewhere, the reduction depend 
‘ing somewhat on the skill of the workman. 
The Locomotive for October, 1891, gives two empirical rules for determin- 
ing the thickness of a copper ball which is to work under an external 
pressure, as follows: 


1. Thickness = “i#meter in inches x pressure in pounds per sq. in. 
y 
2. Thickness = diameter x _4/pressure _ 
1240 


__ These rules Fine the same result for a pressure of 166 lbs, only. Example: - 
‘Required the thiclmess of a 5-inch copper ball to sustain 


_ Pressures of...... +--+» 50 100 150 166 200 250 Ibs. per sq. in. 
Answer by first rule... .0156 .0312 .0469..0519 .0625 .0781 inch. 
Answer by second rule .0285 .0403 .0494 .0518 .0570 .0637 ** 


: HOLDING-POWER OF NAILS, SPIKES, AND 
=n SCREWS, 


1) (A. W. Wright, Western Society of Engineers, 1881.) 
_ Spikes.—Spikes driven into dry cedar (cut 18 months): 


BBIRO OL SPIKES .\s. <ehis sine oa sep cienscealse mie 5X 4in.sq. 6x Wb6xXwW5EX % 
Length drivenin.... 0020. oc. esters seen 4% in. 5in, 5in. 434 in 
+ 857 821° 1691 1202 


Pounds resistance to drawing. Av'ge, Ibs. ee . alee 
| From 6 to 9 tests each......... 4 Max: (| one ee ile 
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A. M. Wellington found the force required to draw spikes 9/16 X 9/16 in., 
driven 414 inches into seasoned oak, to be 4281 lbs.; same spikes, etc., in un- 
seasoned oak, 6523 lbs. 

“Professor W,. R. Johnson found that a plain spike $¢ inch square 
driven 33% inches into seasoned Jersey yellow pine or unseasoned chestnut 
required about 2000 lbs. force to extract it; from seasoned white oak about 
4000 and from well-seasoned locust 6000 Ibs.” 

Experiments in Germany, by Funk, give from 2465 to 3940 Ibs. (mean of 
many experiments about 3000 Ibs.) as the force necessary to extract a plain 
¥-inch square iron spike 6 inches long, wedge-pointed for one inch and 
driven 41% inches into white or yellow pine. hen driven 5 inches the force 
required was about 1/10 part greater. Similar spikes 9/16 inches square, 7 
inches long, driven 6 inches deep, required from 3700 to 6745 lbs. to extract 
them from pine; the mean of the results being 4873 lbs. In all cases about 
twice as much force was required to extract them from oak. The spikes 
were all driven across the grain of the wood, When driven with the grain, 
spikes or nails do not hold with more than half as much force. 

Boards of oak or pine nailed together by from 4 to 16 tenpenny common cut 
nails and then pulled apart in a direction lengthwise of the boards, and 
across the nails, tending to break the latter in two by a shearing action, 
averaged tga 300 to 400 lbs. per nail to separate them, as the result of 
many trials, 

Resistance of Drift-bolts in Timber.—Tests made by Rust and 
Coolidge, in 1878, 


Pounds, 
ist Test. 1 in. square iron drove 80 in. in white pine, 15/16-in. hole..... 26,400 
ap we on Viv rounds Soy, ust aes 668 B/G ire Sts vipwi Oe 
Bde! = Hinvaquarer ts 0 PA18 Sse SOF PARAS PO/AG-In, 18 sscne 14,600 
4th ‘“* lin. round ‘ a QE aka re $6 18/16tins 7 $9. 22'5218,200 
bth => din round! — “84 * “ Norw’y pine,13/16-in. “* ....- 18,720 
6th fS. Sddinsisquares 61): te(/ 80) 6 E195 /16-En, hie cs 2 39,200 
Mhiss-b)Jinesquare i625 ots LB: Hest: (ios oath db/16-im wee 15,600 
8th “ lin. round ‘ Stn PRR is Sh Ss “  18/16-in. “ .....14,400 


Norz,—In test No, 6 drift-bolts were not driven properly, holes not being 
in line, and a piece of timber split out in driving. 
Force required to draw Screws out of Norway Pine. 


w” diam. drive screw 4 in. in wood. Power required, average 2424 Ibs. 

Y “4 threads per in. 5 in. in wood. e HS 3 2743 ‘* 
“ «  P’ble thr’d,3 per in.,4 in. in “ sh & ze 2730 ** 
“ “oe Lag-screw, vi per in., ae ee “ ee “ “ ‘ 1465 “ 
“ “ ‘ “ 6 “ “ “ oe “ oe ae 2026 “a 

¥ ich R.R. spike... ....-.-.- By rassse Ss s " os 2191 756 


Force required to draw Wood Screws out of Dry Wood, 
—Tests made by Mr. Bevan. The screws were about two inches in length, 
22 diameter at the exterior of the threads, .15 diameter at the bottom, the 
depth of the worm or thread being .035 and the number of threads in one 
inch equal 12. They were passed through pieces of wood half an inch in 
thickness and drawn out by the weights stated: Beech, 460 lbs.; ash, 790 
lbs.: oak, 760 Ibs.; mahogany, 770 Ibs. ; elm, 665 lbs.; sycamore, 830 lbs. 

Tests of Lag-screws in Various Woods were made by A. J. 
Cox, University of Iowa, 1891: 


. Size Max. ; 
. Size Length 5 No. 
Kind of Wood. Screw. Sever, in Tie. ee Tests, 


“ “ “ 


Seasoned white oak..........e+008 in. in. 44%in. 8037 3 
“ “ se one Aa aie a 
“ “te 


Yellow-pine stick... ...... s 4 ** — 3800 2 
White cedar, unseason ." ws“ 4 “ 3405 2 


In figuring aréa for lag-screws, the surface of a cylinder whose diameter is 
equal to that of the screw was taket. The length of the screw part in each 
case was 4 inches.—Engineering News, 1891. 

Cut versus Wire Nails.—Experiments were made at the Watertown 
Arsenal in 1893 on the comparative direct tensile adhesion, in pine and 
aces of cut and wire nails. The results are stated by Prof. W. H. Burr 
as follows: 
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There were 58 series of tests, ten pairs of nails (a cut and a wire nail in each) 
being used, making a total of 1160 nails drawn. The tests were made in 
spruce wood in most instances, but some extra ones were made in white 
pine, with “box nails.” Thenails were of all sizes, varying from 1 inches to 
6 inches in length. In every case the cut nails showed the superior holding 
strength by a large percentage. In spruce, in nine different sizes of nails, 
both standard and light weight, the ratio of tenacity of cut to wire nail 
was about 3 to 2, or, as he terms it, ‘‘a superiority of 47.45% of the former.’* 
With the “ finishing” nails the ratio was roughly 3.5 to 2; superiority 72%. 
With box nails (114 to 4 inches long) the ratio was roughly 3 to 2; superiority 
51%. The mean superiority in spruce wood was 61%. In white pine, cut nails, 
driven with taper along the grain, showed a superiority of 100%, and with 
taper across the grain of 135%. Also when the nails were driven in the end 
of the stick, i.e., along the grain, the superiority of cut nails was 100%, or the 
ratio of cut to wire was 2 to 1. The total of the results showed the ratio of 
tenacity to be about 3.2 to 2 for the harder wood, and about 2 to1 for the 
softer, and for the whole taken together the ratio was 3.5 to 2. We are 
led to conclude that under these circumstances the cut nail is superior to 
the wire nail in direct tensile holding-power by 72.74%. 


Nail-holding Power of Various Woods. 


(Watertown Experiments.) 
Holding-power per square inch of 
Surface in Wood, lbs. 


Kind of Wood. Size of Nail. 
Wire Nail, Cut Nail. Mean. 
8d 450 
9 % 455 
White pine..... .....+. ay 167 if 405 
363 
60 ‘* 340 
2; f 8 2 695 
Yellow pine...... Seeneeine as “ 318 fas 662 
z | 60 ‘* 604 
gts 1340 
- White oak .....+..-0+--- Hob eO) a , 940 1292 1216 
i 60 ** 1018 
be Chestnut :......--+0eer0 { ba " ie \ 683 
BLaurel...0 +s. Loe highs ui gee abe Loaner tay ipa 
A Nail-holding Power of Various Woods, 


(F. W. Clay’s Experiments. Eng’g News, Jan. 11, 1894.) 

: Wood ‘_——Tenacity of 6d nails——~ 
( ooG: Plain, Barbed. Blued. Mean. 
F White pine..........2. 608 eee tee een see 106 94 1 


35 111 

Yellow pine.. 190 130 270 196 
 Basswood..... 78 182 219 143 

' White oak.. 226 300 555 360 


(Eng’g News, September 26, 1891.) 
Round, Square. 


) ’ Lbs. bs. 
Average of all plain 1-in. bolts............ wacotee tite 8224 8200 
_ Average of all plain bolts, 54 to 134 in.. 7805 8110 
Average of all bolts..... .+.-.+.--+-2se0eee swab tice ot) S888 8598 


= Round drift-bolts should be driven in holes 18/16 of their diameter, and 


square drift-bolts in holes whose diameter is 14/16 of the side of the square. 
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STRENGTH OF WROUGHT IRON BOLTS. 
(Computed by A. F. Nagle.) 


Stress upon Bolt upon Basis of 


ais a 
am] wy ue o be be he e 
o3 |S, |ossiece A 5. o. ©. Ona he tks 
si | ea lsceiszs| “2 | 82 | ®e | #3 | Be [2e, 
go |28 |3s Of") ge | ge | #8 | #8 | 28 | sas 
Bs | Ba |eo3| Se 5 s¢|s¢|s¢|se| ge | és" 
36 8a2 oo Q Q Q RQ Q fee) 
aa | 4 Ag Ese S =} 3 = S 
lbs lbs lbs. lbs. Ibs. Ibs. 
13 .88| .12 350 | 460 | 580 810 | 1160 | 5800 
9-16} 12 44 215 50 600 750 1050 1500 7506 
56! 11 491 119 | 560 750 930 | 1310 | 1870-} 9000 
#4 10 -60 ¥ 1130 1410 1980 2830 14000 
%| 9 ‘711 | 139 | 1180 | 1570 | 1970 | 2760 | 3940 | 19000 
1 8 81 | .52 | 1550 | 2070 | 2600 | 3630 | 5180 | 25000 
1% 7 ‘91 | [65 | 1950 00 | 3250 | 4560 | 6510 | 30000 
1% bel pa tei a 2520 | 3360 | 4200 | 5900 | 8410 | 39000 
184 6 1.12 | 1.00 3000 4000 5000 7000 10000 46000 
1s 6 | 1.25 | 1.23 | 3680 | 4910 | 6140 | 8600 | 12280°| 56000 
1 546 | 1.85 | 1.44 4300 5740 7180 10000 14360 65000 
1% 5 1.45 | 1.65 4950 6600 8250 11560 16510 74000 
1% 5 0B 1595 5840 7800 9800 13640 19500 
2 446 | 1.66 | 2.18 6540 8720 10900 15260 21800 95000 
ay 414 | 1.92 | 2.88 | 8650 | 11530 | 14400 | 20180 | 28800.) 125000 
2 4 2.12") 3.55 10640 14200 17730 24830 35500 | 150000 
ZA 4 2.37 | 4.48 13290 17720 22150. 31000 44300 
3 844 | 2.57 | 5.20 15580 2077 26000 86360 52000 | 213000 
346 | 314 | 8.04 | 7.25 | 21760 | 29000 | 36260 | 50760 | 72500 | 290000 
4 3 | 3.50 | 9.62 | 28860 | 38500 | 48100 | 67350 | 96200 | 385000 


When it is known what load is to be put upon a bolt, and the judgment of 
the engineer has determined what stress is safe to put upon the iron, look 
down in the proper column of said stress until the required load is found. 
The area at the bottom of the thread will give the equivalent area of a flat 
bar to that of the bolt. 

Effect of Initial Strain in Bolts.—Suppose that bolts are used 
to connect two parts of a machine and that they are screwed up tightly be- 
fore the effective load comes on the connected parts. Let P, = the initial 
tension on a bolt due to screwing up, and P, = the load afterwards added. 
The greatest load may vary but little from P, or P,, according as the 
former or the latter is greater, or it may approach the value P, + Po, de- 

ending upon the relative rigidity of the bolts and of the parts connected. 
here rigid flanges are bolted together, metal to metal, it is probable that 
the extension of the bolts with any additional tension relieves. the initial 
tension, and that the total tension is P, or P,, but in cases where elastic 
packing, as india rubber, is interposed, the extension of the bolts may very 
little affect the initial tension, and the total strain may be nearly P, + Py . 
Since the latter assumption is more unfavorable to the resistance of the. 
bolt, this contingency should usually be provided for. (See Unwin, ‘' Ele- 
ments of Machine Design ” for demonstration.) 


STAND-PIPES AND THEIR DESIGN. 

(Freeman C. Coffin, New England Water Works Assoc., Eng. News, March 
16, 1898.) See also papers by A. H. Howland, Eng. Club of Phil. 1887; B. F, 
Stephens, Amer. Water Works Assoc., Eng. News, Oct. 6 and 13, 1888; W. 
Kiersted, Rensselaer Soc. of Civil Eng., Eng’g Record, April 25 and May 2, 
1891, and W. D. Pence, Hng. News, April and May, 1894. 

The eon of diameter is almost entirely independent of that of height. 
The efficient capacity must be measured by the length from the high-water 
line to a point below which it is undesirable to draw the water on account of 
loss of pressure for pentane whether that point is the actual bottom of 
the stand-pipe or above it. is allowable fluctuation ought not to exceed 
60 ft., in most cases. This makes the diameter dependent upon two condi- 
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tions, the first of which is the amount of the consumption during the ordi- 
nary interval between the stopping and starting of the pumps. This should 
never draw the water below a point that will give a good fire stream and 
leave a margin for still further draught for fires. The second condition is 
the maximum number of fire streams and their size which it is considered 
necessary to provide for, and the maximum length of time which they are 
ee to have to run before the pumps can be relied upon to reinforce 
them. 

Another reason for making the diameter large is to provide for stability 
against wind-pressure when empty. : 

The following table gives the height of stand-pipes beyond which they are 
not safe against wind-pressures of 40 and 50 lbs. per square foot, The area 
of surface taken is the height multiplied by one half the diameter. 


Heights of Stand-pipe that will Resist Wind-pressure 
by its Weight alone, when Empty. : 


Diameter, Wind, 40 lbs, Wind, 50 lbs, 
eet. per sq. ft. 
Cnom nadernet nett eens 35 
55 
80 
160 


To have the above degree of stability the stand-pipes must be designed 
with the outside angle-iron at the bottom connection. 

Any forrh of anchorage that depends upon connections with the side 
plates near the bottom is unsafe. By suitable guys the wind-pressure is re- 
sisted by tension in the guys, and the stand-pipe is relieved from wind 
strains that tend to overthrow it. The guys should be attached to a band 
of angle or other shaped iron that completely encircles the tank, and rests 
upon somé sort of bracket or projection, and not be riveted to the tank 
They should be anchored at a distance from the base equal to the height of 
‘the point at which they are attached, if possible. 

The best plan is to build the stand-pipe of such diameter that it will resist 
the wind by its own stability. 


Thickness of the Side Plates, : 


The pressure on the sides is outward, and due alone to the weight of the 
water, or pressure per square inch, and increases in direct ratio to the 
height, and also to the diameter. The strain upon a section 1 inch in height 
at any point is the total strain at that point divided by two—for each side is 

supposed to bear the strain equally. The total pressure at any point is 
equal to the diameter in inches, multiplied by the pressure per square inch, 
due to the height at that point. It may be expressed as follows: 
H = height in feet, and f = factor of safety; 
d = diameter in inches; 
:p = pressure in lbs. per square inch; 
.434 = p for 1 ft. in height; 
s = tensile strength of material per square inch; 
T = thickness of plate. 


Then the total strain on each side per vertical inch 
_ 434Hd _ pa. p= 484Haf _ pdf 
Srthdy QasEN Pe Ria ieee 


Mr. Coffin takes f = 5, not counting reduction of strengtli of joint, equiv- 
alent to an actual factor of safety of 2 if the strength of the riveted joint is 
taken as 60 per cent of that of the plate. 

' The amount of the wind strain per square inch of metal at any joint can 
be found by the following formula, in which 


H = height of stand-pipe in feet above joint; 
7 = thickness of plate in inches; 
p = wind-pressure per square foot: 

a W = wind-pressure per foot in height above joint; 

W = Dp where D is the diameter in feet; 

_ mu = average leverage or movement about neutral axis 
or central pojnts in the circumference; or, 

m = sine of 45°, or .707 times the radius in feet. 
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Then the strain per square inch of plate 
H 
(Hw) 


= ‘Cire. in ft. X mI" 


Mr. Coffin fires a number of diagrams useful in the design of stand-pipes, 
together with a number of instances of failures, with discussion of their 
probable causes. 

Mr. Kiersted’s paper contains the following : Among the most prominent 
strains a stand-pipe has to bear are: that due to the static pressure of the 
water, that due to the overturning effect of the wind on an empty stand- 
pipe, and that due to the collapsing effect, on the upper rings, of violent 
wind storms. : 

For the thickness of metal to withstand safely the static pressure of 
water, let 

# = thickness of the plate iron in inches; 
H = height of stand-pipe in feet; 
D = diameter of stand-pipe in feet. 


Then, assuming a tensile strength of 48,000 lbs. per square inch, a factor 
of safety of 4,:and efficiency of double-riveted lap-joint equalling 0.6 of the 
strength of the solid plate, neous 

” a 


t= 00086H XD; H=—gen-s 


which will give safe heights for thicknesses up to 5g to 34 of aninch. The 
same formula may. also. PH for greater heights and thicknesses within 
practical limits, if the joint efficiency be increased by triple riveting. 

The conditions for the severest overturning wind strains exist when the 
stand-pipe is empty. 

Formula for wind-pressure of 50 pounds per square foot, when 


d = diameter of stand-pipe in inches; 
# = any unknown height cf stand-pipe; 
2 = V80rdt = 15.85 at. 


The following table is calculated by these formule. The stand-pipe is 
intended to be self-sustaining; that is, without guys or stiffeners. 


Heights of Stand-pipes for Various Diameters and 
cknesses of Plates, : 


Thickness of Diameters in Feet. 
Plate in Frac- |—_,__ 


tions of anInch.| 5 | 6 | 7 | 8 | 9 | 10} 12 | 14 | 15 | 16 | 18 | 20 | 2 
BAGS wee scanner OOP BOT cies te te cl mien oemre fines 
T-BZe cee eee fsa at 60} 50)' 40} 40)....)....).... 
6 r eae eushe see” 70) 55) 50} 45) 40) 35) 85) 25 
BaIG sca sesee suse 85} 70} 60} 55) 50) 45) 40) 35 
G16 Wa ies sie 100) 85) 7%) 70). 65) 55) 50} 40 
TN}. 0s sccceces 115} 100] 85) 80) 75) 65) 60) 45 
B16... oc evee see 120) 115} 100} 90; 85} 75| 70} 55 
D-1B sie vevecesefsaee 180} 180} 110) 100} 95) 85] 80) 60 
10-16... cc cceevcee |e oes 135) 145] 120) 115) 105] 95) 85) 65 
MAG. Soo. 60 RS! At 145) 155} 135) 125) 120] 105) 95) 75 
WAG 5. Foie ae 150} 165) 145) 185) 130) 115) 105) 80 
WS-1G paces secs] sveclene lalewet sat loweedians 160} 150} 140) 125) 110) 90 
pS arc ty (ei ses ety Mier | ce) icraes erie rer 160} 150} 185) 120 
TB-160 sieisiec sce ie cele] oceans 160) 145} 130) 105 
WO“1Gs Pose cece soe [escelwomeleeerhccmel oe lsvsedueelcice lees elves 155{ 140| 110 


Heights to nearest 5 feet. Rings are to build 5 feet vertically. 


Failures of Stand=pipes have been numerous in recent years, A 
list showing 23 iniportant failures inside of nine years is given in a paper by 
Prof. W. D. Pence, Hng’g. News, April 5, 12, 19 and 26, May 3, 10 and 24, and 
J une 1894, His discussion of the probable causes of the failures is most 
valuable. 
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Kenneth Allen, Engineers Club of Philadelphia, 1886, gives the following 
rules for thickness of plates for stand pipes. 

‘Assume: Wrought iron plate T. S, 48,000 pounds in direction of fibre, and 
|, S. 45,000 pounds across the fibre. Strength of single riveted joint .4 that 
of the plate, and of double riveted joint, .7 that of the plate ; wind pressure 

' = 50 pounds per square foot ; safety factor = 3. 

Let h = total height in feet ; r = outer radius in feet ; 7’ = inner radius 
in feet ; p = pressure per square inch ; ¢ = thickness in inches ; d = outer 
diameter in feet. 

Then for pipe filled and longitudinal seams double riveted 


t pr X 12 _ hd, 
~ 48,000%.7xK%~ 4801’ 


and for pipe empty and lateral seams, single riveted, we have by equating 
moments : 


50 X 2r ny, = 144 x 6000 (#4 — 1/4) hats whence r#— 7/4 = 
2 r 


h? v2 
27144 
Table showing required Thickness of Bottom Plate. 


Height in Diameter. 
Feet. ay chia 
5 feet. |. 10 feet. | 15 feet. | 20 feet. | 25 feet. | 30 feet. 
iy ” u” “ a” w“ 
50 7-64* * 11-64* 15-64 19-64 23-64 
60 +11-64* 9-64* 7-32 9-32 28-64 27-64 
70 + 7-82 11-64* Yy 21-64 13-32 31-64 
80 +19-64 8-16 9-32 15-32 9-16 
90 + % 7-32 ~1 5-16 27-64 17-82 
100 +29-64 | +15-64 23-64 15-82 37-64 
125 23-64 7-16 37-64 47-64 yy 
150 +33-64 17-32 45-64 y 13 
175 411-16 89-64 13-16 | 1 1-82 | 1 7-32 


* The minimum thickness should = 3-16”, 
N.B.—Dimensions marked + determined by wind-pressure. 


Water Tower at Yonkers, N. Y.—This tower, with a pipe 122 feet 
high and 20 feet diameter, is described in Engineering News, May 18, 1892. 
he thickness of the lower rings is 11-16 of an inch, based on a tensile 
strength of 60,000 Ibs. per square inch of metal, allowing 65% for the strength 
of riveted joints, using a factor of safety of 34% and adding a constant of 
inch. The plates diminish in thickness by 1-16 inch to the last four | 
plates at the top, which are 4 inch thick. 

The contract for steel requires an elastic limit of at least 33,000 Ibs, per 
square inch ; an ultimate tensile strength of from 56,000 to 66,000 lbs, per 
square inch ; an elongation in 8 inches of at least 20%, and a reduction of 
area of at least 45%. The inspection of the work was made by the Pittsburgh 
Testing Laboratory. According to their report the actual conditions de- 
veloped were as follows: Elastic limit from 34,020 to 89,420; the tensile 
strength from 58,330 to 65,390 ; the elongation in 8 inches from 2244 to 82% 5 
reduction in area from 52.72 to 71.82% ; 17 plates out of 141 were rejected in 
the inspection, 

WROUGHT-IRON AND STEEL WATER-PIPES. 

Riveted Steel Water=pipes (Engineering News, Oct. 11, 1890, and 
Aug. 1, 1891.)—The use of riveted wrought-iron pipe has been common in 
the Pacific States for many years, the largest being a 44-inch conduit in 
connection with the works of the Spring Valley Water Co., which supplies 
San Francisco. The use of wrought iron and steel pipe has been neces- 
sary in the West, owing to the extremely high pressures to be withstood 
and the difficulties of transportation. As an example: In connection with 
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the water supply of Virginia City and Gold Hill, Nev., there was laid in 
ay Ay 11}¢-inch riveted wrought-iron pipe, a part of which is under a head 
Co) feet. 

In the East, the most important example of the use of riveted steel water 
pipe is that of the East Jersey Water Co., which supplies the city of Newark, 
The contract provided for a maximum high service supply of 25,000,000 gal- 
lons daily. In this case 21 mules of 48-inch pipe was laid, some of it under 340 
feet head. The plates from which the pipe is made are about 13 feet long 
by 7 feet wide, open-hearth steel. Four plates are used to make one section 
of pipe about 27 feet long. The pipe is riveted longitudinally with a double 
row, and at the end joints with a single row of rivets of varying diameter, 
corresponding to the thickness of the steel plates. Before being rolled into 
the trench, two of the 27-feet lengths are riveted together, thus diminishing 
still further the number of joints to be made in the trench and the extra 
excavation to give room for jointing, All changes in the grade of the pipe- 
line are made by 10° curves and all changes in line by 24, 5, 714 and 10° 
curves. To lay on curved lines a standard bevel was used, and the different 
curves are secured by varying the number of beveled joints used on a 
certain length of pipe. 

The thickness of the plates varies with the pressure, but only three thick- 
nesses are used, 14, 5-16, and 3¢ inches, the pipe made of these thicknesses 
having a weight of 160, 185, and 225 Ibs. per foot, respectively. At the works 
all the pipe was tested to pressure 14% times that to which it is to be sub- 
jected when in place. 

Mannesmann Tubes for High Pressures.—At the Mannes- 
mann Works at Komotau, Hungary, more than 600 tons or 25 miles of 3-inch 
and 4inch tubes averaging 4 inch in thickness have been successfully 
tested to a pressure of 2000 Ibs. per square inch. These tubes were intended 
for a high-pressure water-main in a Chilian nitrate district. 

This great tensile strength is probably due to the fact that, in addition to 
being much more worked than most metal, the fibres of the metal run 
spirally, as has been proved by microscopic examination. While cast-iron 
tubes will hardly stand more than 200 Ibs. per square inch, ard welded tubes 
are not safe above 1000 lbs. per square inch, the Mannesmann tube easily 
withstands 2000 Ibs. per square inch. The length up to which they can 
be readily made is shown by the fact that a coil of 3-inch tube 70 feet long 
was made recently. 

For description of the process of making Mannesmann tubes see Trans, 
A.I. M. E., vol. xix., 384 


STRENGTH OF VARIOUS MATERIALS. EXTRACTS 
FROM KIRKALDYW°S TESTS, 


The recent publication, in a book by W. G. Kirkaldy, of the results of many 
thousand tests made during a quarter of a century by his father, David Kir- 
kaldy, has made an important contribution to our knowledge concerning 
the range of variation in strength of numerous materials. A condensed 
abstract of these results was published in?the American Machinist, May 11 
— 18, 1893, from which the ollowing still further condensed extracts are 

aken: 

The figures for tensile and compressive strength, or, as Kirkaldy calls 
them, pulling and thrusting stress, are given in pounds per square inch of 
original section, and for bending Strength in pounds of actual stress or 
pounds per BD? (breadth x og lua of depth) for length of 36 inches between 
supports. The contraction of area is given as a percentage of the original 
area, and the extension asa percentage in a length of 10 inches, except when 
otherwise stated. The abbreviations T.S., E. L., Contr., and Ext. are used 
for the sake of brevity, to represent tensile strength, elastic limit, and per- 
centages of contraction of area, and elongation, respectively. 

Cast Iron.—44 tests: T. S. 15,468 to 28,740 pounds; 17 of these were un- 
sound, the strength ranging from 15,468 to 24,357 pounds. Average of all, 
23,805 pounds. 4 

Thrusting stress, specimens 2 inches lon » 1.34 to 1.5 in, diameter: 43 tests, 
all sound, 94,352 to 131,912: one, unsound, 93,759; average of all, 113,825. 

Bending stress, bars about 1 in. wide by 2 in. deep, cast on edge. Ulti- 
mate stress 2876 to 3854; sa per BD? = 725 to 892; average, 820. Average | 
modulus of rupture, R, = 3/2 stress per BD? X length, = 44,280, Iti 
deflection, .29 to .40 in.; average, .34 inch. os ‘ vie 

Other tests of cast iron, 46 tests, 16 lots from various sources, gave re- 


= 


4 


‘was only 26,52. 
The i 
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sults with total range as follows: Pulling stress, 12.688 to 33.616 pounds; 

thrusting stress, 66,363 to 175,%0 pounds; bending stress, per BD?. 35 to 

oop Lea Nae hes rupture, 2, 27,270 to 61,912. Ultimate defiection, 
i. inc ; 

The specim en which was the highest in thrusting stress was also the high- 

est in bending, and showed the greatest deflection, but its tensile strength 


in with the highest tensile strength had a thrusting stress of 
143.89, and a bending strength, per BD?, of 979 pounds with 0.41 deflection. 
The specimen lowest in T. S. was also lowest in thrusting and bending, but 
gave .38 deflection. The specimen which gave .21 deflection had T. S., 19,188; 
thrusting, 104.281; and bending, 561. 

Eron Castings.—69 tests; tensile ——— 10,416 to 31,662; thrusting 


Channel Irons.—Tests of 18 pieces cut from channel irons. T.S. 
40.693 to 53.141 pounds per square inch; contr. of area from 3.9 to 32.5 %. 
Ext. in 10in. from21to25<¢. The 
fibrous to 1004 ine. The 
5.3<ext., was 1002 crystalline; ree lowest T_ S_, 40,693, with 2.9 contr. and 


% * 

225 2 ext.. 17.3 to 32.5 contr.. and T. S. from 43,426 to 49,615. The fibrous 
frons are therefore of medium tensile strength and high ductility. The 
erystalline irons are of variable T. S.. highest to lowest. and low ductility. 

Lowmoor Iron Bars,—Three roliei bars 44 inches diameter; ten- 
sile tests: elastic, 23.200 to 24,200: ultimate, 50.875 to 51,905: contraction, 44.4 
to 42.5; extension, 29.2 to 24.3. Three hammered bars, 444 inches diameter, 
elastic 25,100 to 24.200; ultimate, 45.810 to 49.223; contraction, 20.7 to 46.5; 
extension. 10.8 to3L6. Fractures of all, 100 per cent fibrous. In the ham- 
jmered bars the lowest T. S. was accompanied by lowest ductility. 

Tron Bars, Various, —Of a lot of 80 bars of various sizes. some 
and some hammered (the above Lowmoor bars included) the lowest T. s. 
(except one) 40.98 inch, was shown_ by the Swedish 


. pounds per square 
, “hoop L” bar 3%4 inches diameter, rolied. Tis elastic limit was 19,150 


pounds: contraction 68.7% and extension 37.7% in 10 inches. It was also 
the most ductile of all the bars tested, and was 100 ¢ fibrous. The highest 
T. S. 60.780 pounds, with elastic limit, 29.400: contr., 36.6; and ext.. 2432, 
was shown by a “ Farnley” 2inch bar, rolled. It was also we fibrous. 


and high tensile strenzth- 
Locomotive Forgings, Iron.—i7 tests: average, E. L., 30,420; T.S., 
50.521: contr.. 36.5: ext. in inches, 3S 
Broken Anchor Forgings, Tron.— tests: averaze, E.L, 23835; 


T. S.. 40.083: contr. 3.0; ext. im 10 inches, 3.5. 


Kirkaldy places these two irons in contrast to show the difference between 
good and bad work. The broken anchor material, he says, is of a most 
treacherous character. and a disgrace to any manufacturer. 

fron Plate Girder.—Tensile tests of pieces cut from a riveted iron 
girder after twenty years’ service In & railway bridge. Top plate, 
of 3 tests. E. L., 26,600: T. S., 40.806; conir. 161; ext. in 10 inches, 78. 
aga emg average of 3 tests, E. L., 31,200; T. S., 44.288; contr., 13.3; ext. 
i i 63. Web-plate, average of 3 tests, E.L, 28.000; T. S_, 45,902; 
contr.. 15 9; ext. in 10 inches, 89. Fractures all fibrous. The results of 30 
ests from different parts of the girder prove that the iron has undergone 
no change during twenty years of use. e 

Steel Plates,—Six plates 100 inches long, 2 inches wide, thickness vari- 
ous, 2610 Stinch T.S., 54% to 60,905; E. L, 29,600 to 33,200; contr., 29 
to 59.5; ext.. 17.06 to 18.57. ‘ 

Steel dge Links,—4 links from Hammersmith Bridge, 1886. 
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sreatest Contraction . .... 
* Greatest Extension....... 


The ratio of elastic to ultimate strength ranged from 50.6 to 63.2 per cent; 
average. 56.9 per cent. 

Extension in lengths of 100inches. At 10,000 ibs. per'sq. in., .018 to 0245 
mean, 020 inch; at 20.000 Ibs. per sq. in. .049 to .063; mean, .055 inch: at 
30,000 Ibs. per sq. in., .083 to .100; mean, .090; set at 30,000 pounds per sa. in., 
Oto 02; mean, 0. 

The mean extersion between 10.000 to 30.000 Ibs. per sq_ in. increased regu- 
larly at the rate of .007 inch for each 2000 Ibs. per sq. in. increment of strain. 
This corresponds to a modulus of elasticity of 28,571.429. The least increase 
of extension for an increase of load of 20,000 Ibs. per sq. in., .065 inch, cor- 
responds to a modulus of elasticity of 30,769,231, and the greatest, .076 inch, 
girte cel Hails Speen ests, 5 feet be rts, f flange 

is.— Bending tests, 5 tween suppo: 11 tests o: 
Tails 72 pounds per yard, 4.63 inches high. 


Elastic stress. Ultimate stress. Deflection at 50,000 Ultimate 


Pounds. Pounds. Pounds. Deflection. 
Hardest. ... 34,200 60.960 3.24 ins. 8 ins. 
Softest .... 32,000 56,740 3.76 * gs 
Mean ...... 3278 59,209 3B ¢ es 


All uncracked at § inches deflection. 
Pulling tests of pieces cut from same rails. Mean results. 


Elastic Ultimate Contraction of 
Stress. Pounds. area of frac- Extension 


persq.in. persq. in. ture. in 10 ins, 
Top of rails.......... 44200 $3.110 19.9% 13.5% 
Botton of rails. ..... 40,900 TB 30.9% 2a 


Steel Tires,—Tensile tests of specimens cut from steel tires, 
; Krvuep STEen.—262 Tests. 


in 
EL T Contr, 5 inckes. 
i aetecie& = 69,2350 119,079 1.9 181 
OMG cs¥eienies 52,569 104,112 5 19.7 
Lowest ........ 41,700 ¥ 45.5 7 
Vickzrs, Sons & Co.—70 Tests. 
in 
Highest. A600 12. = 1S" te) 
ace, r 4 
Mia, one scien 51,066 101,264 17.6 i124 
Lowest.... .... 700 87,697 247 16.0 


Note the correspondence between Krupp’s and Vickers’ steels as to tex 
sile strength and elastic limit. and their great difference in contraction and 
elongation. sc ep ese | hee 22 per cent silky, 
dh aig ic ee Reo theatre , 7 per cent > $8 per cent granu- 
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| Steel Axles,—Tensile tests of specimens cut from steel axles- 
Paves Suarr asp Axis Tzze Co.—157 Tests. 


- _ Ext. in 

qi EL Tr. & Contr. 5 inches 
Highest........ 42.500 Sms 211 16.9 
Mean... Js... Bt 72.099 3.0 Bs 
7 Lowest. ...--- 31800 6Lm@ 243 33 

Viczzzs, Soxs & Co.—15 Tests. 

Et m 

EL a S. Contr. 5 inches. 
aap eee 200 3,701 18.3 132 
37.618 Sz 41.6 25 
ie 6.28 49.0 sz 


aan Eee ee eae steel was 3 per . 
cent silky. 67 per cent granular. 
es nc mamta sad steel was 88 per cent silky, 12 per cent 
apes 
Tensile tests of specimens cut from locomotive crank axles. 
RF Vicsmes’.—_® Tests, 1573. 


Ext. in 
_ T.S. Contr. 5 inches. 
25,700 68.067 23 18.4 
46 57.922 229 220 
21,700 5015 527 2 
~ Vieszes’.—78 Tests, 183. 
Ext. in 
EL T. 8. Contr. 5 inches. 
_ Highest.....-.. 27.400 64.872 27.0 28 
© Wean <2. .....- Bz i 27 Bg 
Lowest .-..._.. - 17,600 S75 5.0 22 
4 Feren. Karep—43 Tests, 1689: 
Ext. in 
; EL T.S. Contr. 5 inches. 
Highest. ....... 21. S68 8 5.6 
Mean 20552 2c. 2A 61,74 STZ 23 
» Lowest .--.---- 2150 172 3 B56 
Steel Propeller Shafts,—Tessile tests of pieces tyro shafts, 
meas of four tests eaeh. Hollow shaft, T. &. 61.290; EL, 


i 
bed 
gr 
ig 
Ff 
ae 
Fe 
a 
ye 
ti 
2 


: ‘Thrasting tests, Whitworth, ultimate, 56,201: elastic, 29.300; set at 20,000 
‘Z Tos.. 0.28 per cent; set at 42,000 Ibs... 2.0! per cent; set at 50,000 ibs., 32 per 


tests. Vickers". ultimate, 44.62; elastic, 2.550; set at 20,000 lbs., 
et AF cae Wn ae 
Sin a aetna te pallies oe pom ert 
‘ square inch, or per cent o ing stress. ifie gravity 
Be. pera’ tworth steel. 7867: of the Vickers , 7-356. 

= Steel.—Untempered, 6 tests, averaze, E L, 6.916: T Ss. 
175.688; ong ee Oe eee ing steel untempered. 15 
fests. average. EL, 2.786: T. S., 68.49: contr., 19.1; ext. m i inches BB 
These two lots were shipped for the same purpose, viz, carriage - 


leaf sprimzs. 

Steel Castines.— tests. E. L_ 31816 to 36.507: rs. 54,228 to 6 S40; 
| contr. 1.67 to 15.8; ext, 14$%to 11. Note the great variation m ductility. 
The steel of the hizhest strength was also the most ductile. 


Riveted Joints, Pulling Tests of Riveted Steel Plates, 
Triple Riveted Lap Joints, Machine Riveted, 
Holes Drilled. 


Width and thickness, inches = 

Bax 5 Bex UGX. RSxit BOxa 
sectional square inches : 

3.375 6.6 9.165 Riz 10.780 


Stress, total. . 
= = 300 43,19 23,000 £5,210 
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Stress per square inch of gross area, joint: 
Poo 058 50,172 ‘ 46,173 


X , 42,696 42,227 

Stress per ee inch of plates, solid : 

70,765 65,300 64, 62,280 68,045 
Ratio of strength of joint to solid plate : 

83.4) 76.83 72.09 68.535 62.06 
Ratio net area of plate to gross: 

73. 62.7 64.7 72.9 
Where fractured : 

plate at plate at plate at plate at rivets 
‘ol holes. holes. holes. _ sheared, 


holes. 
Rivets, diameter, area and number: 
59, 24 +64, 321,21 .95, .708,12 1.08, .916, 12.95, .708, 13 


Rivets, total area: 
: 3.816 6.741 8.496 10,992 _ 8.496 — 
Strength of Welds.—Tensile tests to determine ratio of strength of 


weld to solid bar. 
Iron Tiz Bars.—28 Tests. 
Strength of solid bars varied from........ cease ae «.--+ 43,201 to 57,065 Ibs, 
Strenth of welded bars varied from........0.....+-.42--++ 17,816 to 44,586 Ibs, 
Ratio of weld to solid varied from....,.. .....se-eeee-se- 37.0 to 79.1% 
Tron Piates.—7 Tests. 
Strength of solid plate from............ 5 


44,851 to 47,481 lbs, 
- 26,442 to 38,931 Ibs. 
57.7 to 83.9% 


Strength of welded plate from 
Ratio of weld to solid............ 


Cain Links.— 
Strength of solid bar from........ ...c20..esseceeccccces 49,122 to 57,875 lbs. 
Strength of welded bar from.........0..e+++4- + » 39,575 to 48,824 lbs, 
Ratio of weld tojsolid.c.. i... ciscccakacsscecesecetuoues 72.1 to 95.4% 


Tron Bars.—Hand and Electric Machine Welded. 
82 tests, solid iron, average.......... Seecadvetceseceasese 62,444 
17 * electric welded, average....... 46,836 ratio 89.1% 
19“ hand a i 46,899 ‘ 89.3% 


Strength of solid ..... 54,226 to 64,580 
28,558 to 46,019 
Ratio weld to solid Sah eiein beck ae eiiem 7 52.6 to 82.1% 


The ratio of weld to solid in all the test ranging from 87.0 to 95.4 is proof 
of the great variation of workmanship in welding. 

ind Ped pete tests, average, E. L., 5900; T. S., 24,781; contr., 24.5; 
ext., 21.8: - 

Copper Plates.—As rolled, 22 tests, .26 to .75 in. thick; EB. L., 9766 to 

8,650; T. S., 30,993 to 34,281; contr., 31.1 to 57.6; ext., 39.9 to 52.2. The va- 
riation in elastic limit is due to difference in the heat at which the plates 
were finished, Annealing reduces the T. S. only about 1000 pounds, but the 
E. L. from 3000 to 7000 pounds. 

Another series, .38 to .52 thick; 148 tests, T. S., 29,099 to 31,924; contr,, 28.7 
to ae ext. iv 10 inches, 28.1 to 41,8. Note the uniformity in tensile 
strength. ' 

Drawn Copper.—‘4 tests (0.88 to 1.08 inch diameter); T. S., 31,634 to 
40,557; contr., 37.5 to 64,1; ext. in 10 inches, 5.8 to 48.2. 

Bronze from a Propeller Blade.—Means of two tests each from 
centre and edge. Central portion (sp. gr. 8.320). E. L,, 7550; T.S., 26,312; 
contr., 25.4; ext. in 10 inches, 32.8. Edge portion (sp. gr. $550), EB. L., 8950; 
T. S., 35,960; contr., 37.8; ext. in 10 inches, 47.9. 

Cast German Silver.—10 tests; Ey L., 13,400 to 29,100; T. S., 23,714 to 
46,540; contr., 3.2 to 21.5; ext. in 10 inches, 0.6 to 10.2. 


Thin Sheet Metal.—Tensile Strength. 
German silver, 2 lots..... : A 
Bronze, 4 lots........, 


Tests, 


. 75.816 to 87,129 
78,380 to 92,086 
- 44,398 to 58,188 
30,470 to 48,450 
44,331 to 59,484 
89,838 to 57,350 
49,253 to 78,251 
eee 55,948 to 80,79 


Copper, 9 lots........... 
Tron, 13 lots, lengthway 
Iron, 18 lots, crossway.. 
Steel, 6lots... ..... ..... 
Steel, 6 lots, crossway.... ...eee0. 
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i Wire.—Tensile Strength, 
German silver, 5 lots.............scscccsccsccsere 
Bronze, 1 lot......... 
Brass, as drawn, 4 lots. 
Copper, as drawn, 3 lots 
Copper annealed, 8 lots.. 
Copper (another lot), 4 lots ..... 
Copper (extension 36,4 to 0.6%). 


+++0e 81,735 to 92,224 
78,049 Be 


81,114 to 98,578 
37,607 to 46,494 
34,936 to 45,210 
+... 85,052 to 62,190 


Tron, 8 lots........ Te eee bid bs6 odee cused secuas ces) Nees! 50,240 00071008 
Tron (extension 15.1 to 0.7%). 
Steel, 8 lots............. seieee hese Seb sdccsecdemesssvocucsres L0ajete tO.o10,5e0 


The Steel of 318,823 T.S. was .047 inch diam., and had an extension of only 
0.3 per cent; that of 103,272 T. S, was .107 inch diam. and had an extension 
of 2.2 per cent. One lot of .044 inch diam. had 267,114 T. S., and 5.2 per cent 
extension. 


Wire Ropes. 
Selected Tests Showing Range of Variation. 


J) 


8 2 |Strands.| w% 

A oo ~ 

5 Z ad Pas) 33 
4 S22) solidly) 2A 80,5 
Description. es 3 het S21 * Hemp Core. F| s F} 

52 | 96 |Ss| ce eRe Bs 

BOF Pale’ ae 
(ESP ete GE sl eae 

.Galvanized,......} 7.70 | 53.00} 6 19 | .1563 Main 839,780 
Ungalvanized....| 7.00 | 53.10] 7 19 |.1495 | Main and Strands { 314,860 
Ungalvanized....| 6.38 | 42.50| 7 19 | .1347 Wire Core 295,920 
Galvanized.......| 7.10 | 37.57] 6 30 |.1004 | Main and Strands | 272,750 
Ungalvanized....| 6.18 | 40.46! 7 19 | .1302 Wire Core 268,470 
Ungalvanized....} 6.19 | 40.83] 7 19 |.1316 Wire Core 221,820 
Galvanized....... 4.92 | 20.86] 6 30 |.0728| Main and Strands | 190,890 
Galvanized... ...| 5.36 | 18.94] 6 12 |.1104] Main and Strands | 136,550 
Galvanized.......] 4.82 | 21.50) 6 @ 1.1693 Main 129,710 
Ungalvanized....} 8.65 } 12.21] 6 19 | .0755 Main 110,180 
Ungalvanized,...| 3.50 | 12.65] 7 4%} i22 Wire Core 101,440 
Ungalvanized....} 3,82 | 14.12! 6 We aas ain 98,670 
Galvanized.......} 4.11 611.35! 6 12 |.080 | Main and Strands 75,110 
Galvanized....... 8.81 | 7.27) 6 12 |.068 | Main and Strands 55,095 
Ungalvanized....| 3.02 | 8.62] 6 @ | 105 Main 49,555 
Ungalvanized....| 2.68 | 6.26| 6 6 | .0963 } Main and Strands 41,205 
Galvanized.......| 2.87 | 5.43| 6 12 | .0560 | Main and Strands 38,555 
Galvanized.......| 2.46 | 3.85] 6 12 |.0472| Main and Strands 28,075 
Ungalvanized....) 1.75 | 2.80! 6 7 | .0619 Main 24,554 
Galvanized.......| 2.04 | 2.72) 6 | 12]|.0378| Mainand Strands | 20,418 
Galvanized.......| 1.76 | 1.85| 6 12 | .0805 Main 14,634 


Hemp Ropes, Untarred.—15 tests of ropes from 1.58 to 6.90 inches 
circumference, weighing 0.42 to 7.77 pounds per fathom, showed an ultim- 
ate strength of from 1670 to 33,808 pounds, the strength per fathom weight 
varying from 2872 to 5534 pounds, 

Hemp Ropes, Tarred. —15 tests of ropes from 1,44 to 7.12 inches 
circumference, weighing from 0.38 to 10.39 pounds per fathom, showed an 
ultimate strength of from 1046 to 31,549 pounds, the strength per fathom 
weight varying from 1767 to 5149 pounds. 

Cotton Ropes.—i ropes, 2.48 to 6,51 inches circumference, 1.08 to 8.17 
pounds per fathom. Strength 3089 to 23,258 pounds, or 2474 to 3346 pounds 
per fathom weight. 

Manila Ropes.—% tests: 1.19 to 8.90 inches circumference, 0.20 to 
11.40 pounds per fathom. Strength 1280 to 65,550 pounds, or 3003 to 7394 
pounds per fathom weight. 
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Belting. : F 
No. of Tensile strength 
lots. per eguere inch, 
11 Leather, single, ordinary tanned .....-...210 sebeseereete rere 8 to 4824 
4 Leather, single, Helvetia .....+++:.e-+eo+.e- beso vesivales agpienes 5631 to 5944 
7% Leather, double, ordinary tanned...........- Seika weeTe ».. 2160 to 3572 
8 Leather, double Helvetia..... Lea ios nimeee eee wees we+- 4078 to 5412 
6 Cotton, solid woven....... ene enats es .. 5648 to 8869 
14 Cotton, folded, stitched ........ . 4570 to 7750 
1 Flax, solid, woven........ 9946 
1 Flax, folded, stitched..... 6389 
6 Hair, solid, woven.... .+.--+e-eeeereeeee: pave tata caer . 8852 to 5159 
2 Rubber, solid, woven PES cee « eeeeeees 4271 to 4343 


Canvas.—35 lots: Strength, lengthwise, 113 to 408 pounds per inch; 
crossways, 191 to 468 pounds per inch, 

The grades are numbered 1 to 6, but the weights are not given. The 
strengths vary considerably, even in the same number. 

JWiarbles.—Crushing strength of various marbles. 388 tests, 8 kinds. 
Specimens were 6-inch cubes, or columns 4 to 6 inches diameter, and 6 and 
inches high. Range 7542 to 13,720 pounds per square inch. 

Granite.—Crushing strength, 17 tests; square columns 4 X 4 and 6 x4, 
4 to 24 inches high, 3 kinds. Crushing strength ranges 10,026 to 13,271 
pounds per square inch. (Very uniform.) 

Stones.—(Probably sandstone, local names only given.) 11 kinds, 43 
tests, 6 X 6, columns 12, 18 and 24 inches high. Crushing strength ranges 
from 2105 to 12,122. The strength of the column 24 inches long is generally 
from 10 to 20 per cent less than that of the 6-inch cube. 

Stones.—(Probably sandstone) tested for London & Northwestern Rail- 
way. 16 lots,3to6 tests in alot. Mean results of each lot ranged from 
8785 to 11,956 pounds. The variation is chiefly due to the stones being from 
different lots. The different specimens in each lot gave results which gen- 
erally agreed within 30 per cent. 

Wricks.—Crushing strength, 8 lots; 6 tests in each lot; mean results 
ranged from 1835 to 9209 pounds per square inch. The maximum variation 
in the specimens of one lot was over 100 per cent of the lowest, In the most 
uniform lot the variation was less than 20 per cent. 


Wood.—Transverse and Thrusting Tests. 


. Thrust- 
2 | gizes abt. in } Span, | Ultimate = DRE 
th p i Lw Stress 
ES square. inches.| Stress. TADS per sq. 


Pitch pine.........| 10 | 11% to 12: 144 to 
y te ad 80,520 1403 5438 
37,948 65 2478 
Dantzic fir........] 12] 12 to18 144 to to to 
: 54,152 790 3423 
82,856 1505 2473 
English oak.......} 8 444 X 12 120 to to 
89,084 1779 4437 
American white 23,624 1190 2656 
Dalene ee te 5 446 K 12 120 to to to 


Demerara greenheart, 9 tests (thrusting). 
Oregon pine, 2 tests....... RAS BO 


Honduras mahogany, 1 test........+eessers .. 6769 
Tobasco mahogany, 1 teSt.......---++ mn seeaieea OOS 
Norway spruce, 2 tests .. ......+ Sinmalele . 5259 and 5494 
American yellow pine, 2 tests..... io bee «i . 8875 and 3993 
Pnglish ash, 1 test....... cee.ss22 wevereeeeseeeeeeeees Seige balteleccsigsaags MODa 


Portland Cement.—(Austrian.) Cross-sections of specimens 2 X 214 
inches for pulling tests only ; cubes, 3 » 3 inches for thrusting tests; weight, 


ees 


MISCELLANEOUS TESTS OF MATERIALS. 803 


' §8.8 pounds per at tie bushel; residue, 0.7 per cent with sieve 2500 meshes 


ber square inch; 38.8 per cent by volume of water required for mixing; time 
of setting, ¥ days; 10 tests to each lot. The mean results in lbs. per 8q- in. 
were as follows: 


Cement Cement 1Cement, 1Cement, 1 Cement, 
alone, alone, 2 Sand, 3 Sand, 4Sand, 
Age. Pulling. Thrusting, Thrusting. Thrusting. Thrusting. 
10 days 876 2910 893 407 228 
» 20 days 420. 3342 1023 494 275 
80 days 451 3724 1172 594 333 


Portland Cement.—Various samples pulling tests, 2x 2% inches 
cross-section, all aged 10 days, 180 tests; ranges 87 to 643 pounds per square 
; TENSILE STRENGTH OF WIRE. 


(From J, Bucknall Smith’s Treatise on Wire.) 
Tons persq. Pounds per 


in. sectional sq. in. sec- 
area, tional area. 
Black or annealed iron wire........esecesseoreee 25 56,000 
Bright hard drawn........ t ae 85 78,400 
Bessemer, steel wire.......... AgaSe 40 89,600 
Mild Siemens-Martin steel wire..........++ se+es 60. 184,000 
High carbon ditto (or improved”)... ... ..- : 80 179,200 
Crucible cast-steel ‘‘improved ”’ wire... ........ 100 224,000 
“Improved ”” cast-steel *‘ plough”’...., ..-....- “ 120 268,800 
Special qualities of tempered and improved cast- 
steel wire may attain... we ween 150 to 170 336,000 to 380,800 


MISCELLANEOUS TESTS OF MATERIALS, 
Reports of Work of the Watertown Westing-machine in 


i Be 
TESTS OF RIVETED JOINTS, IRON AND STEEL PLATES, 


a a iS 4 aan ao a=] 
© > wa a a SSO. | Se. 3 
hel as ue 23 lu4| 2 |Rabd | #55] 5. 
& | ge | S84 | 88 |S) 24 lfe88a| oo8| se 
n -D oo [or 1 30 |S S s| S28 cy 
a eI her! > |@ | BSA IMSAos| Mea] pO 
© oS Cys) ag fo} B) ota 2 ‘5 
q oq 8.4 = ~ | 9 [San ss! Cas! Bs 
E>] eA ase ey S OF aecee god | 8S 
= a ¢ =| iS) 
| cs S =] a o'S.9 BCA 
a a a) Ass = q 
3 
* 11-16 % 1014 |6 | 134 | 39,300 | 47,180 | 47.0 
* 11-16 84 101g 16 | 14 41,000 | 47,180 | 49:0 3 
A 
* 34 13-16 | 10° |5 } 2 35,650 | 44,615 | 45.6 
* 84 13-16 | 10 |5 | 2 35,150 | 44,615 | 44.9 
* 11-16 4, 10 |5 | 2 46,360 | 47,180 | 59.9 § 
eee Bets tt | ee elon 
* E 2 i 161 9.4 § 
* 54 13-16 | 10 |5 | 2 46,140 | 44°615 | 59.2 § 
* 1 11-16 | 10% | 4 44,260 | 443635 | 57.2 § 
eban|hed 11-16 | 10% 14 | 2 42,350 | 44,635 | 54.9 § 
154 4 ed 13-46 | 11.9 |4 | 2.9 | 42,310 | 46.590 | 52.1°§ 
*| | 4 13-16 | 11.9 |4 | 2.9 | 41,920 | 46, 51.7 § 
*| % % 13-16-| 1016 |6 | 184 | 61,270 | 58.380 | 59.5 + 
+| 36 4 13-16 | 10:2 |6 | 184 | 60830 | 53.330 | 5911 
+| 4% | 15-16 10° |5 |] 2 47,530 | 57,215 | 40.2 
+| 4% | 15-16 | 1 10 |5 | 2 49.840 | 57.215 | 42.8 $ 
+ 11-16 rt) cel 62,770 | 58,380 | 71.7 § 
+ 11-16 i 10 |5 |] 2 61,210 | 53,330 | 69.8 § 
+ 15-16 | o4 10 |5 | 2 4 68,920 | 57,215 | 57.1 i 
t 15-16 10 6|5 | 2 66.710. | 57,215 | 55.0 
+ 1 11-16] 9% |4 | 2 62,180 | 52)445 | 63.4 § 
+| 5 | 1 11-16 | 916 |4 | 2 627590 | 521445 | 63.8 § 
4125 |. 1 13-16 | 10 |4 26 54,650. | 51,545 | 54.0 § 
plese | oA 1316 | 10 |4 12 54'200 | 61,545 | 53.4 § 


*Tron, t Steel. + Lap-joint, § Butt-joint. 
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The efficiency of the joints is found by dividing the maximum tensile 
stress on the gross sectional area of plate by the tensile strength of the 


COMPRESSION TESTS OF 3x3 INCH WROUGHT-IRON BARS. 


Tested with Two Pin Ends, Pins 
144 inch in Diameter. Tested with One 
= 2 
Length, inches. | timate Com- ——s with Two Gomes 
pressive Strength 

per 

thet 

28,260 

31,990 

sei 

24.030 

25,380 

20,660 

20,200 

16,520 

17,840 

13,010 

15,700 
Diameter Uit. Comp. Str, 
of Pins. per sq. in., lbs. 
ny aes 


TENSILE TEST OF SIX STEEL EYE-BARS. 
COMPARED WITH SMALL TEST INGOTS. 


ee ee Sener eee oper oh 
made stone Bridge Company by upsetting and hammering. 
fcoauapndsfasioe* Two Sst round. rolled from 


ee rn ee as eeneenens, £160 tas Pee 
74 to .098, 


Gauged i ‘Tensile Hiongation 
Length, limit, Ibs. = per cent, im 
inches. per sq. in. Sq. in., I Ganged Length, 4 
160 37,480 67.800 15.8 
1600 36,650 64,000 6.5 
Ms. Dent ® i 2eecs 71,560 8.6 
200 37,600 63,720 12.3 
200 35,810 6,850 12.0 
200 3.230 64,410 16.4 
200 37.640 68,290 13.9 
The average tensile strength of the 34-inch test pieces was 71,310 Ibs, that 
a cue con tars Glas Tae, amen The a elastic limit of 
the test pi was 45,150 lbs., that of the eye-bars 36,402 a@ decrease of 


| 


= fe =. 
z 3 | S2s|2*2, 
<= —-s —_ 
Coimmeas made of = Fy Sse Ease 
= | 22 | 252 /\=522 
= == 5 ==, L ae 
S | ge |e |e 
Sieck chumncl_ eid web. | wef sax | oe | moe 
e~ ~ -_ -— | Se} sur | m2 | mae 
= - - «| ae] sme) oe | Mee 
= = OS Mpa ' es | me | oe | soe 
= + =- = a Sh Prt 
Sach cheancis, with 536 concms | : : 
EA a Sea aes | mS | mer | tse | ae 
S#mek omemeces ples and apes : * 
Witth cf gists im limanitSe SS | MBE | IS | Se 
Titers comtimeme places and anges, § & . 
Paes Bm wie | 2s | se | 22 | ee 
Set Gmaseis, ok fA 33 | 72s i os 4 aoe 
s= = = _ | 6 | cee | ses | sae 
= = _ | BS | tH | 12s | ee 
Sinck channels, ntceed swelled Ses | Gi | 16 Gt | Ese 
z< = < ~ = |) ge | ta | ss | ae 
oS - = - <= I) ss | cme | 1a 4 maze 
B= = =< | es | mse | ie | ae 
B= — =< — | Be | wis | iss | ese 
Minch Gees, beieed_sweled Ses BT) ESS iS | lcR 
= | =o | use ie =e 
ie ~ eee =e | mse iss | aoe 
Tes ete ay H 
+ ab amc hatcodeusenteconst ; H 
eee | oe il roe las | mz 


* Pes ip centre of a bers and 
ieehes Som sears Ene a= es 
? ims piers ip come of Qravioy of chaeeed bers. 


| 
I 
; 


= redaeed 2 comgeeminn dics (one peas) O8¢ ie, FS Mee, ct 
mn 3S ce. 

ie mone = = - <= = 2a; FS ae 
tis = Be 


Compeession test of esi draws Ger Gee as Se 2, beth ina ae 
1S mo - Comgresse Sree pe = _ Ee: eet cee 
me Ss os Ea Dieser eressed by comers 1 


Béxcaliziie, ELEM TIBS Hmtnm Sis Bd SSS 
na << * s * ee ll US | SS Se oS ee 
Le olidusre ~ “2 “ Ee See Sa eee 
The orhcimel bers were 2 im sad 3g i Gemeser_ ‘Tie test pieces cut rom 
Fi ring emerge ap iy Vie redeercer it Gaemeser from the 
Bec reled to tite coli redid or evi ewe ber ws 1 eck oe. 


e 


¥ 
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TEsis OF AMERICAN WOODS. (See also page ay.) 

In all cases a larze number of tests were made of each wood. Minimum 
and maximum results only are given. All of the test specimens had a sec- 
tional area of 1.575 X 1.575 inches. The transverse test specimens were 39.37 
inches between supports, and the compressive test Specimens were 12.60 
inches long. Modulus of rupture calculated from formula R = pea P= 


load in pounds at the middle, 7 = length in inches, 6 = breadth, d = depth: 


Name of Wood. Rupture. per square inch, 


Cucumber tree (Magnolia acuminata). | 749 


12,050 | 4,560 | 7,410 
Yellow poplar white wood (Lirioden- } 

dron tulipifera).... ........ Bevtsteen -| 6560 | 11,756 4,150 | 5,790 
White wood, Basswood (Tilia Ameri-| I } 

D tacerap] eee geen i) teen 6,720 | 11,530 | 3,810 6,480 
-maple, Rock-maple (Acer : 

un Sonam x Pes teared eo Sat pret 9,680 | 20.130 | 7,460 | 9.940 
Red maple (Acerrubrum)... ... 113450 | 6.010} 7.500 
Locust (Robinia pseudacacia) | -21,730 8,330 11,940 
Wild cherry (Prunus serotina) 16,900 5,330 | 9120 
Sweet gum (Liqui: i styraci. } 11,130 5,630 | 7,920 
Dogwood (Cornus florida). ......-.......) 4,560 6250 | 9,400 
Sour gum, Pepperidge (Wyssa sylvatica)., 9530 | 14.300 | 6.240 | 7.480 
Persimmon (Diosp: Virginiana). ...| 10,290 | 18,500 6,650 8,080 
White ash (Frazunis Americana)....... ; 5,950 | 15,800 45233 | 880 
eis aye orgy Sto? inale).......-..| 5,180 | 10,150 | 4,050 | 5.970 
Slippery elm ( us fulva) --| 10.220 | 12,92 6,980 8.790 
White elm (Ulmus Americana)......... -| 8,250 | 15,070 4,960 | 8,040 
Syeamore; Buttonwood (Piatanus occi- 

OM MUES rey has panne oe = aps siento 6,720 | 11,360 4,990 | 7,340 
Butternut; white walnut (Juglans ci- 

AD ASS RE Sa oe ---- | £700 | 11.740 | 5480 | 6,810 
Black walnut (Juglans nigra). .......... | $400 | 16.320 | 6.940 | 's50 
Shelibark hickory (Carya Ne -ene.ae-) 14870 | 20-710 7,650 ; 10,280 
Pi POFCiNa).....2./..0.02+-..0| 11,560 | 19,490 | 7480 | 81470 

ite oak (Quercus alba).......... --+-| 7010 | 18.350 | 5810 | 9.070 
Red oak (Quercus rubra)._..... Soverescst 9,400 | 18370 4,960 | 8970 
Black oak (Quercus tinctoria)...........) 7. 18.420 | 4540 8,550 
Chestnut (Castanea vulgaris)... --.-| 5,950 | 12.870 3,680 6,650 
Beech (Fagus ferruginea)..........-.--.| 13,0 | 18,840 5,770 7,340 
Canoe-birch, paper-birch (Betula 

TOOME) ~ cn 5 ote ve 22 See) Joes ease SEO OL AT B10 5,770 8.590 
Cottonwood (Populus monilifera). ..-. | 290 | 13,430 3,790 6,510 
White cedar (Thuja occidentalis)... . 3.520 2.660 5,319 
Red cedar (Juniperus Virginiana). - 15,100 4, | 7,040 

(Sazodium um) 10,030 5,060 | 7,140 

White pine (Pinus strobus).. 11,530 3.750 | 5,600 

Spruce pine (Pinus glabra)........ 10,980 | 4.650 

Long-leaved pine, Southern pine ( ; 

palustris) 21,060 4,010 — 10,600 
11,650 4150 | 5,300 - 

14,680 4, i 7,420 

220 | 17,920 | 4980 | 9.800 

Tamarack (Lariz Americana) ....-....1 10,080 | 16,770 6810 ~ 10,700 


SHEARING STRENGTH OF IRON AND STEEL, 


H.V. Loss in American Engineer and Railroad Journal, March and April, 
1893, describes an extensive series of experiments on the shearing of iron 
and steel bars in shearing machines. Some of his results are: 


tem: as the smaller dimensions 
require a considerably longer time to reduce them down to size, which time 


tt is not probable that the resistance in practice can be brought very 


’ much below the lowest figures here given—viz., $400 lbs. per square 
a@ considerable 


= 


inerease in 
ee ae BOILER-TUBES EXPANDED 
TUBE-SHEETS, 


Experiments by Chief Engineer W. H. Shock, U.S. N., on brass tubes, 244 
inches diameter, into plates 34-inch thick, gave results ranging 
from 5850 to 44.00 ibs. Out of 48 tests 5 gave figures under 10.000 Ibs, 12 
between 10.000 and 20.000 Ibs., 18 between 20,000 and 30,00 Ibs., 10 between 
30.000 and 40.000 Tbs_, and 3 over 40.000 Ibs 

Experiments by Yarrow & Co., on Steel tubes, 2 to 214 inches diameter, 


gave results Smilariy - ing from 7900 to 41,715 Ibs., the majority 
i 20,600 to 30: Ibs. In 15 experiments on 4 and 5 inch tubes 
the strain ranged 20.7230 to 68,00 Ibs. Beading tube does not nece= 
sarily give increased as some of the lower figures obtained 
with beaded tubes. (See paper on Rules Governing nsiruction of 

Steam Boilers, : ine Congress, Section G, Chicago, 1933.) 
CHAINS. -~ 


(Pennsylvania Railroad Specifications. 1599) 


18.1 om 

96.2 0.5 
151.5 0.56 
12.0 0.70 1500 3.000 
414.7 1.10 3,000 5.500 
14.7 1.530 3.500 7.000 
133.6 1 4,000 7500 
7.3 1.9 5.000 930 
225.3 1.99 5.300 19,000 
13.0 2.30 768 12 
138.3 2.50 7.500 13.000 
8.5 =. 11,000 20,000 
V6.7 4.0 ii. 20,000 
24.0 5.50 16,000 23,000 
22.0 5.50 16,000 29,000 
2.5 7.0 22.000 40,000 
2.7 sz 30.000 55,000 
38.0 12.00 40,00 65,000 
3.5 15.0 50,000 00 
416.6 21.00 70,000 | 116,000 
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British Admiralty Proving Tests of Chain Cables.—Stvd. 
links. Minimum size in inches and 16ths. Proving test in tons of 2240 Ibs. 
Mio. Siz: 2% 48 98 3 SR Rae 1 A ifs 1%. 

* Test, tons: 83§ 10%; 1138 1335 1535 18 20f; 2235 255 ay % 34 87ay. 
Min. Size: 18 19 410) 412 gd 4423 44 48 8 gn ee 
Test, tons: 403§ 4348 4739 51yy Souq 59%, O3y, 6734 72 7633 Sisy 91a%. 

Wrought-iron Chain Cables,—The strength of a chain link is 

~ less than twice that of a straight bar of a sectional area equal to that of one 
side of the link, A weld exists at one end and a bend at ft e other, each re- 
quiring at least one heat, which produces a decrease in the strength. The 
report of the committee of the U. S. Testing Board, on tests of wrought-iron 
and chain cables contains the following conclusions. That beyond doubt, 

. when made of American bar iron, with east-iron studs, the studded link is 
inferior in strength to the unstudded one, 

“That when proper care is exercised in the selection of material, a varia- 
tion of 5 to 17 per cent of the strongest may be expected in the resistance 
of cables. Without this care, the variation may rise to 25 per cent, 

“That with proper material and construction the ultimate resistance of 
the chain may be expected to vary from 155 to 170 Per cent of that of the 
bar used in making the links, and Show an average of about 163 per cent, 

“ That the proof test of a chain cable should be about 50 per cent of the 
ultimate resistance of the weakest link,” 

The decrease of the resistance of the studded below the unstudded cable 
is probably due to the fact that in the former the sides of the link do not 
remain parallel to each other up to failure, as they do in the latter, The re- 
sult is an increase of stress in the studded link over the unstudded in the 
proportion of unity, to the secant of half the inclination of the sides of the 

‘ormer to each other. 

From a great number of tests of bars and unfinished cables, the commit- 
tee considered that the average ultimate resistance, and proof tests of chain 
cables made of the bars, whose diameters are given, should be such as are ~ 
shown in the accompanying table. 


ULTIMATE RESISTANCE AND PROOF TESTS OF CHAIN CABLES, 
Diam. 


A Diam. : 
Average resist. Average resist. 
of Proof Test. of = 163% of Bar. | Proof Test. 


Bar, | = 163% of Bar. Bar’ 

Inches. Pounds. Pounds, Inches, Pounds. Pounds, 
1 1/16 71,172 33,840 1 9/16 162,283 77,159 
11/16 79,544 82 1 174.475 82,956 

88,445 42.053 1 11/16 187,075 88,947 
1 3/16 97,731 46,468 134 200,074 95,128 

107,440 51,084 1 13/16 213,475 101,499 
15/16 117,577 55, 17 227,271 108,058 
1 128,129 60,920 1 15/16 241,463 114,806 
1 7/16 139,103 66,138 2 256,040 121,787 
1 150,485 71,550 


STRENGTH OF GLASS, 
(Fairbairn’s “ Useful Information for Engineers,” Second Series.) 


est Common Extra White 
Flint Glass. Green Glass. Crown Glass, 
3.078 2 450 


Mean specific gravity ...........2,.0c..0000. 07 2.5: 3 
Mean tensile strength, lbs. per sq.in., bars.. 2,413 2,896 2,546 
° hin plates. 4 4,800 6,000 


5 U fe .200 
Mean crush’g strength, Ibs. p.sq.in.,cyl’drs. 27,582 39,876 31,003 
do. eubes. 13,130 20,206 21,867 
The bars in tensile tests were about 14 inch diameter. The crushing tests 
were made on cylinders about 34 inch diameter and from 1 to 2 inches high, 
and on cubes approximately 1 inch on a side. The mean transverse strength 
’ of glass, as calculated by Fairbairn from a mean tefisile strength of 2560 
lbs. and a mean compressive strength of 30,150 Ibs. per sq. in., is, for a bar 
supported at the ends and loaded in the middle, ; 
£ 2 
w= 31400, 


N 
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in which w = breaking weight in Ibs., b= breadth, d = depth, and 7 = length, 
in inches. Actual tests will probably show wide variations in both direc- 
tions from the mean calculated strength. 


STRENGTH OF COPPER AT HIGH TEMPERATURES. 
The British Admiralty conducted some experiments at Portsmouth Dock- 
yard in 1877, on the effect of increase of temperature on the tensile strength 


of copper and various bronzes. The copper experimented upon was in rods 
.72in. diameter. 


The following table shows some of the results: 


ue tees Tensile Strength eS Tensile Strength : 


in Ibs. per sq. in. ahr. in lbs. per sq. in. 
Atmospheric. 23,115 300° 21,607 
100° i 400° 21,105 
200° 22,110 500° 19,597 


Up to a temperature of 400° F. the loss of strength was only about 10 per 
cent, and at 500° F. the loss was 16 percent. The temperature of steam at 
200 Ibs. pressure is 382° F., so that according to these experiments the loss 
of strength at this point would not be a serious matter. Above a tempera- 


_ ture of 500° the strength is seriously affected. 


STRENGTH OF TIMBER. 
Strength of Long-leaf Pine (Yellow Pine, Pinus Palustris) from 


Alabama (Bulletin No. 8, Forestry Div., Dept. of Agriculture, 1893. Tests 


by Prof. J. B. Johnson.) 

The following is a condensed table of the range of results of mechanical 
tests of over 2000 specimens, from 26 trees from four different sites in 
Alabama ; reduced to 15 per cent moisture : 


Av’g of 
Butt Logs. |Middle sri Top Logs. jall Butt 

| Logs. 

Specific gravity .....-...- 0.449 to,1.039 (0.575 to 0.859 0.484 to 0.907 | 0.767 


Transversestrength,>” ~|4,762 to 16,200|7,640 te 17,128 4,268 to 15,554] 12,614 


°2 bh? 

do do, atelast. limit |4 o80 to 13,110 5,540 to 11,790 2,553 to 11,950! 9,460 
Mod. of elast., thous. Ibs.|1,119 to 3,117.1,186 to 2,982, 842to 2,697| 1,926 
Relative elast. resilience, 

inch-pounds per cub. in.) 0.23 to 4.69 | 1.24 to 4.21 | 0,09 to 4.65 2.98 
Crushing endwise, str. per| 

7s Oe be Ls ..--|4,781 to 9,850/5,030 to me to 9,100 | 7,452 


Crushing across grain 

584 to 1,766 | 1,598 
Tensile strength per sq.in. 8,600 to 31,890\6,320 to 29,500/4,170 to 23,280) 17,359 
Shearing strength (with) 


strength per sq. in.,Ibs.| 675 to apes 656 to 1,445) 
grain), mean per sq.in.| 464 to ee 539 to 1,230| 484to 1156 | 866 


Some of the deductions from the tests were as follows : 

1. With the exception of tensile strength a reduction of moisture is ac- 
ere aca by an increase in strength, stiffness, and toughness. 

2. Variation in strength goes generally hand-in-hand with specific gravity. 

3. In the first 20 or 30 feet in height the values remair constant ; then 
occurs a decrease of strength which amounts at 70 feet to 20 to 40 per cent 
of that of the butt-log. 

4. In shearing parallel with the grain and crushing across and parallel 
with the grain, practically no difference was found. 

5. Large beams appear 10 to 20 per cent weaker than small pieces. 

6. Compression tests endwise seem to furnish the best average statement 
of the value of wood, and if one test only can be made, this is the safest, as 
was also recognized by Bauschinger. 

7. Bled timber is in no respect inferior to unbled timber. 


$10 


The figures for crushing across the grain represent the load require te 
cause a compression of 15 per cent. The relative elastic resilience, in inch- 
pounds per cubic inch of the material, is obtained by measuring the area 
of the plotted-strain diagram of the transverse test from the origin to the 
point in the curve at which the rate of deflection is 50 per cent greater than 
the rate in the earlier part of the test where the diagram is a straight line. 
This point is arbitrarily chosen since there is no definite “elastic limit” in 
timber as there is in iron. The “strength at the elastic limit” is the 
strength taken at this same point. Timber is not perfectly elastic for any 
load if left on any great length of time. 

The long-leaf pine is found in all the Southern coast states from North 
Carolina to Texas. Prof. Johnson says it is probably the strongest timber 
in large sizes to be had in the United States. In small selected specimens, 
other species, as oak and hickory, may exceed it in strength and tough- 
ness. The other Southern yellow pines, viz., the Cuban, short-leaf and 
the lobiolly pines are inferior to the long-leaf about in the ratios of their 
specific gravities; the long-leaf being the heaviest of all the pines. It - 
averages (kiln-dried) 48 pounds per cubic foot, the Cuban 47, the short-leaf 
40, and the loblolly 84 pounds. 

Strength of Spruce Timber.—The modulus of rupture of spruce 
is given as follows by different authors: Hatfield, 9900 lbs. per square inch ; 
Rankine, 11,100; Laslett, 9045; Trautwine, 8100 ; Rodman, 6168. Traut- 
woe, advises for use to deduct one-third in the case of knotty and poor 
timber, 

Prof. Lanza, in 25 tests of large spruce beams, found a modulus of 
rupture from 2995 to 5666 Ibs.; the average being 4613 Ibs. 
average beams, ordered from dealers of Bod repute. Two beams of 
selected stock, seasoned four years, gave 7562 and 8748 lbs. The modulus 
of elasticity ranged from 897,000 to 1,588,000, averaging 1,294,000, 

Time tests show much smaller values for both modulus of rupture and 
modulus of elasticity. A beam tested to 5800 Ibs. in a screw machine was 
left over night, and the resistance was found next morning to have dropped 
to about 3000, and it broke at 3500, 

Prof. Lanza remarks that while it was necessary to use larger factors of 
safety, when the moduli of rupture were determined from tests with smaller 
pieces, it will be sufficient for most timber constructions, except in factories, 
to use afactor of four. For breaking strains of beams, he states that it is 
better engineering to determine as the safe load of a timber beam the load 
that will not deflect it more than a certain fraction of its span, say about 
1/300 to 1/400 of its length, 


Properties of Timber, 


(N. J. Steel & Iron Co.’s Book.) 
pee as ee Bee 
Relative |Shearing 
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These were - 


met eronstle. se uenine piven Strength 
Pare rengt! rength per/for Cross} with the 
Description. cesta 4 per aq. ich, sq.inch, |Breaking.| Grain, 

Ibs in lbs. in lbs. White lbs. per 

y Pine = 100.| sq. inch 

ABH vec kaue bcc 43 to 55.8/11,000 to 17,207] 4,400 to 9,363] 180 to 180 | 458 to 700 
h .|43 to 53.4/11,500 fo 18,000].5,800 to 9,363] 100 to 144]........ =, 

50 to 56.8/10,200 to 11,400] 5,600 to 6,000] 55 to asi auite ie 

te eae hese isin’ ois Magebidia dhiclacpesines alge 1 © @ecsence 

33 10,500 5,350 to 5,600) 96 to 123]........ ai 

84 to 86.7/13,400 to 13,489) 6,831 to 10,331 96 hte cap re 

ie 8,700 5,700 88 to 95 hie a’ 

rer nae 12,800 to 18,000 8,925 150 to 210] ..... Passe 

sa 20,500 to 24,800) 9,113 to 11,700] 182 to 227 |.......... 

oe 49 10,500 to 10.584 8,150 122 to 220 | 367 to 647 

+++ |45 to 54.5/10,253 to 19,500] 4,654 to 9,509] 130 to 177 | 752 to 966 

OREM Live, Se aia). all ceomncnuagecte 6,850 155 t0.189)}° 22: 
Pine, White....}| 80 10,000 to 12,000] 5,000 to 6,650 100 225 to 423 
Pine, Yellow. . .|28.8 to 33/12,600 to 19,200] 5,400 to 9,500] 98 to 170 | 286 to 415 
BPMUCG a cone] ete 10,000 to 19,500) 5,050 to 7,850 258 to 374 


alnut, Black. 42 9,286 to 16,000) 


| 
| 
| 
| 
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The above table should be taken with caution. The range o: variation in 
the species is apt to be much greater than the figures indicate. See Johnson’s 
tests on long-leaf pine, and Lanza’s on spruce, above. The weight of yellow 
pine in the table is much less than that given by Johnson. (W. K.) 

Compressive Strengths of American Woods, when slowly 
and carefully season oe Panera averages, deduced from many exper- 
iments made with the U. 8S. Government testing-machine at Watertown, 
‘Mass., by Mr. S. P. Sharpless, for the Census of 1880. Seasoned woods resist 
crushing much better than green ones; in many cases, twice as well. Differ- 
ent specimens of the same wood vary greatly. The strengths may readily 
vary as much as one-third part more or less from the average. i 


End- Side- End- | Side- 


wise,* | wise,t wise,* | wise,t 
Ibs. per| lbs. per Ibs, per|lbs. per 
sq.in. | sq. in. sq. in. | sq. in. 
01 1 01 | .1 
Ash, red and white} 6800 |1300} 3000 | Maple: 
ASNCIiep as ekwae ct ..| 4400 | 800] 1400 J sugar and black..| 8000 |1900/4300 
Beech --| 7000 |1100] 1900 white and red....] 6800 1300/2900 
Birch 8000 1300} 2600 fOak : 
Buckeye... 4400 | 600} 1400 white, post (or 
Butternut.........| 5400 | 700} 1600 iron), swamp 
Buttonwood white, red, and 
(sycamore)| 6000 {1800} 2600 blacks five. sit 7000. |1600|4000 
Cedar, red......... 6000 | 700} 1000} scrub and basket.| 6000 |1700/4200 
Cedar,white (arbor- chestnut and live} 7500 /|1600'4500 
VELCE) i icisiagis cia 4400 | 500] 9009 pin........ SEO ae 6500 {1300/3000 
Catalpa (Ind.bean)} 5000 | 700) 1300 J Pine: 
Cherry, wild....... 8000 |1700) 2600 § white............. 5400 jf 600)1200 
‘Ohestnutiaisce. 5300 | 900) 1600 # red or Norway....| 6800 | 600/1400 
Coffee-tree, Ky....| 5200  |1300) 2600 pitch and Jersey 
Cypress, bald...... 6000 | 500} 1200 serub...... «+«-+} 5000. |1000}2000 
Elm, Am. or white] 6800 |1300) 2600} Georgia. -.| 8500 {1300/2600 
SEM ore a PP as Oe 7700 |1800} 2600 | Poplar.... 5000 | 600/1100 
Hemlock... ..{ 5800 | 600} 1100 | Sassafras.... 5000 |1300)2100 
Hickory..........-.| 8000 |2000] 4000 |Spruce, black.......| 5700 | 700|1300 
Lignum-vite ..... 10000 |1600}13000 Sn whites hs 4500 | 600)1200 
Linden, American.| 5000 | 500) 900 {Sycamore (button- 
Locust; WOO) aidsiivaseciar 6000 }1300/2600 
black and yellow.| 9800 |1900) 4400 | Walnut: 
honey.........+.. 7000 |1600} 2600 f black. .-.......... 8000 |1800\2600 
 Mahogany.........| 9000 |1700) 5300 J white (butternut).| 5400 | 700/1600 
Ma Willow: .acseaes cect 4400 | 00/1400 


le: 
pisadileated, Ore.| 5300 |1400} 2600 


* Specimens 1.57 ins. square X 12.6 ins. long. ; 

+ Specimens 1.57 ins. square X 6,3ins. long. Pressure applied at mid-length 

by a punch covering one-fourth of the length. The first column gives the 

loads producing an indentation of .01 inch, the second those producing an 
indentation of .lJinch. (See also page 306). 


_ Expansion of Timber Due to the Absorption of Water. 


(De Volson Wood, A, S. M. E., vol. x.) 
Pieces 36 X 5in., of pine, oak, and chestnut, were dried thoroughly, and 


- then immersed in water for 37 days. 
i The mean per cent of elongation and lateral expansion were: 


Pine. Oak, Chestnut, 
Elongation, per cent............ 0.065 0.085 0.165 
Lateral expansion, per cent.... 2.6 8.5 8.65 


Expansion of Wood by Heat.—Trautwine gives for the expansion 
of white pine for 1 degree Fahr. 1 part in 440,530, or for 180 degrees 1 part in 


_ 2447. or about one-third of the expansion of iron. 
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Shearing Strength of American Woods, adapted for 
Pins or Treenails, 
J. C. Trautwine (Jour. Franklin Inst.). (Shearing across tne grain.) 


r sq. in. 
pe 16280 


Pine (Northern yellow.......... 4340 

Pine (Southern yellow) ...,.... 5735 

Pine (very resinous yellow)..... 5053 

POPE Steck Paabs sacresen cece sf SG 

SHOR Soo) ode cave domernepteviecvcu: DOOD Spruce?!) 3)... -. 3255 
oe Walnut (black)..... cc eeee: Aton. 


Walnut (common)....... .... 


THE STRENGTH OF BRICK, STONE, ETC. 


A great advance has recently been made in the manufacture of brick, in 
the diccdtion of increasing their strength. Chas. P. Chase, in Engineering 
News, says: “‘ Taking the tests as given in standard engineering books eight 
or ten years ago, we find in Trautwine the strength of brick given as 500 to 
4200 lbs. per sq. in. Now, taking recent tests in experiments made at 
Watertown Arsenal, the strength ran from 5000 to 22,000 ibs. per sq. in. In 
the tests on Illinois paving-brick, by Prof. I. O. Baker, we find an average 
strength in hard paying brick of over 5000 lbs. per squareinch. The average 
crushing strength of ten varieties of paying-brick much used in the West, I 
find to be 7150 Ibs. to the square inch.” 

A recent test of brick made by the dry-clay process at Watertown Arsenal, 
according to Paving, showed an average compressive strength of 3972 lbs, 
per sq.in. In one instance it reach_d 4973 lbs. per sq. in. A test was made 
at the same place on a ‘‘fancy pressed brick.” The first crack developed 
at a pressure of 305.000 lbs., and the brick crushed at 364,300 Ibs., or 11,130 
Ibs. per sq. in. This indicates almost as great compressive strength as 
granite paving-blocks, which is from 12,000 to 20,000 Ibs. per sq. in. 

: = following notes on bricks are from Trautwine’s Engineer's Pocket- 
00k +. 

Strength of Brick.—40 to 300 tons per sq. ft., 622 to 4668 Ibs. per sq. in, 
Asoft brick will crush under 450 to 600 lbs. per sq. in., or 30 to 40 tons per 
square foot, but a first-rate machine-pressed brick will stand 200 to 400 tons 
per sq. ft. (3112 to 6224 Ibs. per sq. in.). 

Weight of Bricks.—Per cubic foot, best pressed brick, 150 lbs.; good 
pressed brick, 131 lbs.; common hard brick, 125 lbs.; good common brick, 
118 Ibs.; soft inferior brick, 100 lbs. 

Absorption of Water.—A brick will in a few minutes absorb 1g to 
4 Ib. i tele eal the last being 1/7 of the weight of a hand-moulded one, or 14 
of its bulk. 

Tests of Bricks, full size, on flat side. (Tests made at Water 
town Arsenal in 1883.)—The bricks Were tested betwen flat steel buttresses. 
Compressed surfaces (the largest surface) ground approximately flat. The 
bricks were all about 2 to 2.1 inches thick, 7.5 to 8.1 inches long, and 3.5 te 
3.76 inches wide. Crushing ag hy oes per square inch: One lot ranged from 
11,056 to 16,734 lbs.; a second, 12,995 to 22,351; a third, 10,390 to 12,709. Other 
tests gave results from 5960 to 10,250 lbs. per sq. in. 


Crus Strength of Masonry Materials. (From Howe's | 


“ Retaining-Waills,”’) 


tons per a ft. tons per sq. ft, 
Brick, best pressed.. 40 to Limestones and marbles. 250 to 1 
Chalk. ccisceoe,. seseeee 20tO 30 Sandstone........ eavawee 150 to 550 
Granite....... +e+---- 300t0 1200 Soapstone......... sesee-- 400 to 800 


Strength of Granite.—The crushing strength of granite is commonly 
rated at 12,000 to 15,000 lbs. per sq. in. when tested in two-inch cubes, and 
only the hardest and toughest of the commonly used varieties reach a 
strength above 20,000 lbs, Samples of granite from a quarry on the Con: 
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necticut River, tested at the Matcesawn Areca bars Saown sietenest ot 
35.%5 Ibs. per sq. in. (Engineering News, Jan. 12, 1 


Stre ef Avondale, Pa., (‘Engineering Nets, 
Feb. 9, 1 Frese enreeieth oF Sie: eabeers Tight stome 12,112, gray stone 
18,040. Ibs. per sq. in. 


Transverse test of lintels, tool-dressed, 42 in. between knife-edge bear: 
ings, load with knife-edge brought upon the middle between bearings: 
veukeiied etc visa a ease 20,950 Tbs. 

US 0! 


%. wrasutenie Skinegth OF Wiackhne, 
GS. J. Steel & Iron Co.’s Book.) 
Expermests MaDe BY R. G. HaTFiztD AND OTHERS. 
6 = width of the stone in inches; d = its thickness in inches; ? = distance 
between bearings in inches. ; 
The breaking nce teens ee ee os 
of the space, will be as f 


3 1000 
inte oe ae IIHS to 2.7 


Thus a block of Quincy granite S90 inches wide and 6 inches thick, resting 
on beams 36 inches in the clear, would be broken bya load resting midway 


“between the beams = £2 % $8 ¢ gat = 49.92 tons. 


STRENGTH OF LIME AND CEMENT MORTAR. 
enaiuiathst October 2, 1891.) 


No. 18 sieve and caught on a No. 30, was used. The mortar in all cases con- 
sisted of two volumes of sand to one of lime paste. The following results 
Were obtained on adding various percentages of cement to the mortar: 


-Yensile Strength, pounds per square inch. 


Age. | 7 if 21 
tea tip eg: Days. Days. | Days. | Days. | Days. | Days. |Days. 
Lime mortar .........-.-| £ 8 10 18 21 267 
20 per cent R Me 5 ag 12 17 7. 18 
2° * Po: ue 5 14 20 25 24 26 
30 “© “ Rosendale..| 7 li 13 188g 21 226} 23 
SR « Eoeomie| wo | ae leg Bi By & | 35 
» 0“ e.. rR 
- @ ~ “. Portland., @z 39 3 43 47 59 57 
Ze. 6 “* Rosen E 9 13 20 16 2 Ry} 3 
> @ * “ Portiand....| 4 58 55 6 67 102 ris} 
So * “ Rosendale..j 12 18g | Re Cg 29 314g | 33 
8 “ “* Portland...) 8&7 91 18 12 4 210 145 
100 * “ Rosendale...) 18 23 26 31 % 46 48 
100 “ “* Portiand....) 90 ! 120 146 BES) 181 205 202 
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MODULI OF ELASTICITY OF VARIOUS MATERIALS, 

The modulus of elasticity determined from a tensile test of a bar of any 
material is the quotient obtained by dividing the tensile stress in pounds per 
Square inch at any point of the test by the elongation per inch of length 
produced by that stress ; or if P= pounds of stress applied, K = the sec- 
tional area, 1 = length of the portion of the bar in which the measure- 
ament is made, and A oe elongation in that length, the modulus of 
elasticity = = +}= 4. The modulus is generally measured within the 


elastic limit only, in materials that have a well-defined elastic limit, such as 
iron and steel, and when not otherwise stated the modulus is understood to 
be the modulus within the elastic limit. Within this limit, for such materials 
the modulus is practically constant for any given bar, the elongation being 
directly proportional to the stress. In other materials, such as cast iron, 
which have no well-defined elastic limit, the elongations from the beginning 
of a test increase in a greater ratio than the stresses, and the modulus is 
therefore at its maximum near the beginning of the test, and continually 
decreases. The moduli of elasticity of various materials have already been 
given above in treating of these materials, but the following table gives 
some additional values selected a sources ; 
wis 
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1,119,000 to 3,117,000 Avge. 1,926,000 

The maximum figures given by many writers for iron and steel, viz, 
40,008,000 and 42,000,000, are undoubtedly erroneous. The modulus of elas- 
ticity of steel (within the elastic limit) isremarkably constant, notwithstand- 
ing great variations in chemical analysis, temper, etc. It rarely is foun 
below 29,000,000 or above 31,000,000. It is generally taken at 30,000,000 in 
engineering calculations. Prof. J. B. Johnson. in hi report on Long-leaf 
Pine, 1893, says: *‘ The modulus of elasticity is the most constant and reliable 
ais od of all engineering materials. The wide range of value of the 
modulus of elasticity of the various metals found in public records must be 
explained by erroneous methods of testing.” 

In a.tensile test of cast iron by the author (Van Nostrand’s Science Series, 
No. 41, page 45), in which the ultimate strength was 23,285 lbs. per sq. in., 
the measurements of elongation were made to .0001 inch, and the modulus 
of elasticity was found to decrease from the inning of the test, as 
follows: At 1000 Ibs. per sq. in., 25,000,000; at 2000 Ibs., 16,666,000 ; at 4000 
1bs., 15,384,000 ;_at 6000 Ibs. 13,636,000 ; at 8000 Ibs. 12,500,000; at 12,000 Ibs., - 
fey 3 Bt 15,000 Ibs., 10,000,000; at 20,000 Ibs., 8,000,000 ; at 23,000 Ibs., 


6,140,000. 

. FACTORS OF SAFETY. 

A factor of safety is the ratio in which the load that is just sufficient to 
overcome instantly the strength of a piece of material is greater than the 
greatest safe ordinary working Joad. (Rankine.) 

Rankine gives the following “examples of the values of those factors 
which occur in machines **: — ee 

ve Load, ive Load, 
Dead Load. reatest. Mean. 


G 
Iron and steel........ 3 6 from 6 to 40 
Ln ae A ee 4to5 8to10 seee ay 
Es A eT anne | 8 wen 
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The great factor of safety, 40, is for shafts in millwork which transmit 
Wery variable efforts. : 

Unwin gives the following “factors of safety which have been adopted in 
cerita cases for different materials” They “include an allowance for 
ordinery contingencies.” 

Dead Live Load. —_______, 
nad: In Temporary In Permanent Im Struetures 

Structures. Structures. subj. to Shocks. 
+ orc 4 


; 


? Selection of the proper factor of safeiy or the proper maximum unit 
Stress for any given case isa matter to be largely determined by the judg- 


factor that should be adopted is 3. : 

>. 2, When the cirenmstances of 1 are modified by a of the load being 

_ ¥ariable, as in floors of warchouses, the facior be not less than 4, 

m 3. When the whole load, or nearly the whole, is apt to be alternately out 

ee rods of floors of bridges, the factor should 
Sor 
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5. When the piece is subjected to repeated shocks, the factor should be 
not less than 10. 

6. When the piece is subject to deterioration from corrosion the section 
should be sufficiently increased to allow for a definite amount of corrosion 
before the piece be so far weakened by it as to require removal. 

7. When the strength of the material, or the amount of the load, or both 
are uncertain, the factor should be increased by an allowance sufficient ta 
cover the amount of the uncertainty. 

8. When the strains are of a complex character and of uncertain amount, 
such as those in the crank-shaft of a reversing engine, a very high factor is 
necessary, possibly even as high as 40, the figure given by Rankine for shafts 
in millwork. 

THE MECHANICAL PROPERTIES OF CORK, 

Cork possesses qualities which distinguish it from all other solid or liquid 
bodies, namely, its power of altering its volume in a very marked degree in 
poneerecuce of change of pressure. It consists, practically, of an aggrega- 
tion of minute air-vessels, having thin, water-tight, and very strong walls, 
and hence, if compressed, the resistance to compression rises in a manner 
more like the resistance of gases than the resistance of an elastic solid such 
as a spring. In a spring the pressure increases in proportion to the dis- 
tance to which the spring is compressed, but with gases the pressure in- 
creases in amuch more rapid manner; that is, inversely as the volume 
which the gasis made to occupy. But from the permeability of cork to 
air, it is evident that, if subjected to pressure in one direction only, it will 
ae part with its occluded air by effusion, that is, by its passage 
through the porous walls of the cells in which it is contained. The gaseous 
part of cork constitutes 53¢ of its bulk. Its elasticity has not only a very 
considerable range, butit is very persistent. Thus in the better kind of corks 
used in bottling the corks expand the instant they escape from the bottles. 
This expansion may amount to an increase of volume of 752, even after the 
corks have been kept in a state of compression in the bottles for ten years. 
If the cork be steeped in hot water, the volume continues to increase till 
it attains nearly three times that which it occupied in the neck of the bottle, 

When cork is subjected to pressure a certain amount of permanent defor- 
mation or “‘permanent set” takes place very quickly. This property is 
common to all solid elastic substances when strained beyond their elastic 
limits, but with cork the limits are comparatively low. Besides the perma- 
nent set, there is a certain amount of sluggish elasticity—that is, cork on 
being released from pressure springs back a certain amount at once, but 
the complete recovery takes an appreciable time. 

Cork which had been compressed and released in water many thousand 
times had not changed its molecular structure in the least, and had contin- 
ued perfectly serviceable. Cork which has been kept under a pressure of 
three atmospheres for many weeks appears to have shrunk to from 80% to 
85% of its original volume.—Van Nostrand’s Eng’g Mag. 1886, xxxv. 307. 


TESTS OF VULCANIZED INDIA-RUBBER. 


Lieutenant L. Viadomiroff, a Russian naval officer, has recently carried 
out a series of tests at the St. Petersburg Technical Institute with a view to 
establishing rules for estimating the quality of vulcanized india-rubber. 
The following, in brief, are the conclusions arrived at, recourse being had 
-to physical properties, since chemical analysis did not give any reliable re- 
sult: 1. India-rubber should not give the least sign of superficial cracking 
when bent to an angle of 180 degrees after five hours of exposure ina close@ 
air-bath to a temperature of 125°C. The test-pieces should be 2.4 inches 
thick. 2. Rubber that does not contain more than half its weight of metal- 
lic oxides should stretch to five times its length without breaking. 3. Rub- 
ber free from all foreign matter, except the sulphur used in vuleanizin it, 
should stretch to at least seven times its length without rupture. 4. The 
extension measured immediately after rupture should not exceed 122 of the 
original length, with given dimensions. 5. Suppleness may be determined 
by measuring the percentage of ash formed in incineration. This may form 

e basis for deciding between different grades of rubber for certain pur- 

ses, 6. Vulcanized rubber should not harden under cold. These rules 

ve been adopted for the Russian navy.—Iron Age, June 15, 1893. 


XYLOLITH, OR WOODSTONE 


is a material invented in 1£83, but only lately introduced to the trade by 
Otto Serrig & Co., of Pottsehappel, near Dresden. It is made of magnesia 


- 
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cement, or calcined magnesite, mixed with sawdust and saturated with a 
solution of chloride of calcium. This pasty mass is spread out into sheets 
and submitted to a pressure of about 1000 ibs. to the square inch, and then 
simply dried in the air. Specific gravity 1.558. The fractured surface shows 
a uniform close grain of a yellow color. It has a tensional resistance when 
dry of 100 Ibs. per square inch, and when wet about 66 lbs. When immersed 
ee for 12 hours it takes up 2.1¢ of its weight, and 3.8% when immersed 
ours. 

When treated for several days with hydrochloric acid it loses 2.32 in 
weight, and shows no loss of weight under boiling in water, brine, soda-lye, 
and solution of sulphates of iron, of copper, and of ammonium. In hardness 


_the material stands between feldspar and quartz, and as a non-conductor of 


heat it ranks between asbestos and cork. 

it stands fire well, and at a red heat it is rendered brittle and crumbles at 
the edges, but retains its general form and cohesion. This xylolith is sup- 
plied in sheets from 4 in. to 144 in. thick, and up to one metre Square. It 
is extensively used in Germany for floors in railway stations, pe eS, etc., 
and for decks of vessels. It can be sawed, bored, and shaped with ordi 
woodworking tools. Putty in the joints and a good coat of paint make it 
entirely water-proof. It is sold in Germany for flooring at about 7 cents per 
square foot, and the cost of laying adds about 4 cents more.—Eng’g News, 
July 28, 1892, and July 27, 1898. 


ALUMINUM_iITS PROPERTIES AND USES, 
(By Alfred E. Hunt, Pres‘t of the Pittsburgh Reduction Co.) 


The specific gravity of pure aluminum in a cast state is 2.58; in rolled 
bars of large section it is 2.6; in very thin sheets subjected to high com- 
pression under chilled rolls, itis as much as 2.7. Taking the weight of a 
given bulk of cast aluminum as 1, wrought iron is 2.90 times heavier ; struc- 
tural steel, 2.95 times ; copper, 3.60 ; ordinary high brass, 3.45. Most wood 
suitable for use in structures has about one third the weight of aluminum, 
which weighs 0.092 lb. to the eubie inch. 

Pure aluminum is practically not acted upon by boiling water or steam. 
Carbonic oxide or hydrogen sulphide does not act upon it at any tempera- 
ture under 600° F. It is not acted upon by most organic secretions. 

Hydrochloric acid is the best solvent for aluminum, and strong solutions 
of caustic alkalies readily dissolve it. Ammonia has a slight solvent action, 
and concentrated sulphuric acid dissolves aluminum upon heating, with 
evolution of sulphurous acid gas. Dilute sulphuric acid acts but slowly on 
the metal,.though the presence of any chlorides in the solution allow rapid 
decomposition. Nitric acid, either concentrated or dilute, has very little 
action upon the metal, and suiphur has no action unless the metal is at a red 
heat. Sea-water has very little effect. on aluminum. Strips of the metal 
placed on the sides of a wooden ship corroded less than 1/1000 inch after six 
ane ths’ exposure to sea-water, corroding less than copper sheets similarly 


Pp # 

In malleability pure aluminum is only exceeded by gold and silver. In 
ductility it stands seventh in the series, being exceeded by gold, silver, 
platinum, iron, very soft steel, and copper. Sheets of aluminum have been 
rolled down to a thickness of 0.0005 inch, and beaten into leaf nearly as 
thin as gold leaf. The metal is most malleable at a temperature of between 
400° and 600° F., and at this temperature it can be drawn down between 
rolls with nearly as much draught upon it as with heated steel. It has also 
been drawn down into the very finest wire. By the Mannesmann process 
aluminum tubes have been made in Germany. = 

Aluminum stands very high in the series as an electro-positive metal, an@ 


lara with other metals should be avoided, as it would establish a galvanic 
- couple, 


The electrical conductivity of aluminum is only surpassed by pure copper. 


Silver, and gold. With silver taken at 100 the electrical conductivity of 
_ aluminum is 54.20 ; that of gold on the same scale is 78; zinc is 29.90; iron is 


‘ 


only 16, and platinum 10.60. Pure aluminum has no polarity, and the 


metal in the market is absolutely non-magnetic. 
Sound castings can be made of aluminum in either dry or ‘green ” sand 


_ moulds, or in metal ‘‘chills.” It must not be heated much beyond its 


of occlu 


Se end must be poured with care, owing to the ready absorption 
ed gases and air. e shrinkage in cooling is 17/64 inch per foot, 
or a little more than ordinary brass. It should be melted in plumbago 


_ crucibles, and the metal becomes molten at a temperature of 1120° F. ac- 


_ cording to Professor Roberts-Austen, or at 1300° F. according to Richards. 
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The coefficient of linear expansion, as tested on 8-inch round aluminunx 
rods, is 0,00002295 per degree centigrade between the freezing and boiling 
point of water. The mean specific heat of aluminum is higher than that of 
any other metal, excepting only magnesium and the alkali metals. From 
zero to the melting-point it is 0.2185; water being taken as 1, and the latent 
heat of fusion at 28.5 heat units. The coefficient of thermal conductivity of 
unannealed aluminum is 37.96; of annealed aluminum, 38.37. As a conductor 
of ee aluminum ranks fourth, being exceeded only by silver, copper, and 
gold. 

Aluminum, under tension, and section for section, is about as strong as 
cast iron. The tensile strength of aluminum is increased by cold rolling or 
cold forging, and there are alloys which add considerably to the tensile 
strength without increasing the specific gravity to over 3 or 3.25. 

The strength of commercial aluminum is given in the following table as 
the result of many tests : 


Elastic Limit Ultimate Strength Percentage 


per sq. in. in of Reduct’n 
Tension, of Area in 
Ibs. Tension. 
15,000 15 
12,000 24,000 85 
,000-30,000 80,000-65,000 60 
Bars...caisscbiabociswees 14,000 28,000 40 


The elastic limit per square inch under compression in cylinders, with 
length twice the diameter, is 3500. The ultimate strength per square inch 
under compression in cylinders of same form is 12,000. The modulus of 
elasticity of cast aluminum is about 11,000,000. It is rather an open metal in 
its texture, and for cylinders to stand pressure an increase in thickness must 
be given to allow for this porosity. Its maximum shearing stress in castings 
is about 12,000, and in forgings about 16,000, or about that of pure meer 

Pure aluminum is too soft and lacking in tensile strength and rigidity for 
many purposes. Valuable alloys are now being made which seem to give 
great promise for thefuture. They are alloys containing from 2% to 7% or 8% 
of copper, manganese, iron, and nickel. As nickel is one of the principal 
constituents, these alloys have the trade name of *t Nickel-aluminum.” 

Plates and bars of this nickel alloy have a tensile strength of from 40,000 to 
50,000 pounds per square inch, an elastic limit of 55% to 60% of the ultimate ten- 
sile strength, an elongation of 20% in 2 inches, and a reduction of area of 25%. 

This metal is especially capable of withstanding the punishment and 
distortion to which structural material is ordinarily subjected. Nickel- 
aluminum alloys have as much resilience and spring as the very hardest of 
hard-drawn brass. 5 

Their specific gravity is about 2.80 to 2.85, where pure aluminum has a 
specific gravity of 2.72. 

In castings, more of the hardening elements are necessary in order to give 
the maximum stiffness and rigidity, together with the strength and ductility 
of the metal; the favorite alloy material being zinc, iron, manganese, and 
copper. ‘Tin added to the alloy reduces the shrinkage, and alloys of alumi- 
num and tin can be made which have less shrinkage than cast iron. 

The tensile strength of hardened aluminum-alloy castings is from 20,000 
to 25.000 pounds per square inch. 

Alloys of aluminum and copper form two series, both valuable. The 
first is aluminum-bronze, containing from 5% to 1114% of aluminum; and the 
second is copper-hardened aluminum, containing from 2% to 15% of coppe?. 
Aluminum-bronze is a very dense, fine-grained, and strong alloy, having good 
ductility as compared with tensile strength. The 10% bronze in forged bars 
will give 100,000 lbs, tensile strength per square inch, with 60,000 lbs, elastic 
limit per square inch, and 10% elongation in 8 inches, The 5% to 714% bronze 
has a specific gravity of 8 to 8.30, as compared with 7.50 for the 10% to 111444 
bronze, a tensile strength of 70,000 to 80,000 lbs., an elastic limit of 40,000 
Tbs. per square inch, and an elongation of 30% in 8 finches. 

Aluminum is used by steel manufacturers to prevent the retention of the 
occluded gases in the steel, and thereby produce a solid ingot. The propor- 
tions of the dose rangé from ¥% 1b. to several pounds of aluminum per ton of 
steel. Aluminum is also used in giving extra fluidity to steel used in castings, 
making them sharper and sounder. Added to cast iron, aluminum causes 
the iron to be softer, free from shrinkage, and lessens the tendency to “ chill.” 

With the exception of lead and mercury, aluminum unites with all metals, 
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though it unites with antimony with great difficulty. A small percentage 
of silver whitens and hardens the metal, and gives it added strength; and 
this alloy is especially applicable to the manufacture of fine instruments 
and apparatus, The fellowing alloys have been found recently to be useful 
in the arts: Nickel-aluminum, composed of 20 parts nickel to 80 of aluminum: 
rosine, made of 40 parts nickel, 10 parts silver, 30 parts aluminum, and 20 
parts tin, for jewellers’ work; mettaline, made of 35 parts cobalt, 35 parts 
aluminum, 10 parts iron, and 30 parts copper. The aluminum-bourbounz 
metal, shown at the Paris Exposition of 1889, has a specific gravity of 2.9 to 
2.96, and can be cast in very solid shapes, as it has very little shrinkage, 
From analysis the followiug composition is deduced: Aluminum, 85.74%; tin, 
12.94%; silicon, 1.32%; iron, none. 

The metal can be readily electrically welded, but soldering is still not sat- 
isfactory. The high heat conductivity of the aluminum withdraws the heat 
of the molten solder so rapidly that it ‘freezes’ before it can flow suffi- 
ciently. A German solder said to give good results is made of 80¢ tin to 204% 
zinc, using a flux composed of 80 parts stearic acid, 10 parts chloride of 
zinc, and 10 parts of chloride of tin. Pure tin, fusing at 250° C., has also 

_been used as a solder. The use of chloride of silver as a flux has been 
patented, and used with ordinary soft solder has given some success. A 
pure nickel soldering-bit should be used, as it does not discolor aluminum 


as copper bits do, 
i : ALLOYS. 
ALLOYS OF COPPER AND TIN. 
(Extract from Report of U. S. Test Board,*) 


‘ 


a * a Osh im 
MeanCom-| Ga] o¢ |}. |8 [#8 | gl Porsion 
x | position by | E | fo gq |fy FS a i 
2 | Analysis. a2) 22 | ec pe a sali eo 
2 2 ashe o8 (ese lek. ./8eac 3 
Ei S| 2S | S82) o35 |Sau] PhSls6e| sou 
5 22] 2h | 288 | FSe Sk s/s Palzes| Ss 
% |Cop-lnn | Ge | a | Poo | SEs i2e3| Seales" | SEE 
per. §3| 82 | S88 |/s3e Sas] sa2/4 se] wed 
ete a7 | 8 a Ba po eel abi 
1 |100, |.......| 27,800) 14,000 | 6.47 | 29,848] bent.| 42,000] 148 | 153 
ta: 100; [05s 12,760) 11,000 } 0.47 | 21,251) 2.31 | 39,000] 65 40 
2 | 97.89] 1.90 | 24,580] 10,000 | 13.33 | 1.2... z.+ee-{ 84,000] 150 | 317 
3 | 96.06] 3.76 | 32,000) 16,000 | 14.29 | 33,232] bent.| 42,048] 157 | 247 
4 | 94.11) 5.43 |...... sl warieedity| Mes cs AR ORB. Sih) G25 aN yds ant taea s 
5 | 92.11| 7.80 | 28,540) 19,000 | 5.53 | 43,731; “ |°42,600) i60 | 496 
6 | 90.27] 9.58 | 26,860) 15,750 | 3.66 | 49,400] *« | 38,000] 175 | 114 
Git) OB8sAd 11/59" loetc saa| vowed | eh oe oof GO;40B}- BSC eae Nh apa 
8 | 87.15) 12.73 | 29,480) 20,000 | 3.33 | 34,581| 4.00 | 53,000] 182 | 400 
9 | 82.70] 17.34 |.......|.. os} 67,9801 0.68 [oc 22. ocee es [esac eee 
10 | 80, : 0.04 | 56,715] 0.49 | 78,000] 190 | “16 
11 | 7. é 20,026):0:96:1. 2 c2.|.nun |e ceakee 
12 | 76.63) 23.24 82.210] 0.19 |114,000] 128 3.4 
13 | 72.89] 26.85 |. 0. D519) 0.05) | vet aes oe 
14 | 69.84] 29:88 12,076| 0.06 |147,000] 18 1.5 
15 |} 68.58)_31.26 9;1b210:04' [28.7 | seca 
16 | 67.87) 32.10 |. F 9,477) 0.05:\ sui) .|ooes ck Peale 
“17 | 65.34) 34.47 4,776| 0.02 |°84,700| 16 1 
18 | 56.70] 43.17 2,126] 0.02 |. ......|. Peer 
19 | 44.52) 55.28 4,776| 0.03 } 85,800] 23 i 
20 | 84.22] 65.80 5,384] 0.04 | 19,600] 17 | 2 
21 | 23.25] 76.29 12,408). 0.27 Jip.sVsies oe fake 2 ae 
Bee NIDL0BI 84,621. o.5| concen bec gueins 9,063] 0.86 | 6,500) 23 | 25 
28 | 11.49] 88.47 -10 | 10,706) 5.85 | 10,100] 93 | 6 
24 | 8.57] 91.39 .87 | 5,305] bent.| 9,800] 23 | 132 
925 | 3.72) 96.31 | 4:7 12.32. } 6,925] ** | 9/800) 28. | 220 
26 | 0. 1100. 85.51 | 3,740! ** | 6 400] 12 ) B57 


* The tests of the alloys of copper and tin and of copper and zinc, the re- 
_ sults of which are published in the Report of the U. 8. Board appointed te 
_ test Iron, Steel, and other Metals, Vols. [ and II, 1879 and 1881, were made 


vy. the author under direction of Prof. R. H. Thurston, chairman of the 
- Committee on Alloys. See preface to the report of the Committee, in Vol. L, 
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Nos. 1a and 2 were full of biow-holes. : 
Tests Nos. 1 and 1a show the variation in east c due to varying con- 
ditions of casting. In the crushing tests Nos. 12 to 20, inclusive, crushed and 
broke under the strain, but all the others bulged and flattened out. In these 
cases the crushing strength is taken to be that which caused a decrease of 
10% in the length. The test-pieces were 2 in. long and 5g in. diameter. The 
torsional tests were made in Thurston’s torsion-machine, on pieces 5¢ in. 
diameter and 1 in. long between heads. 
Specific Gravity of the Copper-tin Alloys.—The specific 
gravity of copper, as found in these tests, is 8.874 (tested in turnings from 
the ingot, and reduced to 39,1° F.). The alloy of maximum sp. gr. 8.956 
contained 62.42 copper, 37.48 tin, and all the alloys containing less than 37% 
tin varied irregularly in sp. gr. between 8.65 and 8.93, the density depending 
‘not on the composition, but on the porosity of the casting. It is probable 
that the actual sp. gr. of all these alloys containing less than 87% tin is about 
8.95, and any smaller figure indicates porosity in the specimen, 
From 37% to 100% tin, the sp. gr. decreases regularly from the maximum of 
$.956 to that of pure tin, 7.293. 


Note on the Strength of the Copper=-tin Alloys. 


The bars containing from 2% to 24% tin, inclusive, have considerable 
strength, and all the rest are practically worthless for purposes in which 
strength is required. The dividing line between the strong and brittle alloys 
is precisely that at which the color changes from golden yellow to silver 
white, viz., at acomposition containing between 24% and 30% of tin. 

It appears that the tensile and compressive strengths of these alloys are 
in no way related to each other, that the torsional strength is closely pro- 
portional to the tensile strength, and that the transverse strength may de- 
pend in some degree upon the compressive strength, but it is much more 
nearly related to the tensile strength. The modulus of rupture, as obtained 
by the transverse tests, is, in general, a figure between those of tensile and 
compressive strengths per square inch, but there are a few exceptions in 
which it is larger than either. 

The strengths of the alloys at the copper end of the series increase rapidly 
with the addition of tin till about 4% of tin is reached. The transverse 
strength continues regularly to increase to the maximum, till the alloy con- 
taining about 1744% of tin is reached, while the tensile and torsional 
puen gts also increase, but irregularly, to thesame point. This irregularity 
is probably due to porosity of the metal, and might possibly be removed by 
any means which would make the castings more compact. The maximum | 
is reached at the alloy containing &2.70 copper, 17.34 tin, the transverse 
strength, however, Reine vee much greater at this point than the tensile 
or torsional strength. From the point of maximum strength the aoe 
drop rapidly to the alloys containing about 27.5% of tin, and then more slowly 
to 37.5%, at which point the minimum (or nearly the minimum) strength, by 
all three methods of test, is reached. The alloys of minimum strength are 
soene from 37.5% tin to 52.5% tin. The absolute minimum is probably about 

of tin. 

From 52.5% of tin to about 77.5% tin there is a rather slow and irregular ins 
erease in strength. From %7.5% tin to the end of the series, or all tin, the 
strengths slowly and somewhat irregularly decrease. 

The results of these tests do not seem to corroborate the theory given by 
some writers, that peculiar properties are possessed by the alloys which 
are compounded of simple multiples of their atomic weights or chemical ' 
equivalents, and that these properties are lost as the compositions vary’ 
more or less from this definite constitution. It does appear that a certain 
percentage composition gives a maximum strength and another certain 
percentage a minimum, but neither of these compositions is represented by 
siuaple multiples of the atomic weights. 

There appears to be a regular law of decrease from the maximum to the 
minimum strength which does not seem to have any relation to the atomic 
proportions, but only to the percentage compositions, 

Wardmness.—The pieces containing less than 24% of tin were turned in 
the lathe without difficulty, a gradually increasing hardness being noticed, 
ei tee = pee giving a very short chip, and requiring frequent sharpening 
of the tool. 

With the most brittle alloys it was found impossible to turn the test-pieces 
in the lathe to'a smooth surface. No. 13 to No. 17 (26.85 to 84.47 tin) could 
not be cut with a tool at all, Chips would fly off in advance of the too! and 
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_ Deneath it, leaving a rough surface; or the tool would sometimes, ap tly, 
erush off portions of the metal, ding it topowder. Beyon 20s tin. the 
hardness decreased so that the could be easily turned. 


ALLOYS OF COPPER AND ZINC. (U.S. Test Board). 


Limit |< 
position by| Tensile | gof |25 
Analysis. |Strength,) Break-|3 5 


No. Tos. per | ing | => 
sq.in. | Load, |o- 
Ibs. per |= 
sq. in. 
2 | 82.93} 16. 82,600 | 26.1 |26. 
8 | 81.91] 17. 32,670 | 30.6 |31. 
4°| 77.89) 22. 35,630 | 20.0 |35. 
5 | 76.65) 23. 30,520 | 24.6 135. 
6 | 73.20] 26. 81.580 | 28.7 |38.5| 25,894 danceect{y 168 
7 | 71.20} 28. 80,510 | 29.5 |29.2} 24,468] “ |oz..ee.| 164] 269 
8 | 69.74] 30. 28,120 | 28.7 {20.7} 26,9830} “ ]........) 143} 202 
9 | 66.27} 33. 800 | 25.1 187.7] 28,459] © |........1 176 | 257 
10 | 63.44] 36. 48,300 | 382.8 131.7) 43,216} ** |........] 202] 230 
11 | 60.94] 38. 41,065 | 40.1 |2u. 968 | s* %5,000| 194} 202 
- 12 | 58.49] 41. 450 | 64.4 110.1) 63,304 | “ PPS par 2164 Wek 
33 | 55.15] 44. 44,280 | 44.0 [15.3] 42,463 | * 78,000{ 209} 109 
34 | 54.86] 44. 46,400 | 53.9 | 8.0} 47,955] “ |........ 
15 | 49.66) 50. 80,990 | 54.5 | 5.0} 83,467 | 1.26 | 117,400] 172 
16 | 48.99] 50. 26,050 | 100. 0.8} 40,189 | 0.61 |........] 176] 16 
17 | 47.56/ 52. 24,150 | 100. 0.8) 48,471 | 1.17 | 121,000} 1554) 13 
18 | 43.36} 56. 9,170 | 100. {...-{ 17,691 | 0.10 ]........ 2 
+19 | 41.30} 58.12} 3,727 | 100. ]....| 7,761 | 0.04 ]........) 18 2 
20 | $2.94] 66.23] 1,774 | 100. }....] 8,296 | 0.04 ]........} 29 1 
~ 24:4} 29.20] 70.17) 6,414 | 100. |....] 16,579 | 0.04 ]........) 40 2 
22 | 20.81]. 77.63] 9,000 | 100. 0.2| 22,972 | 0.13 | 52,152] 65 1 
883 | 12.12) 86.67] 12,418 | 100. 0.4] 35,026 | 0.31 f....cc00} 82 3 
| R41 4.85} 94.59) 18,065 | 100. 0.5] 26,162 | 0.46 |........f S81] 22 
- 2 | Cast!Zine. 400 | 75. 0.71 +7539 | 0.12 | 22,000] 37] 142 


Variation in Strength of Gun-bronze, and Means of 
Improving the Strength.—tThe figures obtained for alloys of from 
7.8% to 12.7% tin, viz., from 26,860 to 29,430 pounds, are much less than are 

' usually given as the strength of gun-metal. Bronze guns are usually cast 
_ under the pressure of a head of metal, which tends to increase the stre! 

and density. Thestrengthof the upper part of a gun casting, or sinking 

head, is not greater than that of the smal] bars which have been tested in 

these experiments. The following is an extract from the report of Major 

_ Wade concerning the strength and density of gun-bronze (1850):—Extreme 

variation of six samples from different parts of the same gun (a 32-pounder 

- howitzer): Specific gravity, 8.487 to 8.835; tenacity, 26,428 to 52,192, Extreme 

_ variation of all the samples tested: Specific gravity, 8.308 to 8.850; tenacity, 

23,108 to 54,531. Extreme variation of all the samples from the gun heads: 
Specific gravity, 8.308 to 8.756; tenacity, 23.529 to 35,484. 

Major Wade says: The general results on the quality of bronze as it is 

_ found in guns are mostly of a negative character. They expose defects in 
_ density and strength, develop the heterogeneous texture of the metal in dif- 

_ ferent parts of the same gun, and show the irregularity and uncertainty of 
quality which attend the casting of all guns, although made from similar 
materials, treated in like manner. 

Navy ordnance bronze containing 9 parts copper and 1 part tin, tested at 
Washington, D.C.,in 1875-6, showed a variation in tensile strength from 
29,800 to 51,400 lbs. per square inch, in elongation frem 3% to 58%, and in spe- 
cific gravity from 8.39 to 8.88, 

That a great improvement may be made in the density and peony. of 
_ gun-bronze by compression has been shown by the experiments of Mr. §. B. 

_ Dean in Boston, Mass., in 1569, and by those of General Uchatius in Austria 
in 1873. The former increased the density of the metal next the bore of the 

gun from 8,321 to 8.875,and the tenacity from 27,238 to 41,471 pounds per 
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square inch, Thé latter, by a similar process, obtained the following figures 


for tenacity 
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The tensile tests were made on bars 0.7984 in. 
one half being marked 
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The transverse tests were made in bars 1 in. 


two halves of the tramsverse-test bar, 
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Ancient Bronzes,—The usual composition of ancient bronze was the 
saice as thet of modern gun-me*al—%@ copper, 10 tin; but the proportion of 
tin varies from 52 to 15¢, and im some cases lead has been found. Some an 
Gient Ezyptian tools contained § eopper, 12 tin, 


Sire of the Copper-zine Alloys.—The all ining less 
than 15% of zinc by original mixture were generally defective. The bars 
. Were fall of blow-holes, and the metal showed signs ‘o insure 


shu shay ix al tate prope, Tee nein Ge meas 
Similarity in their properties. F ve same 
Strength and ductility, the Istter decreasing fon ngs se: zine increases, and 
are nearly alike in color and appearance. Between Nos. Sand 10, 30.06 and 
36.36% zine, the stren by all methods of test rapidly inmereases. Between 
No. 10 and No. 15, 36. S and 50.142 zinc, there is another group, distinguished 
by high stren and diminished ductility. The alloy of maximum tensile, 
transverse and torsional strength ecntains about 41x of zine. 

The alloys containing less then 56g of zine are ali yellow metals. Beyond 
55s the color changes to white. and the alloy becomes weak and britile. Be- 


tween 70¢ and zine the color is bluish gray, the brittleness decreases 
and the s increases, but not to such a degree as to make them useful 
for constructive oases. 


Difference tween Composition by Mixture and by 
Grantee aanipets Gant en Sinead mince Ree Cae 
@verage analysis in the mi and a larger 
eepper. The loss of zine is variable. but in ¢_meral averages from 1 to 2<. 

Liquation or Separation of the Metals.—Im several of the 
bars a considerable amount of ligquation took place, analysis showing a 
Gifference in composition of the two ends of the bar. Im such cases the 
change in composition was gradual from one end of the bar to the other, 
the upper end In general contsining the higher percentage of re A 

instance was bar No. 13, in the above table, turninzs from the upper 
end containing 40.36 of zinc, and from the lower end 3 
. © Gravity.—tTh= specifie gravity follows a definite law. varying 
with the composition, and decreasing with the addition of zinc. From the 
~ plotted curve of specific gravities the following mean values are taken: 


Percenézine....... 08 0 DDD DW OM DW DM WO m 
Specific gravity....... §.80 8.72 8.60 §.40 8.36 8.20 8.00 7.72 7.40 7.20 7.14 


Graphic Hepresentation of the Law of Variation of 
Strength of Copper-Tin-Zine Allers,—in an oe triangle 
the sum of the perpendicular distances from any point withi 

_ Sides is equal to the altitude. Such a triangie can therefore be used to 


: ed, wires eths propor- 
tional to the tensile strengths. and the triangle then built up with plaster te 
the height of the wires. The surface thus formed has a characteristic 


the coy i ys. The hich point represents the strongest possible 
_ alloys of the three metals, Its composition is copper 55, inc 43, tin 2. and its 
strength about 70,000 lbs) The high ridge from this & to the point of 
maximum height of the section on the left is the line of the strongest alloys, 


Weand weak. Passing from the valley toward the section af the right the 
j lose their brittleness and become soft, the maximum softness bei 
= 100, but they remsin weak, as is shown by the low elevation of the 


surface. This model was med and constructed by Prof. Thurston in 
Gee Trans. A. S C. E. 188i Report of the U.S. Board appointed te 
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test Iron, Steel, efc., vol. if., Washington, 1881, and Thurston’s Materiah 
of. ig la gk Hed vol. iii.) 

The best alloy obtained in Thurston’s research for the U. S. Testing Board 
has the composition, Copper 55, Tin 0.5, Zinc 44.5, The tensile strength in a 
east bar was 68,900 lbs. per sq. in., two-specimens giving the same result; the 
elongation was 47 to 51 per cent in Sinches, Thurston’s formula for copper- 
tin-zinc alloys of maximum strength (frans. A. S. C. E.. 1881) is g-++ 3¢ = 55, 


Fie. 77. ° 


in which 2 fs the percentage of zinc and f that of tin. Alloys proportioned 
according to this formula should have a strength of about 40,000 Ibs, 
Lote < +500z, The formula fails with alloys containing less than 1 per 
cent of tin, 

The following would be the percentage composition of a number of alloys 
pete according to this formula, and their corresponding tensile strength in 
castings 3 


Strength Strengt 

ngth, . ren; 

Tin, Zine. Copper. “jp, per Tin. Zine, Copper. “5. coe 
; sq. 8q. in, 
1 52 @ 66,000 3 81 61 ° 55,500 
2 49 49 64,500 283 63 54,000 

fo 46 51 63,000 10 25 65 52,500 
4 43 61,500 12 19 69 49,500 
5 40 55 60,000 14 13 73 46,500 
6 87 yg 58,500 16 z W 43,500 
z & 59 57,000 18 1 81 


These alloys, while possessing maximum tensile strength, would in general 
be too hard for easy working by machine tools. Another series made on 
the formula z + 4 ¢ = 50 would have greater ductility, together with con- 
siderable strength, as follows, the strength being calculated as before,’ 
tensile strength in lbs. per sq. in, = 40,000 -++ 500z, 


ial 
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Tensile Tensile 

Tin. Zinc, Copper. 5 eo Tin. Zine. Copper. “Ibe per 
i rie] 53 63,000 z 22 ves 51,000 
2 42 56 61,000 8 18 74 49,000 
3 88 59 59,000 9 14 VW 47,000 
4 84 62 57,000 10 10 80 45,000 
5 80 65 55,000 11 6 83 43,000 
6 26 68 58,000 12 2 86 41,000 


Composition of Alloys in Fvery-day Use in Brass 
Foundries. (American Machinist.) (See also p. 203.) 


Tbs. | Ibs. | Tbs. 

5 | 8 |....../For parts of engines on board 

j naval vessels. 

seos--| 4 |,.....]Bells for ships and factories. 
8 |......| 14 |For plumbers, ship and house 

brass work. z 
, 4 4 |For bearing bushesfor shafting. 
1 


Admiralty metal.. 


8 |......|For pumpsand other hydraulic 
purposes, 
144} 1 |Castings subjected to steam 


pressure. 
Hard gun metal...] 16 |.....: 246 |. -|For heavy bearings. 
Muntz metal....... 40 |......|......|Metal fromwhich boltsand nuts 
are forged,valve spindles, etc. 
Phosphor bronze.. -+----| 8 phos, tin|For — pumps and general 
; wor 
ioe Mas «+ e210 “ “* IFor cog and worm wheels, 
bushes, axle bearings, slide 
A ve 2 vas Fears : f 
Brazing metal...... iiwwans = asws Flanges for copper pes 
oe solder.....1 50 GON. Sate A Solder for the bao anges. 


Gurley’s Bronze.—!6 parts copper, 1 tin, 1 zine, 1% lead, used by 
W. & L. E. Gurley of Troy for the framework of their engineer's transits. 
Tensile strength 41,114 Ibs. per sq. in., elongation 27% in 1 inch, Sp. gr. 8.696, 
QW. J. Keep, Trans. A. I. M. E. 1890.) 


Useful Alloys of Copper, Tin, and Zinc, 
(Selected from numerous sources.) =F 


Copper. Tin, Zinc, 
U. S. Navy Dept. journal boxes =} 6 1 14 parts, 
and guide-gibs.......cee.-ss00 28 13.8 3.4 per cent, 
Tobin bronze....... cceccnsecese 58.22 230 89.48% « 
Naval prass 202s... 1. i edevessanseceetiGe 1 Ses 
Composition, U. S. Navy...eccscesses 2A ? ; coe ‘ 
. ~ pa 
Brass bearings (J. Rose)......ececess {ee 110 18 per cent, ; 
Pee wreeteaneeseottanns eS TRE SE EE Ce 
Pee siecits sane eerescccessves 87.75 9.7 2.5.» Sie 
eh gree ee ssadevs aves. see 00 5 » (Rd 
be faint ge pS svacsuedodsccpucaes » OS 2 Want)? 
| 13 2 2 
+ Tough brass for OnZMES....coccovies {Rs 11.8 11.7 aideet | 
_ Bronze forrod-boxes (Lafond)....... & 16 2 slightly malleable 
** —* pieces subject toshock.. 83 15 1.50 0.50 lead, 
Red brass .... a sese-- parts ~ 20 1 7 is 
<a MAL. gle ka ane per cent 8&7 44 43 43 
Bronze for pump casings (Lafond)... 88 10 
“eccentric straps. = 14 


“ — shrill whistles... ..... 
._“ fow-toned whistles. 


Oo 
~ 
. 
. 
° 
. 
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Copper. Tin, Zinc. 


Art bronze, dull red fracture...c..+. 97 2 1 
Gold bronze....... ranine coe th oi BO Son Did 5.6 2.8 lead.) 
Bearing metal Swaucie al ° . 6 i 
Sodn oh oe teases : Oy a a 
Mn ee cee cca te Vspeie "8 
re Cea eines “pa ae 18 7 lead. 
on OD igs = smeriee Bae) UE 94 9 ead. 
English brass of a.p, 1504............ 64 3 2916 3% lead. { 


Tobin Bronze. —tThis alloy is practically a sterro or delta metal with 
the addition of a small amount of lead, which tends to render copper softer 
and more ductile. (F. L. Garrison, J. F’. I., 1891.) i 

The following analyses of Tobin bronze were made by Dr, Chas. B. Dudley: 


Pig Metal, Test Bar (Rolled), © 


per cent. »per cent. 
QOPPEL. 12+ cecnserccsesscccsecescess eos 59.00 61.20 
ANC. . cocdsee » 88.40 87.14 
TIN, J neevecsisevevcccceees 2.16 0,90 
ALOU. ics capwnvoncnenevbcdcsee.chencessie ot O14 0.18 
LEAD ..ocosssccceccsenceesccactvccscess: QOL 0.35 


Dr. Dudley writes, ‘‘We tested the test bars and found 78,500 tensile 
strength with 15% elongation in two inches, and 4014% in eight inches. This 
high tensile strength can only be obtained when the metal is manipulated. 
Such high results could hardly be expected with cast metal.” 

The original Tobin bronze in 1875, as described by Thurston, Trans. 
A. 8. C. E. 1881, had, composition of copper 58.22, tin 2.30, zine 3948. As 
cast it had a tenacity of 66,000 lbs. per sq. in., and as rolled 79,000 Ibs.; cold 
rolled it gave 104,000 Ibs. 

A circular of Ansonia Brass & Copper Co. gives the following :—The tensile 
strength of six Tobin bronze one-inch round rolled rods, turned down to & 
diameter of 54 of an inch, tested by Fairbanks, averaged 79,600 Ibs. per sq. 
in., and the elastic limit obtained on three specimens averaged 54,257 lbs. per 
Sq. in. 

At a cherry-red heat Tobin bronze can be forged and stamped as readily 
as steel. Bolts and nuts can be forged from it, either by hand or by ma- 
chinery, with a marked degree of economy. Its great tensile strength, and 
resistance to the corrosive action of sea-water, render it a most suitable 
metal for condenser plates, steam-launch shafting, ship sheathing and 
fastenings, nails, hull plates for steam yachts, torpedo and life boats, and 
ship-deck fittings. 

The Navy Department has specified its use for certain purposes in the 
machinery of the new cruisers. Its specific gravity is 8.071. The weight of 
a cubic inch is .291 Ib, 


Special Alloys. (Engineer, March 24, 1893.) 
Japanese Autoys for art work; 


Copper. | Silver. Gold. Lead, Zine, Tron, 


Shaku-do......] 94.50 1.55 3.73 0.11 trace. trace, 
Shibu-ichi. ,,..| 67.81 82.07 | traces, 52 


GinpERT’s AuLoy for cera-perduta process, for casting in plaster-of-paris, ~ 
Copper 91.4 ‘Tin 5.7 Lead 2.9 Very fusible. ’ 


COPPER-ZINC-IRON ALLOYS. 
@. L. Garrison, Jour. Frank. Inst., June and July, 1891.) 
Delta WKetal.—This alloy, which was formerly known as sterro-metal, 
is composed of about 60 copper, from 34 to 44 zinc, 2 to 4 iron, and 1 to 2 tin, 
The peculiarity of all these alloys is the content of iron, which appears to 
have the property of increasing ‘their sirens to an unusual degree. In 
making delta metal the iron is previously alloyed with zinc in known and 
definite -proportions. When ordinary wrought-iron is introduced into 
molten zine, the latter readily dissolves or absorbs the former, and will take 


( 


; 
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it up to the extent of about 5¢or more. By adding the zinc-iron alloy thus 
obtained to the requisite amount of copper, it is possible to introduce any 
definite quantity of iron up to 5% into the copper alloy. Garrison gives the 
following as the range of composition of copper-zinc-iron, and copper-zinc-~ 
tin-iron alloys: 


Tl, 

Per cent, : Per cent, 
a-eaneptag Ook tO Tron.... 0.1 to 5 
Mibaceped 50 to 65 EEDA arnt ois! orale «-. 0.1 to 10 

ee ee er 049.9 to 80 Zine.... +. 1.8 to 45 
Copper., 98 to 40 


The advantages claimed for delta metal are great strength and toughness. 
It produces sound castings of close grain. It can be rolled and forged hot, 
and can stand a certain amount of drawing and hammering when cold, It 
wanes a high polish, and when exposed to the atmosphere tarnishes less than 

Tass, 

When cast in sand delta metal has a tensile strength of about 45,000 pounds 
ae square inch, and about 10% elongation ; when rolled, tensile strength of 

0,000 to 75,000 pounds per square inch, elongation from 9% to 17% on bars 1.128 
inch in diameter and 1 inch area. 

Wallace gives the ultimate tensile strength 33,600 to 51,520 pounds per 
square inch, with from 10% to 20% elongation. 

Delta metal can be forged, stamped and rolled hot. It must be forged at. 
. dark cherry-red heat, and care taken to avoid striking when ata black 

eat. 

According to Lloyd's Proving House tests, made at Cardiff, December 20, 
1887, a half-inch delta metal-rolled bar gave a tensile strength of 88,400 
pounds per square inch, with an elongation of 80% in three inches, 

EHOSPHOR-BRONZE AND. OTHER SPECIAL 


S. 

Phosphor-bronze.—in the year 1868, Montefiore & Kunzel of Liége, 
Belgium, found by adding small proportions of phosphorus or *‘ phosphoret 
of tin or copper” to copper that the oxides of that metal, nearly always 
present as an impurity, more or less, were deoxidized and the copper much 
improved in strength and ductility, the grain of the fracture became finer, 
the color brighter, and a greater fluidity was attained. 

Three samples of phosphor-bronze tested by Kirkaldy gave: 


Elastic limit, Ibs. per sq. in ....... 23,800 24,700 16,100 
Tensile strength, lbs, per sq. in.... 52,625 46,100 44,448 
Elongation, per cent....+-....+.++ - 8.40 1.50 33.40 


The strength of phosphor-bronze varies like that of ordinary bronze 
according to the percentages of copper, tin, zine, lead, etc., in the alloy. 
Deoxidized Bronze.—This alloy resembles phosphor bronze some- 
what in composition and also delta metal, in containing zine and iron. The 
following analysis gives its average composition: 
2 


Copper » 82. Lon e/a sie emeven vee etOHO 
Win. 12.40 | Silver seporcae. UY 
Zinc.. 3.23 | Phosphorus......... 0.005 
Lead.. 2.14 


100.615 


Comparison of Copper, Silicon-bronze, and Phosphore 
bronze Wires, (Engineering, Nov. 23, 1883.) 


Description of Wire. Tensile Strength. [Relative Conductivity. 
Pure copper......eeeere seseeee| 39,827 Ibs. per sq. in. 100 per cent. 
Silicon bronze Gelegrapr de | AL BOB Ce. a 96 Pee Ae 

od * (telephone)..,..|108,080 ‘¢ ~‘ ‘* * Sha Panel ese 
Phosphor bronze (telephone). . 102,390 “* OG" etenns 


Penn. BR. BR. Co.’s Specifications for Phosphor= 
(1902).—The metal desired is homogeneous alloy of Sinner, TOTOT a ICON 
Jead, 9.50; phosphorus, 0.80. Lots will not he accepted if samples do not 
show tin, between 9 and 11%; lead, between 8 and 11%; phosphorus, between 
0.7 and 1%; nor if the metal contains a sum total of other substances than 
med eb} lead, and phosphorus in greater quantity than 0,50 per cent, (See 
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Silicon Bronze. (Aluminum World, May, 1897.) 


The most useful of the silicon bronzes are the 3% (97% copper, 3% silicon’ 
and the 5% (95% copper, 5% silicon), although the hardness and strength of 
the alloy can be increased or decreased at will by increasing or decreasing 
silicon. A 3% silicon bronze has a tensile strength, in a casting, of about 
55,000 Ibs. per sq. in., and from 50% to 60% elongation. The 5% bronze has a 
tensile strength of about 75,000 Ibs. and about 8% elongation. More than 54 
or 54% of silicon in copper makes a brittle alloy. In using silicon, either as 
a flux or for making silicon bronze, the rich alloy of silicon and copper 
which is now on the market should be used. It should be free from iron 
and other metals if the best results are to be obtained. Ferro-silicon is nob 
suitable for use in copper or bronze mixtures, 


ALUMINUM ALLOYS, 
Aluminum Bronze. (Cowles Electric Smelting and Al. Co.’s circular.) 

The standard A No, 2 grade of aluminum bronze, containing 10% of alumi- 
num and 90% of copper, has many remarkable characteristics which dis- 
tinguish it from all other metals, 

The tenacity of castings of A No, 2 grade metal varies between 75,000 and 
90,000 lbs. to the square inch, with from 4% to 14% elongation. 

Increasing the proportion of aluminum in bronze beyond 11% produces a 
pre alloy; therefore nothing higher than the A No. 1, which contains 11%, 
is made. 

The B, C, D, and E grades, containing 714%, 5%, 214%, and 114% of alumipum, 
respectively, decrease in tenacity in the order named, that of the former 
being about 65,000 pounds, while the latter is 25,000 pounds. While there is 
also-a proportionate decrease in transverse and torsional strengths, elastic 
limit, and resistance to compression as the percentage of aluminum is low- 
ered and that of copper raised, the ductility on the other hand increases in 
the same proportion. The specific gravity of the A No. 1 grade is 7.56. 

Bell Bros,, Newcastle, gave the specific gravity of the aluminum bronzes 


as follows: 
3%, 8.691; 4%, 8.621; 5%, 8.369; 10%, 7.689. 
Tests of Aluminum Bronzes, 
@®y John H. J. Dagger, in a paper read before the British Association, 1889.) 


Per cent Tensile Strength, Blonga- ges fh 
o) Tons per Pounds per tion, Gravity. 
Aluminum, Square inch.| square inch, per cent. ee 
40 to 45 | 89,600 to 100,800 8 eee 

33 ** 40 73,920 ‘* 89,600 14 7.69 

25 ** 30 56,000 ‘* 67,200 40 8.00 

2. 15 ** 18 33,600 ‘* 40, 40 8.37 

: ; 13S 15 29,120 ** 83,600 50 8.69 

1A O2 Beka oneis Ties 24,640 “* 29,120 55 ae 


Both physical and chemical tests made of samples cut from various sec- 
tions of 216%, 5%, 714, or 10% aluminized copper castings tend to prove that 
the aluminum unites itself with each particle of copper witb uniform pro- 
portion in each case, so that we have a product that is free from liquation 
and highly homogeneous. (R. C. Cole, Iron Age, Jan. 16, 1890.) 

Casting.—The melting point of aluminum bronze varies slightly with 
the amount of aluminum contained, the higher grades melting at a some. 
what lower temperature than the lower grades. The A No, 1 grades melt 
at about 1700° F’,, a little higher than ordinary bronze or brass, 

Aluminum bronze shrinks more than ordinary brass. As the metal solidi- 
fies rapidly it is necessary to pour it quickly and to make the feeders amply 
large, so that there will be no “freezing ” in: them before the casting is 
properly fed. Baked-sand moulds are preferable to green sand, except for 
small castings, and when fine skin colors are desired in the castings. (See 
paper by Thos, D. West, Trans. A. S. M. E. 1886, vol. viii.) 

All grades of aluminum bronze can be rolled, swedged, spun, or drawn 
cold except A 1 and A 2. They can all be worked at a bright red heat. 

In rolling, swedging, or spinning cold, it should be annealed very often, and 
at_a brighter red heat than is used for annealing brass, 

Brazing.—Aluminum bronze will braze as well as any other metal, 
using one quarter brass solder (zinc 500, copper 500 (and three quarters 
borax, or, better, three quarters cryolite, : 
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Soldering.—To solder aluminum bronze with ordinary soft (pewter) 
solder: Cleanse well the parts to be joined free from grease and dirt. Then 
place the parts to be soldered in a strong solution of sulphate of copper and 
place in the bath a rod of soft iron touching the parts to be joined. After 

a while a coppery-like surface will be seen on the metal. Remove from 
bath, rinse quite clean, and brighten the surfaces., These surfaces can then 


. be tinned by using a fluid consisting of zine dissolved in hydrochloric acid, in 


the ordinary way, with common soft solder. 

Mierzinski recommends ordinary hard solder, and says that Hulot uses 
an alloy of the usual half-and-half lead-tin solder, with 12.5%, 25% or 50% of 
zinc amalgam. eck 

Aluminum-Brass (E. H. Cowles, Trans, A. I. M. E., vol. xviii.j— 
Cowles aluminum-brass is made by fusing together equal weights of A 1 
aluminum-bronze, copper, and zine. The copper and bronze are first thor- 
oughly melted and mixed, and the zine is finally added. The material is left 
in the furnace until small test-bars are taken from it and broken. When 
these bars show a tensile strength of $0,000 pounds or over, with 2 or 3 per 
cent ductility, the metal is ready to be poured. Tests of this brass, on small 
bars, have at times shown as high as 100,000 pounds tensile strength. 

The screw of the United States gunboat Petrel is cast from this brass, 
mixed with a trifle less zine in order to tnerease its ductility. 


Tests of Aluminum-Brass, 
(Cowles E. S. & Al. Co.) 


Tensile | Elastic 


Diameter ~. ~ |Hlonga- 
. . A Area.|Strength,| Limit . 
Specimen (Castings.) | of Piece, |-7 jn’) Ibs. per lbs. per| 40D. Remarks, 
in, . . per 
Inch, |§% sq. ae sq. in. per ct. 

15% A grade Bronze. Dro 
176 Zine 22s. iveei 465 | .1698| 41,225 | 17,668] 4116 | S20. 
68% Copper... . Sauer ase 
1 part A Bronze.... eoas 
1 part Zine.......... 465 .1698| 78,327 | ......1 2% | oa oe 
1 part Copper.. ...- ; WOES 
1 part A Bronze.... ¢ god 
i part Zine..... BS 2460 |.1661| 72,246 |........] 2 | & oe 
1 part Copper...... a 


The first brass on the above list is an extremely tough metal with low 
elastic limit, made purposely so as to “ upset” easily. The other, which is 
ealled Aluminum-brass No. 2, is very hard. 

We have not in this country orin England any official standard by which 
to judge of the physical characteristics of cast metals. There are two con- 
ditions that are absolutely necessary to be known before we can make a 
fair comparison of different materials: namely, whether the casting was 
made in dry or green sand or in achill, and whether it was attached to a 
larger casting or cast by itself. It has also been found that chill-castings 
give higber results than sand-castings, and that bars cast by themselves 
purposely for testing almost invariably run higher than test-bars' attached 
to castings. Itisalsoa fact that bars cut out from castings are generally 
weaker than bars castalone, (EB. H. Cowles.) 

Caution as to Reported Strength of Alloys.—The same 
variation in strength which has been found in tests of, gun-metal (cop 
and tin) noted above, must be expected in tests of aluminum bronze and in 
fact of all alloys. They are exceedingly subject to variation in density and 
in grain, caused by differences in method of molding and casting, tempera- 
ture of pouring, size and shape of casting, depth of “ sinking head,” ete. 


Aluminum Hardened by Addition of Copper. 
Rolled Sheets .04 inch thick. (The Engineer, Jan. 2, 1891.) 


Tensile Strength 
Al. Cu. Sp. Gr. Sp. Gr. in pounds per 
Eee aeons Per cent. Calculated. eye step square inch. 
98 2 2.78 2.71 48,563 
96 4 2.90 BU i 44,130 
94 6 3.02 2.82 54,7738 
92 8 3.14 2.85 50,374 
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Tests of Aluminum Alloys, 
(Engineer Harris, U. S. N., Trans. A. I. M. E., vol. xviii.) 


Composition. Tensile |Elastic Elo Reduce 


© Aiea Strength, a oe on of 
‘Op- UMI-|Q5); ; i ersq.in.|Ibs per ‘ rea, 
per. | num, |Silicon.| Zine. | Iron, {Per ta. aq. in. | PEF et: | beret, 
91.50% | 6.50% 0.25% | 60,700 | 18,000] 28.2 80.7 
88.50 33 0.50 66,000 7,000 3.8 4.8% 
91.50 6.50 0.25 67,600 | 24,000] 138. 21.62 
90.00 9.00 Ne OO Pircance ces oe ++--| 72,830 | 33,000 2.40 5.78 
63.00 8.83 | 0.83 | 83.887] ....... 82,200 | 60,000 2.33 9.88 
63.00 8.33 | 0.33 | 383.383 |........ 70,400 | 55,000 0.4 4.33 
91.50 6.50 0.25 59.100 | 19,000} 15.1 23.59 
93.00 6.50 53,000 | 19,000 6.2 15.5 
88.50 9,33 0.50 69,930 | 33,000 1.33 | 3.30 
92.00 1.210 il Cs (Ip eset, 46,530 | 17,000 7.8" | 19.19 


For comparison with the above 6 tests of “ Navy Yard Bronze,” Cu 88, 
Sn 10, Zn 2, ave given in which the T. S. ranges from 18,000 to 24,590, E. L. 
from 10,000 to 13,000, El. 2.5 to 5.8%, Red. 47 to 10.89. 


Alloys of Aluminum, Silicon and Iron. 


M. and E. Bernard have succeeded in obtaining through electrolysis, by 
treating directly and without previous purification, the aluminum earths 
(red and white bauxites) the following : 

Alloys such as ferro-aluminum, ferro-silicon-aluminum and silicon-alumi- 
num, where the proportion of silicon may exceed 10% which are employed 
in the metallurgy of iron for refining steel and cast-iron. 

Also silicon-aluminum, where the proportion of silicon does not exceed 
10%, which may be employed in mechanical constructions in a rolled or 
hammered condition, in place of steel, on account of their great resistance, 
especially where the lightness of the piece in construction constitutes one 
of the main conditions of success. 

The following analyses are given: 

1, Alloys applied to the metallurgy of iron, the refining of steel and cast 
iron: No. 1. Al, 70%; Fe, 25%; Si, 5%. No.2. Al, 20; Fe, 20; Si, 10. No.3. Al, 
70; Fe, 15; Si, 15. No. 4. Al, 70; Fe, 10; Si, 20. No. 5. Al, 70; Fe, 10; Si, 10; 
Mn, 10. No.6, Al. 70; Fe, trace; Si, 20; Mn, 10. 

2. Mechanical alloys: No. 1, Al, 92; Si, 6.75; Fe, 1.25. No, 2. Al, 90; Si, 
9.25; Fe, 0.75. No. 3. Al, 90; Si, 10; Fe, trace, The best results were with 
alloys where the proportion of iron was very low, and the proportion of 
silicon in the neighborhood of 10%. Above that proportion the allov be- 
comes crystalline and can no longer be employed. The density of the alloys 
of silicon is approximately the same as that of aluminum,—La Metallurgie, 
1892. 

Tungsten and Aluminum, —Mr, Leinhardt Mannesmann says that 
the addition of a little tungsten to pure aluminum or its alloys communi- 
cates a remarkable resistance to the action of cold and hot water, salt 
water and other reagents. When the proportion of tungsten is sufficient 
the alloys offer great resistance to tensile strains. 

Aluminum, Copper, and Tin.—Prof. R. C. Carpenter, Trans. 
A.S,M.E., vol. xix., finds the following alloys of maximum strength in a 
series in which two of the three metals are in equal proportions: 

Al, 85; Cu, 7.5; Sn, 7.5; tensile strength, 30,000 Ibs. per sq. in.; elongation 
in 6 in, 4%: sp. gr., 3.02. Al, 6.25; Cu, 87.5; Sn, 6.25; T.S., 63,000; EL., 3.8; 
sp. er., 7.35. Al, 5; Cu, 5: Sn, 90; T. S., 11,000; El., 10.1; sp. gr., 6.82. 

Aluminum and Zine.—Prof. Carpenter finds that the strongest 
alloy of these metais consists of two pee of aluminum and one part of zine. 
Its tensile strength is 24,000 t: 26,000 Ibs. per sq. in.; has but little ductility, 
a readily cut with machine-tools, and is a good substitute for hard cast 

Tass. 

Aluminum and Tin.—M. Bourbouze bas com ounded an alloy of 
aluminum and tin, by fusing together 100 parts of the former with 10 parts 


of the latter. This alloy is paler than aluminum, and has a specific gravity . 


of 2.85, The alloy is not as easily attacked by several reagents as alumi- 
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-}®mum is, and it can also be worked more readily. Another advantage is that 
; Z can be soldered as easily as bronze, without further preliminary prepara- 
} ‘tions. 

i Aluminum-Antimony Alloys.—Dr. C. R. Alder Wright describes 
*some aluminum-antimony alloys in a communication read before the Society 
} of Chemical Industry. The results of his researches do not disclose the 
sexistence of a commercially useful alloy of these two metals, and have 
| wgreater scientific than practical interest. A remarkable point is that the 
salloy with the chemical composition Al Sb has a higher melting point than 
either aluminum or antimony alone, and that when aluminum is added to 
i pure antimony the melting-point goes up from that of antimony (450° C.) 
a certain temperature rather above that of silver (1000° C.). 


ALLOYS OF MANGANESE AND COPPER, 


Various Manganese Alloys.—tE. H. Cowles, in Trans. A.I. M, E., 
‘vol. xviii, p. 495, states that as the result of numerous experiments on 
‘mixtures of the several metals, copper, zinc, tin, lead, aluminum, iron, and 
‘manganese, and the metalloid silicon, and experiments upon the same in 
sascertaining tensile strength, ductility, color, etc., the most important 
ideterminations appear to be about as follows: 

1. That pure metallic manganese exerts a bleaching effect upon copper 
‘more radical in its action even than nickel. In other words, it was found 
‘that 1844% of manganese present in copper produces as white a color in the 
‘resulting alloy as 25¢ of nickel would do, this being the amount of each 
‘required to remove the last trace of red. 

2. That upwards of 20% or 25% of manganese may be added to copper with- 
pope qodurink. its ductility, although doubling its tensile strength and chang- 
ing its color. 

3. That manganese, copper, and zinc when melted together and poured 
into moulds behave very much like the most ‘ yeasty.’ German silver, 
producing an ingot which is a mass of blow-holes, and which swells up 
‘above the mould before cooling. 

: ite een the alloy of manganese and copper by itself is very easily 
oxidized, 

5. That the addition of 1.25% of aluminum to a manganese-copper alloy 
converts it from one of the most refractory of metals in the casting process 
into a metal of superior casting qualities, and the non-corrodibility of which 
is in many instances greater than that of either German or nickel silver. 

A ‘‘silver-bronze”’ alloy especially designed for rods, sheets, and wire 
has the following composition : Manganese, 18; aluminum, 1.20; silicon, 0.5; 

‘zine, 13; and copper, 67.5%. It has a tensile strength of about 57,000 pounds 
‘on small bars, and 20% elongation. It has been rolled into thin plate and 
drawn into wire .008 inch in diameter. <A test of the electrical conductivity 
of this wire (of size No. 32) shows its resistance to be 41.44 times that of pure 
‘copper. This is far lower conductivity than that of German silver. 

Manganese Bronze. (F. L. Garrison, Jour. F. I., 1891.)—This alloy 
has been used extensively tor casting propeller-blades. Tests of some made 
by B. H. Cramp & Co., of Philadelphia, gave an average elastic limit of 
180,000 pounds per square inch, tensile strength of about 60,000 pounds per 
‘square inch, with an elongation of 8% to 10% in sand castings. hen rolled, 
the elastic limit is about 80,000 pounds per square inch, tensile strength 
95,000 to 106,000 pounds per square inch, with an elongation of 12% to 15%. 

Compression tests made at United States Navy Department from the 
metal in the pouring-gate of propeller-hub of U.S, S. Maine gave in two tests 
a crushing stress of 126,450 and 135,750 lbs. per sq. in. The specimens were 
1 inch high by 0.7 xX 0.7 inch in cross-section = 0.49 square inth. Both spect 
mens gave way by shearing,.on a plane making an angle of nearly 45° with 
the direction of stress, 

A test on a specimen 1 X 1 X 1 inch was made from a piece of the same 
por ne Bare. Under stress of 150,000 pounds it was flattened to 0.72 inch 

igh by about 1144 x 114 inches, but without rupture or any sign of distress. 
_ One of the great objections to the use of manganese bronze, or in fact 
‘any alloy except iron or steel, for the propellers of iron ships is on account 

» of the gelvenic action set up between the propeller and the stern-posts. 
This difficulty has in great measure been overcome by putting strips of 
rolled zine around the propeller apertures in the stern-frames. } 

The following analysis of Parsons’ manganese bronze No.2 was mad@ 
from a chip from the propeller of Mr. W. K. Vanderbilt’s yacht Alva, 
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Goppersvs sie wen. sede vere 


VINO 1.570 
Tinie « 8.700 
Tron 0.720 
Lead .... 0.295 
Phosphorus. «sss. trace 
, 99.929 


It will be observed there is no manganese present and the amount of zine 
is very small. 

E. H. Cowles, Trans. A. I. M. E., vol. xviii, says : Manganese bronze, so 
called, is in reality a manganese brass, for zine instead of tin is the chief 
element added to the copper. Mr. P. M. Parsons, the proprietor of this 
brand of metal, has claimed for it a tensile strength of from 24 to 28 tons on 
small bars when cast in sand. Mr. W. CG. Wallace states that brass-founders 
of high repute in England will not admit that manganese bronze has more 
than from 12 to 17 tons tensile strength. Mr. Horace See found tensile 
strength of 45,000 pounds, and from 6% to 1214% elongation. 


GERMAN-SILVER AND OTHER NICKEL ALLOYS. 


German Silver.—The composition of German silver is a very uncertain 
thing and depends largely on the honesty of the manufacturer and the 
price the purchaser is willing to pay. It is composed of copper, zinc, and 
nickel in varying proportions. The best varieties contain from 18% to 25% of 
nickeland from 20% to 30% of zinc, the remainder being copper. The more 
expensive nickel silver contains from 25% to 33% of nickel and from 75% to 66% 
of copper. The nickel is used as a whitening element; it also strengthens 
the alloy and renders it harder and more non-corrodible than the brass 
made without it, of copper and zine. Of all troublesome alloys to handle in 
the foundry or rolling-mill, German silver is the worst. It is unmanageable 
and refractory at every step in its transition from the crude elements into 
rods, sheets, or wire. (EK. H. Cowles, Trans. A. I. M. E., vol. xviii, p. 494.) 


Copper. Nickel, Tin. Zine. 
Goermawallver.7acsstececsaccsveces 51.6 25.8 22.6 eae ee 
sy Sra meveserraete ce oerakae 50.2 14.8 3.1 31.9 
As = 5 4 51.1 13.8 3.2 31.9 
oe $6 - 62 t055 18 to 25 20 to 30 


75t066 25 to. 88 zs Sie 


A refined copper-nickel alloy containing 50% copper and 49¢ nickel, with 
very small amounts of iron, silicon and carbon, is produced direct from 
Bessemer matte in the Sudbury (Canada) Nickel Works. German silver 
manufacturers purchase a ready-made alloy, which melts at a low heat and 
requires simple addition of zine, instead of buying the nickel and copper 
separately, This alloy, ‘‘50-50”’ as it is called, is almost indistinguishable 
from pure nickel. Its cost is less than nickel, its melting point much lower, 
it can be cast solid in any form desired, and furnishes a casting which works 
easily in the lathe or planer, yielding a silvery white surface unchanged b: 
air or moisture. For bullet casings now used in various British and conti« 
nental rifles, a special alloy of 80% copper and 204% nickel is made. 


Copper. Nickel, Zine, 
v 31,4 6 


Chinese packfong.........s020 secssee 40.4 5 parts, | 
Sos tUbeN ARs: ecicts Acheter ne 3 6.5 ss 
German silver...... Seach Ree Me Cate 1 1 soe 
se sti(Gheaper) ti dei ceteeeeeS 2 3.5 os 
ae “ (closely resembles sil), 8 3 3.5 ss) 


ALLOYS OF BISMUTH, 


By adding a small amount of bismuth to lead that metal may be hard- 
ened and toughened. An alloy consisting of three parts of lead and two of 
bismuth has ten times the hardness and twenty times the tenacity of lead. 
The alloys of bismuth with both tin and lead are extremely fusible, and 
take fine impressions of casts and moulds. An alloy of one part bismuth, 
two parts tin, and one part lead is used by pewter-workers as a soft solder, 
and by soap-makers for moulds, An alloy of five parts bismuth, two parts 
tin, and three parts lead melts at 199° F., and is somewhat used for ster- 
eotyping, and for metallic writing-pencils. Thorpe gives the following — 
proportions for the better-known fusible metals; 
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Name of Alloy. Bismuth.| Lead. | Tin, | C24} Mer-}  Melting- 


mium| cury. point. 
Newton’s 50 202° F. 
Rose’s...... ne 50 DOReines 
D’ Arcet’s... 00+... a demiee 50 S01 
D’Arcet’s with mercury. 50 T1OsRr ts 
BN GOO a iie ty tasics age 50 149° 
Lipowitz's... 00% 6.6 Pee 50 140egus" 
Guthrie’s *‘ Entectic”’... 50 ** Very low.” 


The action of heat upon some of these alloys is remarkable, Thus, Lipo- 
witz’s alloy, which solidifies at 149° Fah., contracts very rapidly at first, as 
it cools from this point. As the cooling goes on the contraction becomes 
slower and slower, until the temperature falls to 101.3° Fah. From this 
point the alloy expands as it cools, until the temperature falls to about 77° 
Fah., after which it again contracts, so that at 32° F. a bar of the alloy has 
the same length as at 115° F, 

Alloys of bismuth have been used for making fusible plugs for boilers, but 
it is found that they are altered by the continued action of heat, so that one 
cannot rely upon them to melt at the proper temperature, Pure Banca tin 
is used by the U. S. Government for fusible plugs. 


FUSIBLE ALLOYS. (From various sources.) 


Sir Isaac Newton’s, bismuth 5, lead 8, tin 2, melts at.,..... seuss, O20 R, 
Rose’s, bismuth 2, lead 1, tin 1, melts at... 3 ~ 2 
Wood’s, cadmium 1, bismuth 4, lead 2, tin 1, melts at. 
Guthrie’s, cadmium 13.29, bismuth 47.38, lead 19.36, tin 19. 
head 3; tin 6;:bismuth 8; melts a6... 5c. coca ca dedeseceidwe eoenciaresave te0R) 
Lead 1, tin 3, bismuth 5, melts at.......4 
Lead 1, tin 4, bismuth 5, melts at..... .. 
Tin 1, bismuth 1, melts at............ 
Lead 2, tin 3, melts at........... 
Tin 2, bismuth 1, melts at......... 
Read: ttin 2, melts atic: .c<vceswsbclellcnecscers 
Tin 8, bismuth 1, melts at... 5 

Lead 2, tin 1, melts at ..... 
Lead 1, tin 1, melts at....... 
Lead 1, tin 3, melts at....... 
Tin 3, bismuth 1, melts at..... 


Lead 1, bismuth 1, melts at....... aN Sor 
Lead 1, Tin 1, bismuth 4, melts at.. R01 gS 
Lead 5, tin 3, bismuth 8, melts at. of OS® 


Tin 3, bismuth 5, melts at........ 


BEARING-‘METAL ALLOYS, 
(C. B. Dudley, Jour. F. I, Feb. and March, 1892.) 


' Alloys are used as bearings in place of wrought iron, cast iron, or steel, 
partly because wear and friction are believed to be more rapid when two 
metals of the same kind work together, partly because the soft metals are 
more easily worked and got into proper shape, and partly because it is de- 
sirable to use a soft metal which will take the wear rather than a hard — 
metal, which will wear the journal more rapidly. 

A good bearing-metal must have five characteristics: (1) It must be strong 
enough to carry the load without distortion. Pressures on car-journals are 

_ frequently as high as 350 to 400 lbs. per square inch. 

__ (2) A good bearing-metal should not heat readily. The old copper-tin 

_ hearing, made of seven parts copper to one part tin, is more apt to heat 
than some other alloys. In general, research seems to show that the harder 

_ the bearing-metal, the more likely it is to heat. 

(8) Good bearing-metal should work well in the foundry. Oxidation while 
melting causes spongy castings. It can be prevented by a liberal use of 
powdered charcoal while melting. The addition of 1% to 2% of zincor a 
small amount of phosphorus greatly aids in the production of sound cast- 


ings. This is a principal element of value in phosphor-bronze. 


~ 
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@ Good bearing metals should show small friction. It is true that friction 
is almost wholly a question of the lubricant used; but the metal of the bear- 
ing has certainly some influence, 
ao Other things being equal, the best bearing-metal is that which wears 

lowest. 

The principal constituents of bearing-metal alloys are copper, tin, lead, 
zinc, antimony, iron, and aluminum. The following table gives the constitu- 
ents of most of the prominent bearing-metals as analyzed at the Pennsyl- 
Vania Railroad laboratory at Altoona, 


Analyses of Bearing-metal Alloys. 


Cop- ae Anti- 
Metal. si Tin. oe Zine. moony. | ee 
Camelia metal........ minsone cnieemn: 
Anti-friction metal. ............. 


White metal... ........... = Sd 
Car-brass lining. inane Sane PERUSE ae 
2 anti-friction..... ana 
Graphite bearing-metal 
Antimonial lead......... 


Cornish bronze.......... 
Delta metal............. S 
*Magnolia metal................ 


Harrington bronze.. 
Car-bex metal.... .. 
Hard lead........... 
Phosphor-bronze. . 


Ex. B. metal........ BeccetGe epee 

; aid bie erg on 
1) No graphite. ‘0 manganese. 
@) Possible trace of carbon. (6) Phosphorus or arsenic, 0.37, 
(8) Trace of phosphorus. (7) Phosphorus, 0.94. 


(4) Possible trace of bismuth. {8) Phosphorus, 0.20. 


*Dr. H. C. Torrey says this analysis is erroneous and that Magnolig 
metal always contains tin. 

As an example of the influence of minuté changes in an alloy, the Har- 
rington bronze, which consists of a minute proportion of iron in 'a 
zine Bey oret after rolling a tensile strength of 75,000 Ibs. and 20¢ aun 
gation in 2 inches. 

In experimenting on this subject on the Pennsylvania Railroad, a certain 
amie’ of the bearings were made of a standard bearing-metal, and the 
Same number were made of the metal to be tested. These bearings were 
Placed on opposite ends of the same axle, one side of the car having the 
Standard bearings. the other the Timental. Before going into service 
the bearings were carefully weighed, and after a sufficient time they were 
again weighed. 

The standard bearing-metal used is the “‘S bearing-metal ” of the Phos- 
phor-bronze Smelting Co, It contains about 79.70¢ copper, 9.50 lead, 10¢ 
tin, and 0.80% phosphorus. A large number of experiments have shown that 
the loss of weight of a bearing of this metal is 1 lb. to each 18,000 to 25,003 
miles travelled. Besides the measurement of wear, observations were made 
on the uency of *‘ hot boxes ” with the different metals. 

The results of the tests for wear, so far as given, are condensed into the 
following table ; 


- 


Metal. _  ————_ of 
Copper. 
Standard........-. - 73.70 
ps adh mpg hers etal 
-tin, experiment, same mi: i 
Copper-tin, third experiment, sa 
Arsenic-bromze ...... 3.20 
Arsenic-bronze... .. 79.20 
Arsenic. aseev a WOLD é a : 
© bronan, aocond Guatedeicnis anid peed oss. eee 
2 SAME MiCtal .-... ceevccecese-co-ceecees G2. 4- 
Alloy 6B seec252 77.0 8.00 15.0 cove one 4 
The old copper-tin alloy of 7 toi has repeatedly proved its inferiority to the ' 
r- Many more of the copper-tin ings 
than of the phosphor-bronze. The showing of these tests was so satisfac- 
-bronze was ad as the standard bearing-metal of 
the Pennsylvania R.R., and was used for a long time. 
i juben the pieea el plessoian oe pti : Noy, and three 
Tus ina alloy, 
tests were made with foomdn as mbted abaya" ie the i 
te lead is increased to with standard, the durability increases 


correspond with the i 
as well. In view of these results the “ K * bronze was tried, in which neither 
ase epee Were used. and in which the lead was i 


wear.” It was now attempted to design an alloy in ith this 

law, taking first the i pi copeen tad. So 6 Derst Copaee fo Siok 

tin was settled.on by experiment as Standard, although evidence 
BE) 


tim is diminished, and the amount of lead increased, so a limit is set to 
pam ioe fear ag al 4 certain amount of tin is also necessary to keep the lead 
OF copper. 
Bearings were cast of the metal noted in the table as alloy “ B,” and it 
bag aa le jad aaa any a s Haardig This metal is now 
Standard bearing-metal ennsylvania Railroad. being slightly 
“ta! low the use of phosphor-bronze 7 The 
formula is: Copper, 105 Ibs.; phosphor-bronze, 60 Ibs.; tin, 934 Tbs. ; 


lead, lbs. By using crdinary cgre in the foundry. k the metal 


Pogterton ft, lipid gra itin the melting-hole. The tm and lead should 
added after the pot is taken from the fire- 


has given good 
(Por other bearing-metals, sce Alloys containing antimony, on next page.) 
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ALLOYS CONTAINING ANTIMONY. 


Various ANALYSES or BABBITT METAL AND OTHER ALLOYS CONTAINING 
ANTIMONY. 


Tin.|Copper} Antimony.| Zinc, 


pe Se 
Babbitt metal k 50 1 [ey tC et Lelaerpinnts: |Site 
for light duty f =89.3} 1.8 8.9perct.|.......... 
Harder Babbitt} 96 4 parts 
for bearings* { =88.9] 3.7 7.4 per ct, 
Britannia.. ... 85.7; 1.0 | 10.1 
a SC rene i (') Mee te=f. 1652 
ie. oe se. 81.0} 2 16. 
i) Sates 0.5) 4 25.5 
s sis sede biee, 10 62. 
“Babbitt”.... 45.5} 1.5 |-13. 
Plate pewter.. 89.3) 1.8 7.1 pimale’s ocala s | see eNEN 1.8 
White metal... 85 5 10. Bearings on Ger. locomotives, 


*It is mixed as follows: Twelve parts of copper are first melted and then 
36 parts of tin are added; 24 parts of antimony are put in, and then 36 parts 
of tin, the temperature being lowered as soon as the copper is melted in 
order not to oxidize the tin and antimony, the surface of the bath being 
protected from contact with the air, The alloy thus made is subsequently 
remelted in the proportion of 50 parts of alloy to 100 tin. (Joshua Rose.) 

White-metal Alloys.—The following alloys are used as lining metals 
by the Eastern Railroad of France (1890): 


Number. Lead, Antimony. Tin, Copper. 
wale scale oe baie - 65 25 0 10 
CARRS aaa aD) 11.12 83.33 5.55 
Orcas ese ent 20 10 0 
ee aa eovccccs OO 8 12 0 


No. 1is used for lining cross-head slides, rod-brasses and axle-bearings: 
No. 2 for lining axle-bearings and connecting-rod brasses of Heaty. engines; 
No. 3 for lining eccentric straps and for bronze slide-valves; and No. 4 for 
metallic rod-packing. : 

Some of the best-known white-metal alloys are the following (Circular 
of Hoveler & Dieckhaus, London, 1893): 


IP ATBONS oe reves eee 

&. Richards’) 00 oo. ccases 70 15 10: 4 0 
8. Babbitt siccssecsceccacen fo OS 18 23 8 0 
ie ence ye eshte 16 ° 0 5 ane 
. French Navy. u id 

6. German Navy. 85 1% 0 % 0 


“There are engineers who object to white metal containing lead or zinc. 
This is, however, a peace quite unfounded, inasmuch as lead and zine 
often have properties of great use in white alloys.” 

It is a further fact that an “easy liquid” alloy must not contain more 
than 18% of antimony, which is an invaluable ingredient of white metal for 
pp rors its hardness; but in no case must it exceed that margin, as this 
would reduce the plasticity of the compound and make it brittle. 

Hardest alloy of tin and lead: 6 tin, 4 lead. Hardest of all tin alloys (2): 74 
tin, 18 antimony, 8 copper. 

Alloy for thin open-work, ornamental castings:, Lead 2, antimony 1. 
oe metal for patterns: Lead 10, bismuth 6, antimony 2, common brass 8, 

in 10. 

Type-metal is made of various proportions of lead and antimony, from 
17% to 20% antimony according to the hardness desired. 


Babbitt Metals, (0. R. Tompkins, Mechanical News, Jan. 1891.) 
The beeateg of lining journal-boxes with a metal that is sufficiently fusi- 
ble to be melted in a common ladle is not always so much for the purpose 


of securing anti-friction properties as for the convenience and cheapness of 
forming a perfect bearing in line with the shaft without the necessity of 
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‘yoring them. Boxes that are bored, no matter how accurate, require great 
2are in fitting and attaching them to the frame or other parts of a machine. 
It is not good practice, however, to use the shaft for the purpose of cast- 
ing the bearings, especially if the shaft be steel, for the reason that the hot 
metal is apt to spring it; the better plan is to use a mandrel of the same 
size or a trifle larger for this purpose. For slow-running journals, where 
the load is moderate, almost any metal that may be conveniently melted 
and will run free will answer the purpose. For wearing properties, with a 
moderate speed, there is probably nothing superior to pure zinc, but when 
not combined with some other metal it shrinks so much in cooling that it 
cannot be held firmly in the recess, and soon works loose; and it lacks those 
anti-friction properties which are necessary in order to stand high speed. \ 

For line-shafting, and all work where the speed is not over 300 or 400 7. p. 
m., an alloy of 8 parts zine and 2 parts block-tin will not only wear longer 
than any composition of this class, but will successfully resist the force of 
a heavy load. The tin counteracts the shrinkage, so that the metal, if not 
overheated, will firmly adhere to the box until it is worn out. But this 
mixture does not possess sufficient anti-friction properties to warrant its use 
in fast-running journals. 

Among all the soft metals in use there are none that possess greater anti- 
friction properties than pure lead; but lead alone is impracticable, for it isso 

-soft that it cannot be retained in the recess. But when by any process lead 
can be sufficiently hardened to be retained in the boxes without materially 
injuring its anti-friction properties, there is no metal that will wear longer 
in lizht fast-running journals. With most of the best and most pop 
anti-friction metals in use and sold under the name of the Babbitt metal, 
the basis is lead. 

Lead and antimony have the property of combining with each other in 
all proportions without impairing the anti-friction pve of either. The 
antimony hardens the lead, and when mixed in the proportion of 80 parts 
lead by weight with 20 parts antimony, no other known composition of 
metals possesses greater anti-friction or wearing properties, or will stand a 
higher speed without heat or abrasion. It runs free in its melted state, has 
no shrinkage, and is better adapted to light high-speeded machinery than 
any other known metal. Care, however, should be manifested in using it, 
and A showy: never be heated, beyond a temperature that will scorch a dry 
pine stick. 

Many different compositions are sold under the name of Babbitt metal. 
Some are good, but more are worthless; while but very little genuine Babbitt 
metal is sold that is made strictly according to the original formula. Most 
of the metals sold under that name are the refuse of type-foundries and 
other smelting-works, melted and cast into fancy ingots with special brands, 
and sold under the name of Babbitt metal. 

It is difficult at the present time to determine the exact formulas used by 
the original Babbitt, the inventor of the recessed box, as a number of differ. 
ent formulas are given for that composition. Tin, copper, and antimony 
were the ingredients, and from the best sources of information the original 


proportions were as follows: 
Another writer gives: 


50 parts tin 5... sscccccscccteccsceseai=3 89.9% 83.3% 
DParts COPPEP.......cscoccssecens = 8.6% 8.3% 
4parts antimony...........0..--.. = 7.1% 8.3% 


The copper was first melted, and the antimony added first and then about 
ten or fifteen pounds of tin, the whole kept at a dull-red -heat and constantly 
stirred until the metals were thoroughly incorporated, after which the 
balance of the tin was added, and after being thoroughly stirred again it 
was then cast into ingots. When the copper is thoroughly melted, and 
before the antimony is added, a handful of powdered charcoal should be 
thrown into the crucible to form a flux, in order to exclude the air and pre- 
vent the antimony from vaporizing; otherwise much of it will escape in the 
form of a vapor and conpequonely be wasted. This metal, when carefully 
prepared, is probably one of the best metals in use for lining boxes that are 
subjected to a heavy weight and wear; but for light fast-running journals 
the ge ae renders it more susceptible to friction, and it is more liable to 
heat than the metal composed of lead and antimony in the proportions just 
given, 
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SOLDERS. 


Common solders, equal parts tin and lead; fine solder, 2 tin to 1 lead; cheap 


solder, 2 lead, i tin. 
Fusing-point of tin-lead alloys: 


: Tin 11¢ to lead 1......334° F, 
54 age we yo 340 
SM OSS ace eae 
“ 4 “ ee PRES 365 
“ 5 “ oo 1 aa: 278 
S66 Md ah 


Common pewter contains 4 lead to 1 tin. 


Gold solder: 14 € gate een 6 silver, 4 copper. Gold solder for 14-carat ° 
x ver, 


gold: 25 parts gol 236 brass, 1 zine. 


Silver solder: Yellow brass 70 parts, zine 7, tin 1144. Another: Silver 145 


parts, brass (3 copper, 1 zinc) 73, zine 4. 
German-silver solder: Copper 38, zinc 54, nickel 8. 
Novel’s solders for aluminum: 


Tin 100 parts, lead 5; melie ot Eo ae ee 


“zine 5; 


“1000 “ copper10to15: “ 662 to 812 ‘ 
“1000 “ nickel 10to15: “  662%0 842 = 


Novel’s solder for aluminum bronze: Tin 900 parts, copper 100, bismuth 2 


to 3. It is claimed that this solder is also suitable for 3 
copper, brass, zinc, iron, or nickel, 


ROPES AND CABLES. 
STRENGTH OF ROPES. 


aluminum to 


(4 8. Newell & Co., Birkenhead. Klein’s Translation of Wei bach, vol. iii, 
part 1, sec. 2.) 
Hemp. Tron, Steel. 
7 Tensile 
Weight Weight Weight Stre 
Girth. | “per | Girth. | pe | ire, | ele natn. 
Fathom. Fathom. Fathom. 
Ingtee Sinan se age be ei Inches, | Pounds. ineteracaers 
1 13g 1 1 3 
8% 4 1 4 
1 216 1 5 
P34 5 17 3 6 
3 21g 1 2 7 
BG 7 4 1% 2 8 
6 9 ~ 1% 3 10 
6% 10 es 2 Bg 12 
994 6 24 4 18 
7 12 2% Z| 4] 4% 14 
5 
Hs 14 31g 8 5 16 
| BL | : 
pcg Raed ae Ue a 
&% 18 Be a 234 64 a 
2 BY 13 8 26 
Ae RC et 4 
il 30 15 83g 9 30 
» | 8 
12 34 12 40 


i 


Tensile 
Weight | Strength. 
4 20 
x 
Use 3 
5h x a 
ag 204; 2 | 3 
x x 
=x =x 
Z 5 5 
ms tg ri) 


Wo Load, Diameter, and Weight of Ropes and 
sig lg (Klein’s Weisbach, vol. ili, part 1, sec. 2, p. 61.) 


ye rs aaa thes ape pate ps 
of chain2.6d long. G,— 
per running foot = 9.724? Ibs. 


i 003 /P 
| 916d? — 1975G 
154d? = 0.005P 
Open-link Chsin_ 
dbs) = 00 1140 
d(ms)= 0.07 4 0.0076 4/P / 
_ j= 1335302? — 130g 173000? = 
¢ = 9.734? = 0.O07T3TP 10.64? = 0.0006P 
Stud thains 4/3 times as strong as open-link variety. fThis is contrary to 
the statements of Capt. Bearisicc, US. N_ in the 2 of the U.S. Test 
Board. He holds that the open link is stronger than Studded ink. See 


Pp. 38 anteL 
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STRENGTH AND WEIGHT OF WIRE ROPE, HEMPEN ROPE, AND 
CHAIN CABLES. (Klein’s Weisbach.) 


F Girth of Wire Rope . 
Breaking Load Weight of One 
in souk of Kind of Cable. bt ae Rone Foot In length, 
2240 Ibs. of Chain, inches, Pounds, 
Wire Rope 1.0 0.125 
1Ton,........+...}4 Hemp Rope 2.0 0.177 
Chain A 0.500 
Wire Rope 2.0 0.438 
8 Tons.....-.....|4 Hemp Rope 5.0 0.978 
Chain és 2.667 
Wire Rope 2. 0.753 - 
12 Tons......... .|4 Hemp Rope 7.0 2.036 
Chain 11/16 4.502 
Wire Rope 8.0 1.186 
16 Tons.....,2.0+.|4 Hemp Rope 8.0 2.365 
Chain 13/16 6.169 
Wire Rope 3.5 1.546 
20 Tons,...... ...|4 Hemp Rope 9.0 3.225 
Chain 29/382 7.674 
Wire Rope 4.0 043 
24 Tons.......-.+.(4 Hemp Rope 10.0 4.166 
Chain 31/82 8.836 
Wire Rope 4.5 2.725 
30 Tons....... ..|4 Hemp Rope 11.0 5.000 
Chain 1.1/16 10.335 
Wire Rope 5.0 3.723 
86 Tons..... «e.+-.|4 Hemp Rope 12.5 5.940 
Chain 1.3/16 13.01 
Wire Rope 5.5 4.50 
44 Tons,..........|4 Heinp Rope 14.0 6.94 
Chain 1.5/16 16.00. 
Wire Rope 6.0 5.67 
54 Tons.....0.....|4 Hemp Rope 15.0 7.92 
Chain 1.7/16 19.16 
Length sufficient to provide the maximum working stress: 
Hempen rope, dry and untarred.............0-+-+ 2855 feet. 
sg “S(gwet Or tarred ccsncus <cscesoeece: ve AOTOD Eee 
Wire rope......... SonsiMweblaes Svese 4590 
Open-link chain......... ..... 2 Peksh sis! 1360 ‘* 
Stud chain........... Sarsiueny Canoe PA BOC ACRE RALE 1660 


Sometimes, when the depths are very great, ropes are given approximately 
the form of a body of uniform srenria, by making them of separate pieces, 
whose diameters diminish towards the lower end. It is evident that by this 
means the tensions in the fibres caused by the rope’s own weight can be 
considerably diminished. 

Rope for Hoisting or Transmission. QWWanila Rope- 
(C. W. Hunt Company, New York.)—Rope used for hoisting or for trans- 
mission of power is subjected to a very severe test. Ordinary rope chafes 
and grinds to powder in the centre, while the exterior may look as though 
it was little worn. 

In bending a rope over a sheave, the strands and the yarns of these strands 
pide a smelt distance upon each other, causing friction, and wear the rope 
internally. 

The ‘‘Stevedore” rope used by the C. W. Hunt Co. is made by lubricating 
the fibres with plumbago, mixed with sufficient tallow to hold it in position. 
This lubricates the yarns of the rope, and prevents internal chafing and 
wear. After running a short time the exterior of the rope gets compressed 
and coated with the lubricant. 

In manufacturing rope, the fibres are first spun into a yarn, this yarn 
being twisted in a direction called “‘right hand.” From 20 to 80 of these 
aes depending on the size of the rope, are then put together and twisted 
in the opposite direction, or ‘left hand,” into a strand. Three of these 


STRENGTH OF ROPES. 341 


strands, for a 8-strand, or four for a 4-strand rope, are then twisted 
together, the twist being again in the “right hand” direction. When the 
strand is twisted, it untwists each of the threads, and when the three 
strands are twisted together into rope, it untwists the strands, but again 
twists up the threads. It is this opposite twist that keeps the rope in its 
‘proper form. When a weight is hung on the end of a rope, the tendency is 
for the rope to untwist, and become longer. In untwisting the rope, it 
would twist the threads up, and the weight will revolve until the strain of 
the untwisting strands just equals the strain of the threads being, twisted 
tighter. In making a rope it is impossible to make these strains exactly 
balance each other. It is this fact that makes it necessary to take out the 
“turns”? in a new rope, that is, untwist it when it is put at work. The: 
proper twist that should be put in the threads has been ascertained approx- , 
imately by experience. 

The amount of work that the rope will do varies greatly. It depends not 
only on the quality of the fibre and the method of laying up the rope, but 
also on the kind of weather when the rope is used, the blocks or sheaves 
over which it is run, and the strain in proportion to the strain put upon the 
rope, The principal wear comes in practice from defective or badly set 
sheaves, from excess of load and exposure to storms. 

The loads put upon the rope should not exceed those given in the tables, 
for the most economical wear. The indications of excessive load will be the 
twist coming out of the rope, or one of the strands slipping out of its proper 
position. A certain amount of twist comes out in using it the first day or 
two, but after that the rope should remain substantially the same. If it 
does not, the load is too great for the durability of the rope. If the rope 
wears on the outside, and is good on the inside, it shows that it has been 
chafed in running over the pulleys or sheaves, . If the blocks are very small, 
it will increase the sliding of the strands and threads, and result in a more 
rapid internal wear, Rope made for hoisting and for rope transmission is 
usually made with four strands, as experience has shown this to be the most 

, serviceable. 
The strength and weight of ‘‘stevedore”’ rope is estimated as follows: 


Breaking strength in pounds = 720 (circumference in inches)?; 
Weight in pounds per foot = .032 (circumference in inches)?. 


i eG Technical Words relating to Cordage most frequently 
eard are: 

Yarn.—Fibres twisted together. 

THREAD.—Two or more small yarns twisted together. 

Srrineg.—The same as a thread but a little larger yarns, 

Srranp.—Two or more large yarns twisted together. 

Corp.—Several threads twisted together. 

Ropr.—Several strands twisted together. 

HawseEr.—A rope of three strands. 

SuHrRovup-Laip.—A rope of four strands. 

CaBsiE.—Three hawsers twisted together. 

Yarns are laid up left-handed into strands. 

Srranps are laid up right-handed into rope. 

Hawsers are laid up left-handed into a cable. 

A rope is: : 

Lain by twisting strands together in making the rope. 

SpLicep by joining to another rope by interweaving the strands. 

WHIpPPED.—By winding a string around the end to prevent untwisting. - 

Srrvep.—When covered by winding a yarn continuously and tightly 
around it. 

ParcreELED.—By wrapping with canvas. 

Seizep.—When two parts are bound together by a yarn, thread or string. 

Payrep.—When painted, tarred or greased to resist wet. 

Havuu.—To pull on a rope. 

Taut.—Drawn tight or strained. 

Splicing of Ropes.—The apc in a transmission rope is not only the 
weakest part of the rope but is the first part to fail when the rope is worn 
out. If the rope is larger at the splice, the projecting part will wear on the 
pulleys and the rope fail from the cutting off of the strands. The following 
directions are given for splicing a 4-strand rope. 

The engravings show each successive operation in splicing a 134 inch 
manila rope. Each engraving was made from a full-size specimen, 
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Spiicine or RopEs, 


SPLICING OF ROPES. ~ 343 


‘tie a piece of twine, 9 and 10, around the rope to be spliced, about 6 feet 
‘from each end. Then unlay the strands of each end back to the twine. 
Butt the ropes together and twist each corresponding pair of strands 
loosely, to keep them from being tangled, as shown in Fig. 78. 
The twine 10 is now cut, and the strand 8 unlaid and strand 7 carefully laid 
jin its place for a distance of four and a half feet from the junction, 
*t ene strand 6 is next unlaid about one and a half feet and strand 5 laid in 
its place. 

The ends of the cores are now cut off so they just meet. 

Unlay strand i four and a half feet, laying strand 2 in its place. 

Unlay strand 3 one and a half feet, laying in strand 4. 

Cut all the strands off to a length of about twenty inches, for convenience 
‘in manipulation. _ 

The rope now assumes the form shown in Fig. 79 with the meeting points 
-of the strands three feet apart. ‘ 

Each pair of strands is successively subjected to the following operation: 

From the point of meeting of the strands 8 and 7, unlay each one three 
‘turns; split both the strand 8 and the strand 7 in halves as far back as the 
‘are now unlaid and “whip” the end of each half strand with a pael 
‘piece of twine, , 

The half of the strand 7 is now laid in three turns and the half of 8 also 
laid in three turns. The half strands now meet and are tied in a simple 
‘mot, 11, Fig. 80, making the rope at this pointits original size. 4 

The rope is now opened with a marlin spike and the half strand of 7 
worked around the half strand of 8 by passing the end of the half strand 7 
through the rope, as shown in the engraving, drawn taut and again worked 
‘around this half strand until it reaches the half strand 13 that was not laid 
in. This half strand 13 is now split, and the half strand 7 drawn through 
‘the opening thus made, and then tucked under the two adjacent strands, aa 
shown in Fig. 81. The other half of the strand 8 is now wound around the 
other half strand 7 inthe same manner. After each pair of strands has 
been treated in this manner, the ends are cut off at 12, leaving them about 
four inches long. After a few days’ wear they will draw into the body of the 
rope or wear off. so that the locality of the splice can scarcely be detected, 

‘Coal Hoisting. (C. W. Hunt Co.),—The amount of coal that can be 
hoisted with a rope varies greatly. Under the ordinary conditions of use 
arope hoists from 5000 to 8000 tons. Where the circumstances are more 
favorable, the amounts run up frequently to 12,000 or 15,000 tons, occasion- 
ally to 20,000 and in one case 32,400 tons to a single fall. 

When a hoisting rope is first put in use, it is likely from the strain put upon 
it to twist up when the block is loosened from the tub. This occurs in the 
first day or two only. The rope should then be taken down and the 
“turns” taken out of the rope. When put up again the rope should give 
no further trouble until worn out. 

It is necessary that the rope should be much larger than is needed to bear 
the strain from the load. 

Practical experience for many years has substantially settled the most 
economical size of rope to be used which is given in the table below. 

Hoisting ropes are not spliced, as it is difficult to make a splice that will 
not pull out while running over the sheaves, and the increased wear to be 
obtained in this way is very small. 

Goal is usually hoisted with what is commonly called a ‘‘ double whip; ” 
that is, with a running block that is attached to the tub which reduces the 
strain on the rope to approximately one half the weight of the load hoisted. 
The following table gives the usual sizes of hoisting rope and the proper 
working strain: 

Stevedore Hoisting-rope. 
Cc. W. Hunt Co. 


7 Proper Working Nomina] size of Approximate 
Circumference of |st-ain on the Rope|Coal tubs. Double Weight of a Coil, 


the rope in ins. in lbs. whip. in lbs. 
3 _ 850 1/6 to 1/5 tons. 360 
/ 344 500 PS Sas 480 
4 650 ys fo 650 
4% 800 “iw 830 
5 1000 Cee Y 960 


~ Hoisting rope is ordered by circumference, transmission rope by diameter. 


~—; 
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Weight and Strength of Manila Rope. 


Spencer Miller (Engg News, Dec. 6, 1890) gives a table of breaking strength 
of manila rope, which he considers more reliable than the strength computed 
by Mr. Hunt’s formula: Breaking strength=720x (circumference in inches)?, 
Mr. Miller’s formula is: Breaking weight lbs. = circumference? x a coefficient 
which varies from 900 for 14” to 700 for 2/ diameter rope, as below: 


Circumference ... 146 2 24 2% 3 3 834 44% 4146 5 5 6 
Coefficient. ........ 900 845 820 700 780 ve 760 745 735 725 mS 700 


The following table gives the breaking strength of manila rope as cal- 
culated by Mr. Hunt’s formula, and also by Mr. Miller’s, using in the latter 
the coefficient 900 for sizes below 114 in, circumference and 700 for sizes above 
6in. The differences between the figures for any given size are probably 
not greater than the difference in actual strength of samples from different 
makers. Both sets of figures are considerably lower than those given in 
tables published by some makers of rope, but they are believed to be more 
reliable. The figures for weight per 100 ft. are from manufacturers’ tables. 


Sere 


S| iB baie Ultimate pe | Fa SI Ultimate 
By ody “2 & | strength of Pe Rope “3 S| Strength of 
Of 18 o2/8"82! Rope in lbs, $2 |S o2le "42! Rope in lbs, 
BIO 1 5 0 Boe) Oe Se eee a es BOG) Bhs 
S38 |ESs/oSss SA JESS SS¢s 
a |d E Hunt. | Miller.] G7 |5 i= Hunt. | Miller. 
ab 9/16 2 230 280 915/16} 4 52 11,500 | 12,000 
A % 3 400 500 9136 44 58 13,000 | 13,500 
5/16} 1 4 630 790 #116 4 65 14,600 | 14,900 | 
14g 5 900 1,140 ]1 9/16] 434 7: 16,200 | 16,500 
7/16) 14 6 1,240 1,550 91 5 80 18,000 | 18,100 
146 | 736 | 1,620 | 2/020 fisz 54 | 97 | 21800 | 21'500 
9/16] 134] 11 2,050 2,480 #2 6 113 25,900 | 25,200 
2 13% 2,880 3,380 9216 616, 138 30,400 | 29,600 
34 244 1644 3,640 4,150 9214 7 153 35,300 | 34,300 
13/16 244] 20 4,500 5,030 26 714 184 40,500 | 39,400 
% 234 | 239 5,440 5,970 2 211 46,100 | 44,800 
1 3 2844 6,480 7,020 927 846 | 237 52,000 | 50,600 
11/16] 314} 3344 | 7600 | si60 3 9° | 262 | 58300 | 56’z00 
1% 346 | 38 8,820 9,370 931g 914 | 298 65,000 | 63,200 


, 3) 
14 334 | 45 10,120 | 10,690 9314 10 825 72,000 | 70,000 


For rope-driving Mr. Hunt recommends that the working strain should 
not exceed 1/20 of the ultimate breaking strain, For further data on ropes 
see “ Rope-driving,”’ 

Knots.—A great number of knots have been devised of which a few 
only are illustrated, but those selected are the most frequently used. In 
the cuts, Fig. 82, they are shown open, or before being drawn taut, in order 
to show the position of the parts. The names usually given to them are; 


A. Bight of a rope. P. Flemish loop. 

B. Simple or Overhand knot, Q. Chain knot with toggle. 

C. Figure 8 knot, R. Half-hitch. 

D. Double knot. S. Timber-hitch, 

E. Boat knot, T. Clove-hitch. 

F. Bowline, first step. U. Rolling-hitch. 

G. Bowline, second step. V. Timber-hitch and half-hitch. 
H. Bowline completed. W. Blackwall-hitch. _ 

I. Square or reef knot. X. Fisherman’s bend. 

J. Sheet bend or weaver’s knot, Y. Round turn and half-hitch. 
K. Sheet bend with a toggle, Z. all knot commenced, 

L. Carrick bend. AA, “te “* completed. 

M. Stevedore knot completed. BB. Wall knot crown commenced, 
N. Stevedore knot commenced. (6 OR ver CC ““ completed’ 
0. Slip knot, 


KNOTS. 845 


_ The principle of a knot is that no two parts, which would move in the 
same direction if the rope were to slip, should lay along side of and touch- 
ing each other. 

The bowline is one of the most useful knots, it will not slip, and after 
being strained is easily untied. Commence by making a bight in the rope, 
then put the end through the bight and under the standing part as shown in 
G, then pass the end again through the bight, and haul tight. 

The square or reef knot must not be mistaken for the “ granny ” knot 
that slips under a strain. Knots H, K and M are easily untied after being 
under strain. The knot M is useful when the rope passes through an eye 
Poe is Ne by the knot, as it will not slip and is easily untied after being 
strained, 


A =) ) D ‘ 


Fie. 82.—Knors. 
The timber hitch S looks as though it would give way, but it will not; the 
Nera the strain the tighter it will hold. The wall knot looks complicated, 
ut is easily made by proceeding as follows: Form a bight with strand 1 
and pass the strand 2 around the end of it, and the strand 3 round the end 
of 2.and then through the bight of 1 as shown in the cut Z. Haul the ends 
taut when the appearance is as shownin 4A. The end of the strand 1 ig 
now laid over the centre of the knot, strand 2 laid over 1 and 3 over 2, when 


the end of 3 is passed through the bight of 1asshownin BB. Haul all the 
strands taut as shown in CC, 4 
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Te Splice a Wire Rope.—tThe tools required will be a small marline 
spike, nipping cutters, and either clamps or a small hemp-rope sling with 
which to wrap around and untwist the rope. If a bench-vise is accessible 
it will be found convenient. 

In splicing rope, a certain length is used up in making the splice. An 
allowance of not less than 16 feet for 44 inch rope, and pro’ ortionately 
longer for larger sizes, must be added to the length of an endless rope in 
ordering. 

Having measured, carefully, the length the rope should be after splic- 
ing, and markéd the points M and MW’, Fig. 83, unlay the strands from each 
end # and H’ to Mand M’ and cut off the centre at M and WM’, and then: 

(1), Interlock the six unlaid strands of each end alternately and draw 
them together so that the points Mand M’ meet, as in Fig. 84. 

(2). Unlay a strand from one end, and following the unlay closely, lay into 
the seam or groove it opens, the strand opposite it belonging to the other 
end of the rope, until within a length equal to three or four times the length 
of one lay of the rope, and cut the other strand to about the same length 
from the point of meeting as at A, Fig. 85. 

(3). Unlay the adjacent strand in the opposite direction, and following the 
unlay closely, lay in its place the corresponding opposite strand, cutting the 
ends as described before at B, Fig. 85. 

There are now four strands laid in place terminating at 4 and B, with the 
eight remaining at M M’, asin Fig. 85. 

It will be well after laying each pair of strands to tie them temporarily at 
the points 4 and B. 

Pursue the same course with the remaining four pairs of opposite strands, 


Fic. 88. 


Fia. 86, Fie. 87. 
Spricine Wire Rope. 


stopping each pair about eight or ten turns of the rope short of the preced- 
ing pair, and cutting the ends as before. j 

We now have all the strands laid in their proper places with their respect- 
ive ends passing each other, as in Fig. 86. ) i i 

All methods of rope-splicing are identical to this point; their variety con- 
sists in the method of tucking the ends. The one given below is the one 
most generally practiced. 

SES the ne either in a vise at a point to the left of A, Fig. 86, and bya 
hand-clamp applied near A, open up the rope by untwisting sufficiently to 
cut the core at A, and seizing it with the nippers, let an assistant draw it 
out slowly, you following it closely, crowding the strand in its place until it © 
is all laid in, Cut the core where the strand ends, and push the end back 
into its place. Removethe clamps and let the rope close together around it. 
Draw out the core in the opposite direction and lay the other strand in the 
centre of the rope, in the same manner, Repeat the operation at the five 
remaining points, and hammer the rope lightly at the points where the ends 
pass each other at 4, 4, B, B, etc., with small wooden mallets, and the 
splice is complete, as shown in Fig. 87. ¥ 

If a clamp and vise are not obtainable, two rope slings and short wooden 
levers may be used to untwist and open up the rope. rh 

A rope spliced as above will be nearly as strong as the original rope and 
smooth everywhere. After running a few days, the splice, if well made, 
cannot be found except by close examination. : 

The above instructions have been adopted by the leading rope manufac 

- turers of America. 
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SPRINGS. 


Wefinitions.—A spiral spring is one which fs wound around a fixed 
ppoint or centre, and continually receding from it like a watch spring, A 
‘helical spring is one which is wound around an arbor, and at the same time 
‘advancing like the thread of a screw. An elliptical or laminated spring is 
made of flat bars, plates, or “‘leaves,” of regularly varying lengths, super- 
posed one upon the other. 

Laminated Steel Springs.—Clark (Rules, Tables and Data) gives 
the following from his work on Railway Machinery, 1855: 


1.663 | _ btn, rn 1.6614, 
bin ? ie racyAl ~Kbe? 

4 = elasticity, or deflection, in sixteenths of an inch per ton of load, 

$ = working strength, or load, in tons (2240 lbs.), 

I = span, when loaded, in inches, 

6 = breadth of plates, in inches, taken as uniform, 

¢ = thickness of plates, in sixteenths of an inch, 

m = number of plates. 


eae span and the elasticity are those due to the spring when 
weighted. 

2. When extra thick back and short plates are used, they must be replaced 
by an equivalent number of plates of the ruling thickness, prior to the em- 
Pp oyment of the first two formule. This is found by multiplying the num- 

er of extra thick plates by the cube of their thickness, and dividing by the 
cube of the ruling thickness. Conversely, the number of plates of the rulin 
thickness given by the third formula, required to be deducted and re lace 
by a. given number of extra thick plates, are found by the same calculation. 

8, It is assumed that the plates are similarly and regularly formed, and 
that they are of uniform breadth, and but slightly taper at the ends, 

Reuleaux’s Constructor gives for semi-elliptic springs: 

Snbh? 6Pi8 
Ere cae Cee 3 


S = max. direct fibre-strain in plates b = width of plates; 
n = number of plates in spring; h = thickness of plates; 
1 = one half length of spring; i = deflection of end of springs 
P = load on one end of spring; = modulus of direct elasticity, 
The above formula for deflection can be relied upon where all the plates 
of the spring are regularly shortened; but in semi-elliptic springs, as used, 
there are generally several plates extending the full length of the spring, 
and the proportion of these long plates to the whole number is usually about 


one fourth. In such cases f = paras (G. R. Henderson, Trans. A.S. M. E., 


vol. xvi.) 

In order to compare the formule of Reuleaux and Clark we may make 
the following substitutions in the latter: sin tons = P in lbs, + 1120; as = 
16f; L = 2l; t = 16h; then 


1.66 x 813 x P eer A aie 
a8= I= jong x 1120 x mons Whence f= sora, 


which corresponds with Reuleaux’s formula for deflection if in the latter we 
take H = 33,162,800, 


ze Q6nbh2 12,687nbh2 
Also 8=i0 = ie x a whence P= Caner 


which corresponds with Reuleaux’s formula for working load when Sin the 


latter is taken at 76,120. 
The value of # is usually taken at 30,000,000 and Sat 80,000, in which case 
Reuleaux’s formule become 


18,3382bh2 Pls 
L= v and — F= §000,000nb Ae 


Helical Steel Springs.—Clark quotes the following from the report 
on Safety Valves (Trans. Inst, Engrs. and Shipbuilders in Scotland, 1874-5): 


ad’ X w 
bo Dix 
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# = compression or extension of one coil in inches, 

d= eget from centre to centre of steel bar constituting the spring, 
in inches, 

w = weight applied, in pounds, 

D= eiomoters or side of the square, of the steel bar, in sixteenths of at 
inc! 

C=a constant, which may be taken as 22 for round steel and 30 for 
square steel, 


Norr.—The deflection Z for one coil is to be multiplied by the number of 
free coils, to obtain the total deflection for a given spring, 


gS. 
The relation between the safe load, size of steel, and diameter of coil, may 
be taken for practical purposes as follows: 


3 
D= "VA “ for round steel; 


3 
D= / we for square steel, 


Rankine’s Machinery and Millwork, p. 390, gives the following: 


We edt 196/08, 12.566nfr2, 
ae tines r TiS) areas 


ma = greatest safe sudden load. 

In which d is the diameter of wire in inches; ¢ a co-efficient of transverse 
elasticity of wire, say 10,500,000 to 12,000,000 for charcoal iron wire and steel; 
r radius to centre of wire in coil; ” effective number of coils; JF greatest safe 
shearing stress, say 30,000; W any load not exceeding greatest safe load; 
v corresponding extension or compression; W, greatest safe load; and v, 
greatest safe steady extension or compression. 

If the wire is square, of the dimensions d x d, the load for a given deflee- 
tion is greater than for a round wire of the diameter d in the ratio of 2.81 to 
1.96 or of 1.48 to 1, or of 10 to 7, nearly. 

Wilson Hartnell (Proc. Inst. M. E., 1882, p. 426), Says: The size of a spiral 
spring may be calculated from the formula on page 304 of “ Rankine’s Use- 
ful Rules and Tables”’; but the experience with Salter’s springs has shown 
that the safe limit of stress is more than twice as great as there given, 
namely 60,000 to 70,000 lbs, per square inch of section with 8 inch wire, and 
about 50,000 with 4% inch wire. Hence the work that Gan be done by 
springs of wire is four or five times as great as Rankine allows, 

For 8 inch wire and under, 

__ 12,000 X (diam. of wire)3, 


i Ibs. = 
vebagceel ea Clan 8 Mean radius of springs ” 


5 . 180,000 x (diam.)# 
Ibs. to deflect sprin — 
Weight in lbs. to Spring 1 in Number of coils x (rad.)3" 

The work in foot-pounds that can be stored up in a spiral spring would 
lift it above 50 ft. d < y . nue 

In a few rough experiments made with Salter’s springs the coefficient of - 
rigidity was noticed to be 12,600,000 to 13,700,000 with 44 inch wire; 11,000,000. 
for 11/32 inch; and 10,600,000 to 10,900,000 for 8 inch wire. 

Helical Springs.—J. Begtrup, in the American Machinist of Aug. 
18, 1892, gives formulas for the deflection and carrying capacity of helical 
springs of round and square steel, as follow: 

Sds 


W = 20277, 


for round steel, 


for square steel, 
P(D — da) 
Pasi, 
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W = carrying capacity in pounds, 
S = greatest tensile stress per square inch of material, 
d = diameter of steel, 
D = outside diameter of coil, 
_ F'= deflection of one coil, : 
# = torsional modulus of elasticity, 
P= load in pounds, 3 


From these formulas the following table has been calculated by Mr. Beg- 
trup. A spring being made of an elastic material, and of such shape as to 
allow a great amount of deflection, will not be affected by sudden shocks or 
blows to the same extent as a rigid body, and a factor of safety very much 
less than for rigid constructions may be used. 


HOW TO USE THE TABLE. 


When designing a spring for continuous work, as a car spring, use a 
greater factor of safety than in the table; for intermittent working, as in 
a steam-engine governor or safety valve, use figures given in table; for 
‘square steel multiply line W by 1.2 and line #’ by .59. 

Example 1.—How much will a spring of 3” round steel and 8’ outside 
Giameter carry with safety ? In the line headed D we find 3, and right un- 
derneath 478, which is the weight it will carry with safety. How many coils 
must this spring have so as to deflect 3’ with a load of 400 pounds ? Assum- 
ing a modulus of elasticity of 12 millions we find in the centre line headed 
F the figure .0610; this is deflection of one coil for a load of 100 pounds; 
therefore .061 x 4 = .244” is deflection of one coil for 400 pounds load, and 3 
+- .244 = 12)9 is the number of coils wanted. This spring will therefore be 
434” long when closed, counting working coils only, and stretch to 734’. 

Example 2.—A spring 314’’ outside diameter uf 7/16” steel is wound close; 
how much can it be extended without exceeding the limit of safety? We 
find maximum safe load for this spring to be 702 pounds, and deflection of 
one coil for 100 pounds load .0405 inches; therefore 7.02 x .0405 = .284/ is the 
greatest admissible opening between coils. We may thus, without know- 
ing the load, ascertain whether a spring is overloaded or not. 


Carrying Capacity and Deflection of Helical Springs of 
Round Steel, 


d = diameter of steel. D = outside diameter of coil. W = safe working 
load in mapas fenere stress not exceeding 60,000 pounds per square inch. 
F’ = deflection by a load of 100 pounds of one coil, and a modulus of elasti- 
city of 10, 12 and 14 millions Ree pect ey. The ultimate carrying capacity 
will be about twice the safe load. 


es] D| .25 | .50 | .75 | 1.00] 1.25 | 1.50 | 1.75 | 2.00 
S“|w| 3 | 15 | 9 7 5 4.5] 3.8| 3.3 
Ws .0276] .8588] 1.433] 3.562] 7.250]12.88 | 20.85] 31.57 
A|F4| .0236| .8075] 1.228] 8.053] 6.214|11.04 | 17.871 27.08 
3 -0197] .2562| 1.023] 2.544] 5.178) 9.200] 14:89) 22.55 
= | D| .50 | .% | 1.00] 1.25 | 1.50 | 1.75 | 2.00 | 2.25 | 2.50 { 
R=] w| 107 | 65 | 46 | 36 | 90 | 95 | “22 17 
are 0206 .0987} .2556] .5412] .9856] 1.624] 2.492) 3.625|5.056 
S| 4 | .0176) .0804] .2191) .4639] .2448] 1.392] 2.136] 3.107/4.384 
cs 0147] .0670) .182 | .3866] .7040] 1.160] 1.780] 2.589|3.612 
& | D| %. | 1,00} 1.25 | 1.50 | 1.75 | 2.00 | 2.25 | 2.50 | 2.75] 3.00 
Z.:| w] 241] io7| 98} ios! 88 | 75 | “és | “69 | “S31 “a9 
ts 0137] .0408] .0907] .1703] .2866] .4466| 6571] .9249|1.256]1.660 
 W,|P4] .0118} 20850] .0778} 1460] .2457| .3828] 15632] |7998]1.07711.493 
~ -0098} .0292] .0648| .1217] .2048] .3190] .4693| ‘6607|.8975|1.186 
SS RSS eae aca Fh re a Pati Se feted es ite ae 
= | D| 1.25 | 1.50 | 1.75 | 2.00 | 2.25 | 2.50 | 2.75 | 8.00 | 8.25] 3.50 
2 1 128 | 113 
S| WY] 368 | 294]. 245 | 210] 184] 64] 147 | i34 
7 -0199] 0389} .0672] .1067] .1593] .2270] .3109] .4139].5375| .6835 
FP. Orr} 0333} 0576} .0914] .1365] .1944| .2665| 13548] .4607| .5859 
3 .0142| 0278] .0480] .0762] .1137] .1610| .2221] /2957] 138301 |4883 
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Carrying Capacity and Deflection of Helical Springs of A 
hla ba Round Steel.—(Continued). vs = 


1.75 | 2.00 | 2. 
500] 426) 38 329 

08 

0732 


20222 
0185 


2.25 


54) .1187' 


295 | 267 
1583 
1357 
1131 


245 
+201 


b1029| | 
‘0858| : 


3.25 | 3.50 
1071 | 982 
0259) .0336 
0222] .0288 
+0185) .0240 


25 | 2.50 | 2.75 | 3.00 | 3.25 | 8.50) 3.75 


226 | 209 


VO 


+3312}. 


4.00 
2311 
0127 
0108 
-0090 


4.00 
3058 
0084 
0072 
-0060 


0014) . 
0011] .0015} . 


3.75 | 4.00 
1315 | 1220 
+0252] .0316 
0216} .0271 
-0180) .0225 


3.75 | 4.00 
1841 | 1704 
-0155} .0196 
+0133) .0168) . 
-O111] .0140) . 
4.25 | 4,50 
2151 | 2009 
-0157] 01938) . 
0185) .0165 

0112] .0138 


4.25 | 4.50 
2840 | 2651 
-0105} .0129 
-0090} .O111 
+0075} .0093 


5.50 
1591 


5.50 
2093 


10366) . 
10305} . 


0388} . 
- 0833) . 


0277]. 


-0264). 
2] 0226} . 
0188). 


£0067] .0081 
0058] [0070 
*0048] .0058 
4,75 | 5.00 
6283 | 5890 


The formule for deflection or compression given by Clark, Hartneli, and 
Begtrup, although very different in form, show a substantial agreement 
when reduced to the same form. Let d = diameter of wire in inches, D, = 
mean diameter of coil, » the number of coils, w the applied weight in — 


pounds, aud C a coefficient, then 
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3 
Compression or extension of one coil = ae : 
i i ; Cd4 
Weight in pounds to cause comp. or ext. of 1 in. = cae 
1 


The coefficient C reduced from Hartnell’s formula is 8 X 180,000 = 1,440,000; 
according to Clark, 164 x 22 = 1,441,792, and according to Begtrup (using 


12,000,000 for the torsional modulus of elasticity) = 12,000,000 + 8 = 1,500,000. 
» 2 
Rankine’s formula for greatest safe extension, v, = Se aay, take 


cd 
«785: 2 
eee if we use 30,000 and 12,000,000 as the values for f 
and c respectively. : 
The several formule for safe load given above may be thus compared, 
letting d = diameter of wire, and D, = mean diameter of coil, Rankine, 


the form v, = 


3 3 ¢ 3 
Ww= eae Clark, W= ep Begtrup, W= aeise ; Hartnell, 
1 1 
3 
Ys ee Substituting for f the vaiue 380,000 given by Rankine, and for 


3 3 
S, 60,000 as given by Begtrup, we have W = 11,760 £ Rankine ; 12,288 = 
Z . 1 1 
Clark; 23,562 < Begtrup; 24,000 = Hartnell. 


1 1 
Taking from the Pennsylvania Railroad specifications the capacity when 
closed of the following springs, in which d = diameter of wire, D diameter 
outside of coil. D) = D — d, c capacity, H height when free, and h height 
when closed, all in inches, = 


No. 7. agra DE U6 D, = Ng ho a00s dz 8 eae 
8. ig 3 o1g 1,900 8 5 
K 4 534 5 2°00 7 44 
Dz 1 5 4 81100 1% 8 
L 14 8 634 10000 9 534 
C. 114 rs 34 16,000 436 834 


3 
and substituting the values of ¢ in the formula ce = W = ae we find z, the 
1 


« 3 
coefficient of = to be respectively 82,000; 38,000; 32,400; 24,888; 34,560; 
42,140, average 34,000, ‘ 
Taking 12,000 as the coefficient of £ according to Rankine and Clark for 


safe load, and 24,000 as the coefficient according to Begtrup and Hartnell, 
we have for the safe load on these springs, as we take one or the other co. 
efficient, 7 


Te S. K. D. ; Cc. 
Rankine and Clark..... quater LOO 600 1,012 3,000 3,750 5,400 Ibs, 
Hapineld, ooh i 65 nasi audi eates 1800 17 9182008 n B1084. 6,000. 7,500 10,800 ‘* - 
Capacity when closed, asabove 400 1,900 2.100 8,100 10,000 16,000 *‘ 
J. W. Cloud (Trans, A. 8. M. E., v. 173) gives the following: 


Srd3 82PR21 ~ 
aE ted Fs Gane 


P = load on spring; 
S = maximum shearing fibre-strain in bar; 
d = diameter of steel of which spring is made; 
R& = radius of centre of coil; = 
i = length of bar before coiling; 
G = modulus of shearing elasticity; 
Ff = deflection of spring under load, 
Mr. Cloud takes S = 80,000 and G = 12,600,000. 
The stress in a helical epring is almost wholly one of torsion. For method 
of deriving the formule for springs from torsional formula see Mr. Cloud’s 
paper, above quoted. 
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ELLIPTICAL SPRINGS, SIZES, AND PROOF TESTS. 
_ Pennsylvania Railroad Specifications, 1596. 


S ja 
Bg\|s Tests. 
elk. 
Bales Plates Ber ir) > 
Class. as 33 No. Size, in, . 2 
be 28 high. Ibs. |Ins. Ibs. 3g 
g5\= @  @) @ aS 
Ps ae |= at 
F1,Triple..... 40 |1134] 5 3x 11/32 | 334 984 4800 |3 5500) 2 
E2, Quadruple} 40 |1544) 5 3x34 334 934 6650 | 3 8000 { 2 
#3, Triple..... 86 |1184| 6 8x 11/32 4 95 6000 | 83 8000 | — 
#4, Singlet...) 40 |-— | 8 ee 5* _— free | 3 2350 | — 
£5, “© t...[40|—]| 7 3x34 1A) 3000 | 0 4970 | — 
H6, “ +...) 42} —| 8 Bigxsg | ge = — 4375 | 0  6350-| — 
E7, Triple..... 86 |1134) 8 8x 11/382} 224 9% 11,800 |— — _ 
£8, Doubie,...| 82 | Tig} 6 3x3 3 9 8000 |— —s — — 
ES  “ 2...) 86 | 946] 5 4x11/32 | 346 8x5 5400 | 3 6000 | — 
£10,Quadruple| 40 |1544] 5 3x 4 10 8000 | 3 10,000 | 2 
i beat Ee 0 |1514) 5 8x 334 934 10,600 | 3 12,200 | 2 
#12, “+ ...,| 84 154) 5 8x36 334 9384 «13,100 | 3 15,780 | 2 
¥ 13, Double...| 30 | 946] 5 4x36 34 0~C*«S 5600 | 2 10,600 | — 
7p) Fe ha «»+| 40 | 914] 6 411/382] 339 9 6840 | 2 8600 | — 
E15,Quadrupie| 36 |1546| 6 8x 11/32 | 31, 934 11,820 | 246 14,870 | 2 
O16, ee omen BOY iD: 6 44 104% 8000 234 15,500 | — 
#17, Double...| 36 | 914| 5 4x34 ae) gur0 | 2 9540 | — 
E18, Singlet ..| 42 |— "| 9 3%x 1* = 5250 | 0 7300 | — 
#19, Double...| 22 |1014) 6 41411/32 | 13/16 6%, 13,800 }— — |— 
E20; ees is. Sal oodhiongiey, cn 3/1eN ig 15.000 eS 
EF 21, se 4.4] 24 |10146) 7 416 x 36 1 74 15,750 0 28,800 } -— 
EF 22, O vees| 24 |10L4) 8 ts Big 18,000 0 32,930 |} — 
EF 23, My i..| 86 110 | 5 4x38 244 8 8750 144 10,750 | — 
Be il selio }5 * 4 8 7500 1114 $500 | — 


1) Between bands ; (b) over all ; a.p.t., auxiliary plates touching. 
Between bottom of eye and top of leaf. +semi-elliptical. 
Tracings are furnished for each class of spring. 


PHOSPHOR-BRONZE SPRINGS. 

Wilfred Lewis (:ngineers’ Club, Philadelphia, 1857) made some tests with 
phosphor-bronze wire, .12 in. diaineter, coiled in the form of a spiral spring, 
144 in. diameter from ceutre to centre, making 52 coils. 

Sach a spring of steel, according to the practice of the P. R. R., might be 
used for 40 lbs. A load of 80 lbs. gradually applied gave a permanent set. 
With a load of 21 lbs. in 80 hours the spring ‘engthened from 2054 inches to 
211% inches, and in 200:hours to 2144 inches, It was concluded that 21 lbs. was 
too great for durability. For a given load the extension of the bronze spring 
was just double the extension of a similar steel spring, that is, for the same 
extension the steel spring is twice as strong. 


SPRINGS TO RESIST TORSIONAL FORCE, 
(Reuleaux’s Constructor.) 


Flat spiral or helical spring... P= ae f= RS = 12 as 
Round helical spring .......... P= aa $s f=Rhd= eae 
Round bar, in torsion.......... P= ae; f=Rt= = ‘ tp 
Flat bar, in torsion............ P= 4 eae =Ri= BER te 


P = force applied at end of radius or lever-arm R; 3 = angular motion at 
end of radius R; S = permissible maximum stress, = 4/5 of permissible 
stress in flexure; H = modulus of elasticity in tension; G@ = torsional modu- 
lus, = 2/5 H; 1 = developed length of spiral, or length of bar; d = diamete1 
of wire; b = breadth of flat bar; h = thickness. 
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HELICAL SPRINGS—SIZES AND CAPACITIES, 
(Selected from Specifications of Penna. R. R. Co., 1899.) 


n ® 
& ‘ 3 Test. Height and Loads.| 'ép 
. . ey a 
ne Ll n ot G = 
a a |& és es ag fe 
to} A. i ° oO ae 8 roti 
Spi AG Md a mh ee SP Oy ae alt = | Be 
or es leer oe ee Bi laoeoe| Sa, ican. a eae 
38 oe a as o Ss ; ie} 35 
MO 8) gS |e 5 | eoy Bolom gy 68 | &d 
A 4 is) A ie} & n =) H oO 
Ibs. oz. 
H26 | 9/64] 5714] 59 | 0 4 1 534 | 38 34% | 110] 130 
H18 | 11/64] % | wey%lo 8 1 Baa 170| 270 
H55 | 3/16} 45%] 465) 0 556] 1 446] 35,| 4 103] 245 
H73 | 3/16 | 426 | 42734/ 8 5g | 14% | 39° | ootd | 35 45] 185 
H29 | 1/32) 20%) 2276] 0 3h] 138 | ta] 181 186) 1101 200 
Hi 1/4 | 4514) 47 | 0 10 | 1%] Big | 5g | 4821 501 500 
HS 1/4 | 2514) 28410 6 24 | 24) We] 116] 364] 940 
H5S | 5/16 | 25314] 2561415 7 | 214 | 23¢ | 43 248] 495 
Hit | 5/16 | 180 | 1s2tg] 8 143g! ye] tog] 13 | 141g | Berl s00 
H 68,* | 3/8 | 9916| 10344] 3 116] 23; Barn line 350] 700 
Hi9 | 3/8 | 88 | 9034/2 12 | 24] 8 634 | 676] 946 
H 80, | 18/32 | 19256] 19534/ 7 136 | 28, | 18 | 11,8 | 1556 | ssl or. 
H43 | 7/16} 96 | 102814 4 4,5 | 818 | 384] 51g | 450/ 660 
H 64 | 7/16} 7556] vets] 3 3 | 22 | 7 256 | 534 | 1350] 1,440 
H 53, | 15/32 | 16975) 172% 8 4 | 232 | 1646 | 1214 | 1516 | 3301 1410 
H2i, | 1/2} 9034] 954415 9 | 314] 8 514 | 634 | 810] 1,500 
H 61 1/2 | 1514] 21341 0 1384] 414 | 182) 0 1 532] 1,050 
H19 | 17/32 | 8136] 85141 5 2 Sas 51% | 61% | 1200] 1,900 
HOG, | 17/32 | 16896) 159° 9 10 | 4° | 1334] whe | git] tise] 1°60 
Gy | 9/16} 98 | 103 |6 15 | 33g] 9 5ig | 7 1050| 1,806 
H33; | 9/16 | 8014] 8476] 5 1036) 314 584 | 628 | 1000] 2200 
H59, | 5/8| 434] 7734] 6 7 | 2%] 8% | 68 | 7441 21001 3'600 
H 80, 5/8 | 192%6] 19734116 11 | 318] 18 | 4195 | 1514 | “900i 2315 
Hi2, | 21/32 | Gol] 633615 117%] 23, | 7 | 6 638 | 3260] 4.240 
Hb, | 11/16 | 5576) 5994) 5 14 | 314] 59 | 4} 52° | 1400 3.500 
H4t | 11/16 | 11734] 123te12 10 | 414 | 10% | 684 | 882 | 5001 2:20 
H 40 3/4 | 17744] 18654)22 214] ot | 16 786 | 8%4| 1900; 2'300 
Hi 34] 62 | 66 12°] 3] 7 | 536] 6141] 27501 5.050 
H 1% | 13/16 | 100 | 10684]14 12 | 5ig| ory] 6 754 | 1700 3,700 
H 66, | 13/16 | 105%4| 1108¢|15 7 458 | 10% | 816] 8%%| 3670] 5/040 
Hr | 2/32 | 77 | Biygl2 26] sis | sig] eit | sie] 3300 61250 
HG7, | 27/32 | 13048] 18748120 9 | 556 | 1214 | 73Z| 8% | 5401 4°165 
Hi2. | 7/g|] 85 | gibelta 7 | 5 814 | 584 | 734} 2000] 5'200 
H38, | 4/8] 82 | sstalis 15 | 5g] 8 53 | 648 | 2250] 5/000 
H2 | 15/16) 46 | 528) 8 i5t| 5° | 45¢| 362] 4 8250| 7.000 
H16 | 15/16] 85 | 92116 10 | 6 | 8 °| 5 6 3600] 5,100 
H10 [1 85 | 92/18 14 | 51] B14] 6 | 7 4500} 7.000 
H42, {1 36 | 4276/8 0 | 54% | 35g | 256] 38g] 1795] 7180 
w4 it 9874] 105 24 12 | 5 | y07a| 8 934 | 6000] 9,57 
H 86, [iy 15356] 16444138 9 | 8 | 1384] cig 1 8 4624] 5,440 
H3) ft 3535 4144) 9 15 | 434] ate} 336] 334 | 6000] 12/000 
H14, |i 51 58% |14 4 64% | 54%] 334] 478 | 5000] 8'950 
H6, Hy 9914] 10984/31 1 94] B46] 7 | 4550] 7750 
Hay |e 73H9| T9423 0 | 578] 84 | 6% | 71341 74001 12/500 
H9 |14 9714] 108/33 12 | 8 9 4 | 746 | 4006} 97100 
72, [134 6246] 6894121 Bie! 544] 75] 6 634 |10,700| 14’875 
Hs it 96 | 10644|36 12°] 8 6] 6 744 | 6350) 101600 
Hee |1 70 | 777/26 12 | 533] 8 616 | 714 | 7900] 15’800 
H12, |15¢ 87 | 979g|36 7 | 8 | gig | 5 “3g | 5000| 12°200 
H39, (13g 7556] S3iela1 11 | 63g] 856 | 6 74% | 8150] 16,300 
H 28, 143 8134] 95/387 8 | 8 814 | 5384 | 6% | T325] 13/250 


* The subseript 1 means the outside coil of a concentric group or cluster; 
8-and 3 are inner coils, 
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RIVETED JOINTS. 


Fairbairn’s Experiments. (From Report of Committee on 
Riveted Joints, Proc. Inst. M. E., April, 1881.) 


The earliest published experiments on riveted joints are contained in the 
memoir by Sir W. Fairbairn in the Transactions of the Royal Society. 
Making’ certain empirical allowances, he adopted the following ratios as ex- 
pressing the relative strength of riveted joints : 


Solid plate...... badeetiness Wideai hee geet 100 
Double-riveted joint ....  ....-....-. 70 
Single-riveted joint...... .. aeeeis Ap ens 


These well-known ratios are quoted in most treatises on riveting, and are 
still sometimes referred to as having a considerable authority. It is singular, 
however, that Sir W. Fairbairn does not appear to have been aware that the 
proportion of metal punched out in the line of fracture ought to be different 
in properly designed double and single 1iveted joints. These celebrated 
ratios would therefore appear to rest on a very unsatisfactory analysis of 
the experiments on which they were based. 

Loss of Strength in Punched Plates.—A report by Mr. W. 
Parker and Mr. John, made in 1878 to Lloyd’s Committee, on the effect of 
punching and drilling, showed that thin steel plates lost comparatively little 
from punching, but that in thick plates the loss was very considerable. 
The fone ne table gives the results for plates punched and not annealed 
or reamed : 


Thickness of Material of Loss of Tenacity, 
Plates. Plates, per cent. 
% Steel 8 
x 18 
“ 26 
4 se 83 
34 Tron 18 to 23 


The effect of increasing the size of the hole in the die-block is shown in 
the following table: 


Total Taper of Hole Material of Loss of Tenacity due to 
in Plate, inches, Plates. Punching, per cent, 
1-16 Steel 17.8 
Vy Ss 12.3 
44 * (Hole ragged) 24.5 i. 


The plates were from 0.675 to 0.712 inch thick, When %-in. punched holes 
were reamed out to 114 in. diameter, the loss of tenacity disappeared, and 
the plates carried as high a stress as drilled plates. Annealing also restores 
to punched plates their original tenacity. 


Strength of Perforated Plates, 
(P. D. Bennett, Hng’g, Feb. 12, 1886, p. 155.) 


Tests were made to determine the relative effect produced upon tensile 
strength of a flat bar of iron or steel: 1. By a 34-inch hole drilled to the re- 
quired size ; 2. by a hole punched 4% inch smaller and then drilled to the 
size of the first hole; and, 3, by a hole punched in the bar to the size of the 
drilled bar. The relative results in strength per square inch of original area 
were as follows: 


1, 2. 3. 4, 
“Tron. Iron. Steel. Steel, 
Unperforated bar....... Ss iepsinriee ae 1.000 1.000 1.000 1.000 
Perforated by drilling............... - 1.029 1.012 1.068 1.103 
rs “ punching and drilling. 1.030 1.008 1.059 1.110 
uid “ punching only........ . 0.795 0.894 0.935 0.927 


In tests 2 and 4 the holes were filled with rivets driven by hydraulic pres- 
sure. The increase of strength per square inch caused by drilling is a phe- 
nomenon of similar nature to that of the increased strength of a grooved bar 
over that of a straight bar of sectional area equal to the smallest section of 
the grooved bar. Mr, Bennett’s tests on an iron bar 0.84 in. diameter, 10 in, 
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long, and a similar bar turned to 0.84 in. diameter at one point only, showed 
that the relative strength of the latter to the former was 1.323 to 1.000. 


Riveted Joints.— Drilling versus Punching of Holes. 


The Report of the Research Committee of the Institution of Mechanical 
Engineers, on Riveted Joints (1881), and records of investigations by Prof, 
A. B. W, Kennedy (1881, 1882, and 1885), summarize the existing information 
regarding the comparative effécts of punching and drillin upon iron and 
steel plates. From an examination of the voluminous fables given in Pro- 
fessor Unwin’s Report, the results of the greatest number of the experi- 
ments made on iron and steel plates lead to the general conclusion that, 
while thin plates, even of steel, do not suffer very much from punching, yet | 
in those of Pikaven thickness and upwards the loss of tenacity due to punch- 
ing ranges from 10% to 23% in iron plates, and from 11% to 33% in the case of 
mild steel. In drilled plates there is no appreciable loss of strength. It is 
possible to remove the bad effects of punching by subsequent reaming or 
annealing; but the speed at which work is turned out in ines days is not 
favorable to multiplied operations, and such additional treatment is seldom 
practised, The introduction of a practicable method of drilling the plating 
of ships and other structures, after it has been bent and shaped, is a matter 
of great importance. If even a portion of the deterioration of tenacity can 
be prevented, a much stronger structure results from the same material and 
the same scantling. This has been fully recognized in the modern English 
practice (1887) of the construction of steam-boilers with steel plates; punch- 
ing in such eases being almost entirely abolished, and all rivet-holes being 
drilled after the plates have been bent to the desired form. 


Comparative Efficiency of Riveting done by Different 
Methods, 


The Reports of Professors Unwin and Kennedy to the Institution of Me- 
chanical Engineers (Proc. 1881, 1882, and 1885) tend to establish the four fol- 
lowing points: 

1, That the shearing resistance of rivets is not highest in joints riveted by 
means of the greatest pressure; g 

2, That the ultimate strength of joints is not affected to an appreciable 
extent by the mode of riveting; and, therefore, 

3. That very great pressure upon the rivets in riveting is not the indispen- 
sable requirement that it has been sometimes supposed to be; 

4. That the most serious defect of hand-riveted as compared with machine- 
riveted work consists in the fact that in hand-riveted joints visible slip 
commences at a comparatively small load, thus giving such joints a low 
value as regards tightness, and possibly also rendering them liable to failure 
under sudden strains after slip has once commenced. 

The following figures of mean results, taken from Prof. Kennedy’s tables 
(Proceedings 1885, pp. 218-225), give a comparative view of hand and hy- 
draulic riveting, as regards their ultimate strengths in joints, and the periods 
at which in both cases visible slip commenced. 


Total Breaking Load. Load at which Visible Slip began, 
Han¢-riveting. Hydr rn Rivet- Hand-riveting, | Hyd ee Rivet- 
Tons. Tons, Tons. A Tons. 
86.01 85.75 21.7 47.5 
esa 77.00 nae 385.0 
82.16 82.70 25.0 53.7 
P 78.58 Ae 54.0 
145.5 81.7 49.7 
140.2 atid 46.7 
183.1 25.0 66.0 
183.7 wane aecee 


In these figures hand-riveting appears to be rather better than hydraulic 
riveting, as far as regards ultimate strength of joint; but is very much in- 
ferior to hydraulic work, in view of the small proportion of load borne by 
it before visible slip commenced, : 
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Some of the Conclusions of the Committee of Research 
on Riveted Joints. 
(Proc. Inst. M. E., Apl. 1885.) 

The conclusions all refer to joints e in soft steel plate with steel 
rivets, the holes all drilled, and the platesin their natural state (unannealed). 
In every case the rivet or shearing area has been assumed to be that of the 
holes, not the nominal (or real) area of the rivets themselves. Also, the 
strength of the metal in the joint has been: compared with that of strips 
eut from the same plates, and not merely with nominally similar material. 

The metal between the rivet-holes has a considerably greater tensile re- 
sistance per square inch than the unperforated metal, This excess tenacity 
amounted to more than 20%, both in 3g-inch and 34-inch plates, when the 
pitch of the rivet was about 1.9 diameters. In other cases ea plate gave 
an excess of 15% at fracture with a pitch of 2 diameters, of 10% with a pitch 
of 3.6 diameters, and of 6.6%, with a pitch of 3.9 diameters; and 34-inch plate 
gave 7,8% excess with a pitch of 2.8 diameters. 

In single-riveted joints it may be taken that about 22 tons per square inch 
is the shearing resistance of rivet steel, when the pressure on the rivets does 
not exceed about 40 tons per square inch, In double-riveted joints, with 
rivets of about % inch diameter, most of the experiments gave about 24 tons 
per square inch as the shearing resistance, but the joints in one series went 
at 22 tons. 

The ratio of shearing resistance to tenacity is not constant, but diminishes 
very markedly and not very irregularly as the tenacity increases. 

The size of the rivet heads and ends plays a most important part in the 
strength of the joints—at any rate in the case of single-riveted joints. An 
increase of about one third in the weight of the rivets (all this increase, of 
course, going to the heads and ends) was found to add about 844% to the 
resistance of the joint, the plates remaining unbroken at the full shearing 
resistance of 22 tons per square inch, instead of tearing at a shearing stress 
of only a little over 20 tons. The additional strength is probably due to the 
prevention of the distortion of the plates by the great tensile stress in the 
rivets. , 

The intensity of bearing pressure on the rivet exercises, with joints propor- 
tioned in the ordinary way, a very important influence on their strength. 
So long as it does not exceed 40 tons per square inch (measured on the pro- 
jected area of the rivets), it does not seem to affect their strength ; but pres- 
sures of 50 to 55 tons per square inch seem to cause the rivets to shear in 
most cases at stresses varying from 16 to 18 tons per square inch. For or- 
dinary joints, which are to be made equally strong in plate and in rivets, 
the Peaue pressure should therefore probably not exceed 42 or 43 tons per 
square inch. For double-riveted ee eS perhaps, as will be noted later. 
a higher pressure may be allowed, as the aan stress may probably not 
be more than 16 or 18 tons per square inch when the plate tears. 

‘A margin (or net distance from outside of holes to edge of plate) equal to the 
diameter of the drilled hole has been found sufficient in all cases hitherto tried. 

To attain the maximum strength of a joint, the breadth of lap must be 
such as to prevent it from breaking zigzag. It has been found that the net 
metal measured zigzag should be from 30% to 35% in excess of that measured 
straight across, in order to insure a straight fracture. This corresponds to 
a diagonal pitch of 2/3p + d/3, if p be the straight pitch and d the diam- 
eter of the rivet-hole. : 

Visible slip or “give” occurs always in a riveted joint at a point very 
much below its breaking load, and by no means proportional to that load. 
A collation of the results obtained in measuring the slip indicates that it de- 
pends upon the number and size of the rivets in the joint, rather than upon 
anything else ; and that it is tolerably constant for a given size of rivet ina 
given type of joint. The loads per rivet at which a joint will commence to 
slip visibly are approximately as follows : y 


Diameter of Rivet.| Type of Joint. Riveting. Stipe ore pet 
inch Single-riveted Hand 2.5 tons 
Bs Double-riveted Hand 3.0 to 3.5 tons 
Y Double-riveted Machine WV tons 
linch Single-riveted Hand 3.2 tons 
Dis Double-riveted Hand 4.3 tons 


ae Double-riveted | Machine 8 to 10 tons 


es 
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To find the probable load at which a joint of any breadth will commence 
to slip, multiply the number of rivets in the given breadth by the proper 


. figure taken from the last column of the table above. It will be understood 


that the above figures are not given as exact; but they represent very well 
the results of the experiments. 

The experiments point to simple rules for the proportioning of joints of 
maximum strength. Assuming that a bearing pressure of 48 tons per square 
inch may be allowed on the rivet, and that the excess tenacity of the plate 
is 10% of its original strength, the following table gives the values of the ratios 


- of diameter d of hole to thickness t of plate (d + t), and of pitch p to diam- 


eter of hole (p + d) in joints of maximum strength in 3g-inch plate, 


¥or Single-riveted Plates, 


Original Tenacity of |Shearing Resistance of 
Plate. ivets. : A Ratio. 
Ratio. } Ratio, Plate Area 
Tons per | Lbs. per | Tons per | Lbs. per | 2+! |P +4 la aree 
sq. in. sq. in. sq. in. Sq. In. 
30 67,200 22 49,200 2.48 ‘| 230°] 0.667 “ 
28 62,720 22 49,200 2.48 2.40 0.785 
80 67,200 24 53,760 2.28 2.27 0.713 
28 62,720 24 53,760 2.28 2.36 0.690 


This table shows that the diameter of the hole (not the diameter of the 
rivet) should be 244 times the thickness of the plate, and the pitch of the 
rivets 234 times the diameter of the hole, Also, it makes the mean plate area 
71% of the rivet area. 

If a smaller rivet be used than that here specified, the joint will not be of 
uniform, and therefore not of maximum, strength; but with any other size 
of rivet the best result will be got by use of the pitch obtained from the 
simple formula 


d2 
p=a>-+d, 


where, as before, d is the diameter of the hole. 
The value of the constant a in this equation is as follows: 


For 80-ton plate and 22-ton rivets, a = 0.524 
iid 28 “ee 22 “ oe 0 558. 


“ 30 ity 24 “ 6 0.570 
“ 28 “ 24 “ *“ 0.606 


* 2 
Or, inthe mean, the pitch p = 0.56 e +d. 


It should be noticed that with too small rivets this gives pitches often con- 
siderably smaller in proportion than 23¢ times the diameter. 

For double-riveted lap-joints a similar caloulation to that given 
above, but with a somewhat smaller allowance for excess tenacity, on} 
account of the large distance between the rivet-holes, shows that for joints 
of maximum strength the ratio of diameter to thickness should remain pre- 
cisely as in single-riveted joints; while the ratio of pitch to diameter of hole 
should be 3.64 for 30-ton plates and 22 or 24 ton rivets, and 3.82 for 28-ton 
plates with the same rivets. f ~ 

Here, still more than in the former case, it is likely that the prescribed 
size of rivet may often be inconveniently large. In this case the diameter 
of rivet should be taken as large as possible; and the strongest joint for a 
given thickness of plate and diameter of hole can then be obtained by using 
the pitch given by the equation i 


a? 
p=a>t4, 


where the values of the constant a for different strengths of plates and 
rivets may be taken as follows: 


358 RIVETED JOINTS. 


Table of Proportions of Double=riveted Lap-joints, 
2 
in which p = atta. 


Original tenacity Shearing Resist- Value of Con- 


Thickness of of Plate, ance of Rivets. stant. 
Plate. Tons per sq. in, ‘Tons per sq. in. a 
36 incr 30 24 1.15 
3g‘ 28 24 1.22 
aS 30 22 1.05 
Fe 28 22 1.12 
s 30 24 1.17 
4 be 28 24 1.25 
34 by 30 22 1.07 
54 4 28 23 1.14 


Practically, having assumed the rivet diameter as large as possible, we 
can fix the pitch as follows. for any thickness of plate from 8 to 34 inch: 


04. * d? 
For - ton plate and = ton rirptet p= 1.16 = +d; 
« ae _ @ 
“« 30 “ 92 66 “ Pp 1.06 ; 4 d; 


2 
6 Og 46 oe % 94 «6 “6 p=1aS +d, 


In double-riveted butt-joints it is impossible to develop the full 
shearing resistance of the joint without getting excessive bearing pressure, 
because the shearing area is doubled without increasing the area on whick 
the pressure acts. Considering only the plate resistance and the bearin 
pressure, and taking this latter as 45 tons per square inch, the best pitch 
would be about 4 times the diameter of the hole. We may probably say 
with some certainty that a pressure of from 45 to 50 tons per square inch on 
the rivets will cause shearing to take place at from 16 to 18 tons per square 
inch. Working out the equations as before, but allowing excess strength of 
only 5% on account of the large pitch, we find that the proportions of double- 
riveted butt-joints of maximum strength, under given conditions, are those 
ot the following table; 


Double-riveted Butt-joints, 


Original Ten- Shearing Re- Bearing 
acity sistance Pres- Ratio 


of Plate, . of Rivets, sure, ) Ratio 
Tons per Tons per Tons per = 2 
sq. in, 8q. in, 8q. in. t ad 

30 16 45 1.80 3.85 

O28 16 45 1.80 4.06 

¥ 80 18 48 1.70 4.03 

28 18 48 1.70 4.27 

30 ‘16 50 2.00 4,20 

28 caged 3) 50 2.00 4.42 


Practically, therefore, it may be said that we get a double-riveted butt-joint 
of maximum strength by making the diameter of hole about 1.8 times the 
pricenes of the plate, and making the pitch 4.1 times the diameter of the 

ole. 

The proportions just given belong to joints of maximum strength. But in 
a boiler the one part of the joint, the plate, is much more affected by time 
than the other part, the rivets, It is therefore not unreasonable to estimate 
the percentaye by which the plates might be weakened by corrosion, ete., 
before the boiler would be unfit for use at its roper steam-pressure, and to 
add correspondingly to the plate area. Probai ly the best thing to do in this 
case is to proportion the joint, not for the actual thickness of plate, but for 
a nominal thickness less than the actual by the assumed percentage, In 
this case the joint will be approximately one of uniform strength by the 
time it has reached its final workable condition ; up to which time the joint _ 
as a whole will not really have been weakened, the corrosion only gradually 
bringing the strength of the plates down to that of rivets. 
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Efficiencies of Joints. 


The average results of experiments by the committee gave: For double- 
riveted lap-joints in 3g-inch plates, efficiencies ranging from. 67.2% to 81.2%. 
For double-riveted br'tt-joints (in double shear) 61.4% to 71.5%. These low re- 
sults were probably due to the use of very soft steel in the rivets. For single. 
eas lap-joints of various dimensions the efficiencies varied from 54.8% to 


The experiments showed that the shearing resistance of steel did not in- 
frease nearly so fast as its tensile resistance. With very soft steel, for 
instance, of only 26 tons tenacity, the shearing resistance was about 80% of 
the tensile resistance, whereas with very hard steel of 52 tons tenacity the 
shearing resistance was only somewhere about 65% of the tensile resistance. 


Proportions of Pitch and aEerlae of Plates to Diameter ( 
of Rivet-HMole and Thickness of Plate, 


(Prof. A, B. W. Kennedy, Proc. Inst. M. E., April, 1885.) y 
t = thickness of plate; 
d = diameter of rivet (actual) in parallel hole; 
p = pitch of rivets, centre to centre; 
S$ = space between lines of rivets; 
l= overlap of plate. 
The pitch is as wide as is allowable without imparing the tightness of the 
joint under steam. 
For single-riveted lap-joints in the circular seams of boilers which have 
double-riveted longitudinal lap-joints, 


tox 2.25" 
p=adx 2.25 = t x 5 (nearly); 
t=t x le 
For double-riveted lap-joints: 
d= 2.25t; 
' p= 8t; 
s= 4.5t; 
t= 10:58; 
Single-riveted Joints. Double-riveted Joints. 
t d Pp 1 t d Pp 8 u 
3-16 16 | 15-16) 114 | 8-16 7-16 | 1% tae es re 
yy 9-16 |1 1 iy 9-16 2 13-16 234 
sie | 11-16 |1d16 | 172 | sae | 11-16| 23 16 38¢ 
36 13-16 |17 214 13-16} 3 134 4 
7-16 |1 Ave 2 oe 1 36 es 496 
1 2 
ote i 213-16 | 336 | 9-16 [114 44% | 244 By, 


With these proportions and good workmanship there necd be no fear of 
leakage of steam through the riveted joint. i 

The net diagonal area, or area of plate, along a zigzag line of fracture 
should not be less than 30% in excess of the net area straight across the 
joint, and 35% is better. i x 

Mr. Theodore Cooper (R. Ff, Gazette, Aug. 22, 1890) referring to Prof. Ken- 
nedy’s statement quoted above, gives as a sufficiently approximate rule for 
the proper pitch between the rows in staggered riveting, one half of the 
pitch of the rivets in a row plus one quarter the diameter of a rivet-hole. 


Apparent Excess in Strength of Perforated over Unper= 
forated Plates, (Proc. Inst. M. E., October, 1888.) 


The metal between the rivet-holes has a considerably greater tensile re- 
sistance per square inch than the unperforated metal. This excess tenacity 
amounted to more than 20%, both in 3-inch and 34-inch plates, when the 
pitch of the rivets was about 1.9 diameters. In other cases 8-inch plate 
gave an excess of 15% at fracture with a pitch of 2 diameters, of 10% with a 
pitch of 3.6 diameters, and of 6.6% with a pitch of 4.9 diameters; and 34-inch 
plate gave 7,8% excess with a pitch of 2,8 diameters. 
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(1) The ‘‘excess strength due to perforation ” is increased by anything 
which tends to make the stress in the plate uniform, and to dimiuish the 
effect of the narrow strip of metal at the edge of the specimen. 

(2) It is diminished by increase in the ratio of p/d, of pitch to diameter of 
hole, so that in this respect it becomes less as the efficiency of the joint 
increases. 

(3) It is diminished by any increase in hardness of the plate. 

(4) For a given ratio p/d, of pitch to diameter of hole, it is also APRS T ony, 
diminished as the thickness of the plate is increased. The ratio of pitch to 
thickness of plate does not seem to affect this matter directly, at least 
within the limits of the experiments. 


Test of Double-riveted Lap and Butt Joints. 
(Proc. Inst. M. E., October, 1888.) 


Steel plates of 25 to 26 tons per square inch T, S., steel rivets of 24.6 tons 
shearing-strength per square inch. 


F * = Comparative 
A : Thickness of Diameter of Ratio of Pitch F 

Kind of Joint. Plate. © Rivet-holes. to Diameter. bape a ak of 

so 0.8” 8.62 75.2 
0.7 3.93 ee) 

1.1 2.82 68.0 

1.6 3.41 73.6 

34 11 4.00 72.4 

54 1.6 3.94 76.1 

1 1.3 2.42 63.0 

1 1.75 -00 70.2 

1 1.3 3.92 76.1 


Some Rules which have been Proposed for the Diameter 
of the Rivet in Single Shear. (Jron, June 18, 1880.) 


IBLOWNAKES. Serlesevase ces ee d = 2t (with double covers 114t) (1) 
ATED ALM Semis'> 5c ateraieloisinsincie d = 2t for plates less than 3 in. (2) 

ss Z ... d= 1it for plates greater than 3 in. (8) 
Lemaitre. . -d=1.5t+ 0.16 . <4) 
RUCOINC Joos ee Soke es nto ee ee d=11 Vt (5) 
Pohlig..... tee ETA Ore he d = 2t for boiler riveting (6) 

BS ieteraie Wun Slog emia d = 3t for extra strong riveting @ 
Redtenbacher............+- d = 1.5t to 2¢ (8) 
WWI fos csvces .-. d= 4t + 5/16 to Het + 34 (9) 

ee OTS ee d=1,.2 Vt (10) 


The following table contains some data of the sizes of rivets used in 
practice, and the corresponding sizes given by some of these rules. 


Diameter of Rivets for Different Thicknesses of Plates. 
Diameter of Rivets, in inches. 


Thick- = a o e a 
ness of|m .| 2. |a?| aa |B Sa 5 2 ; 
late. fo | BS [28/88 jo] Be |g. | 8.1 8s] § 
nches.|65/ Sa [Hu] £8 |EC| Bg | gS | Se | se | 2 
Aa SS asleep is | ee | 8 4 =) E 
A a) fs 
5/16 | 5% | 56 PN TWig a it gg | emg aN ame 11/16 
6,5 | 98 | 8 6 leg" | 82 | 38 23/32 | i116 | 34 11/16 
716 % | 34 | 96 || 282] i918 | 34 13/16 | 34 
ie | 18/16| $4 |... 1 | 84 3/16. | 34 % Ey 
Taro eae ae ca 
comme se oO, 
14/16 i | | iayiel@ | a'aae 13/16 | 15/16 | 1 4 
34 46/1614 || 3G \escal 1G | 194 15/16 | 11/16 | 1 
‘tee |%lt 1 | ....|..-] 1778211896 «(1 11 82 
Bo EI altG |E|iaccfowes oe [ovreeee 1 16 |? 
SERGI APE RCE ioe tal sailpas aa UE} a1a1je | 1816 | 114 
Ten ls 1g | 114 


a eS | thicknesas of) 


=e oS 2S" 
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Strength of Double-riveted Seams, Calculated. —W. B. 
Ruggles, Jr., in Power for June, 1890, gives tables of relative strength of 
rivets and parts of sheet between rivets in double-riveted seams, compared 
with strength of shell, based on the assumption that the shearing strength 
of rivets and the tensile strength of steel are equal. The following figures 
show the sizes in his tables which show the nearest approximation to equal- 
ity of strength of rivets and pete of plates between the rivets, together 
with the percentage of each relative to the strength of the solid plate. 


Thicknesss of 


g Percentage of [55 Percentage of 
a Pitch |Size of Strength of 23 Pitch |Size of | Strength of 
SI of Rivet- Plate. os of Rivet- Plate. 

| Rivets,| holes, g | Rivets,| holes, 

£ inches. | inches. ‘24| inches.| inches. 

a Rivets.| Plate. | Ga, Rivets.| Plate. 
yy 2 % «739 765 7/16) 234 34 734 -728 
yy ae 9/16 795 V5 /16 24 138/16 «158 -740 

Y 3 54 785 .800 7/16) 33 y 58 9 
Y 3 11/16 .819 810 7/16) 4% 15/16 765, “V3 

5/16 24 9/16 749 735 % 2 34 (07 700 
5/16 258 P74 748 762 % 24 13/16 71 718 
5/16} 34 11/16 - 761 780 % 3 Y «740 731 
5/16 BY74 -780 793 % 384 15/16 -736 -0 
Bs) 24, «127 722 aS Ee 1 761 158 

256 11/16 ~T55 738 9/16} 2 13/16 701 690 

31g 34 «154 760 9/16} 3 % 714 - 708 

36 3% 13/16 762 776 9/16] 336 15/16 3127 22 

36 41g % 177 788 9/16} 334 1 «745, 733 

/16 234 11/16 714 711 9/16) 414 1 1/16 «742 -750 


4 


H. De B. Parsons (Am. Engr. & R. R. Jour., 1893) holds that it is an error ta 
assume that the shearing strength of the rivet is equal to the tensile strength. 
Also, referring to the apparent excess in strength of perforated over unper- 
forated plates, he claims that on account of the difficulty in properly match- 
ing the holes, and of the stress caused by forcing, as is too often the case 
in practice, this additional strength cannot be trusted much more than 
that of friction. 

Adopting the sizes of iron rivets as generally used in American practice 
for steel plates from 14 to 1 inch thick: the tensile strength of the plates as 
60,000 Ibs.; the shearing strength of the rivets as 40,000 for single-shear and 
35,500 for double-shear, Mr. Parsons calculates the following table of 
pitches, so that the strength of the rivets against shearing will be approxi- 
mately equal to that of the plate to tear between rivet-holes. The diameter 
of the rivets has in all cases been taken at 1/16 in. larger than the nominal 
size, as the rivet is assumed to fill the hole under the power riveter. 


Riveted Joints. 
Lap or Burt wITH SINGLE WELT—STEEL PLATES AND IRON RIVETs. 


; Pitch. Efficiency. 
Thickness | Diameter 
fo) 9 a ee ee 
Plates. Rivets. Single. Double, Single. Double. 
% Ms 1 ¥16 1% 55.7% 70.0% 
/ : 55.75 ; 
4 34 1 11/16 2 11/16 52.7 68.6 
% 1% 234 49.0 65.9 
% 1 11/16 2 7/16 43.6 60.4 
1 1% 256 42.0 59.5 
% 1 134 2 7/16 38.6 55.4 
1 11/8 2 3/16 256 88.1 54.9 
a EEEEEEEEEESEEEENEnEDNSEnEnEEEEEE SES 
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leulated Efficiencies—Steel Plates and Steel Rivets,— 
ETT eet re between the calculated efficiencies given in the two tables 
above are notable. Those given by Mr. Ruggles are probably too high, since | 
he assumes the shearing strength of the rivets equal to the tensile strength 
of the plates. Those given by Mr. Parsons are probably lower than will be 
obtained in practice, since the figure he adopts for shearing strength is 
rather low, and he makes no allowance for excess of strength of the perfo- 
rated over the unperforated plate, The following table has been calculated 
by the author on the assumptions that the excess strength of the perforated 
hints is 10%, and that the shearing strength of the rivets per square inch is 
four fifths of the tensile strength of the plate. If ¢ = thickness of plate, 
d = diameter of rivet-hole, p = pitch, and T7'= tensile strength per square 
inch, then for single-riveted plates 


5 
2 
For double-riveted plates, p = 1.140% +d. 


4 a2 
(p — Mt X 1.107 = oe x gf, whence p = .bT1> +d. 


The coefficients .571 and 1.142 agree closely with the averages of those | 
given in the report of the committee of the Institution of Mechanical En- . 
gineers, quoted on pages 357 and 358, ante, 


Pitch, Efficiency. Pitch. Efficiency, 
g Diam : see am! Ae Diam. rg Fok | a ee 
: : .f 2 3 3 ; : 
& Rivet- oF 27 2a ae & Rivet- 2 ae 22 ae 
2 | hole. | 3 | 58] YS | SE08 | hoe | 4S | SS] BS | Se 
| 2 |8e\a2|se]e “ae &e bee | Se 
Fi a) 8 | "81 Ag Te a) ee) Sa.) Se 
in.| in in, in % % fins) in, in, | in. % & 
3/16) 7/16 | 1.020) 1.603] 57.1 | 72.7 % 34 1.292] 2.035) 46.1 | 63.1 
‘s 1.261) 2.023) 60.5 | 75.3 9 * % 1.749) 2.624} 50.0 | 66.6 
Y% 1.071] 1.642) 53.3 | 69.6 9 1 2.142) 3.284] 53.3 | 70.0 
ch 9/16 } 1.285) 2.008} 56.2 | 72.0 9 “ 144 2.570) 4.016) 56.2 | 72,0 
6/16} 9/16 | 1.137] 1.712] 50.5.| 67.1 9/16 24 1,321] 1.892] 43.2 |} 60.3 
. 1.339] 2.053) 58.3 | 69.5 § * % 1.652) 2.429) 47.0 | 64.0 
SS 11/16 | 1.551) 2.415) 55.7] 71.5 9 1 2.015) 3.030} 50.4 | 67.0 
84 1,218) 1.810] 48,7 | 65,5 § * 1% 2.410) 8.694) 53.3 ; 69.5 
Wa e 1.607) 2.463) 53.3 | 69.5 § “ 14 2,836) 4,422) 55.9 }) 71.5 
ay 4 2.041] 8.206] 57.1 | 72.7 9 5¢ % 1.264] 1.778] 40.7 | 57.8 
9/16 32 1.136) 1.647] 45.0 | 62.0 9 * % 1.575] 2.274) 44.4 | 61.5 
1.484) 2.218] 49.5 | 66.2 9 it 1,914] 2.827] 47.7 | 64.6 
p 4 1,869) 2.864) 53,2 | 69.4 § “ 14% 2.281] 8,488] 50.7 | 67.3 
Ae 1 2.305] 3.610] 56.6 | 72.3 § * 14 2.678] 4.105) 58.8 | 69.5 


a _  N eee 5 
Riveting Pressure Required for Bridge and Boiler 
Work. 


(Wilfred Lewis, Engineers’ Club of Philadelphia, Nov., 1893.) 


A number of 3¢-inch rivets were Baliectog to pressures between 10,000 and. 
60,000 lbs. At 10,000 lbs, the rivet swelled and filled the hole without forming 
a head. At 20,000 Ibs. the head was formed and the piece were slightly 
pinched. At 30,000 lbs. the rivet was well set. At 40,000 lbs. the metal in the 
plate surrounding the rivet began to stretch, and the stretching became 
more and more apparent as the pressure was increased to 50,000 and 60,000 
lbs. From these experiments the conclusion might be drawn that the pres- 
sure required for cold riveting was about 300,000 lbs. per squareinch of rivet 
section. In hot riveting, until recently there was never any call for a pres- 
sure exceeding 60,000 lbs., but now pressures as high as 150,000 Ibs. are not 
uncommon, and even 300,000 Ibs. have been contemplated as desirable. 
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Apparent Shearing Resistance of Rivet Iron and Steel. 
(Proc. Inst. M. H., 1879, Engineering, Feb. 20, 1880.) 


The true shearing resistance of the rivets cannot be ascertained frong 
experiments on riveted joints (1) because the uniform distribution of the 
‘load to all the rivets cannot be insured; (2) because of the friction of the 
plates, which has the effect of increasing the apparent resistance to shear- 

_ ing in an element uncertain in amount, Probably in the case of single, 
riveted joints the shearing resistance is not much affected by the friction, _ 


Ultimate Shearing Stress 
Tons per sq. in. Lbs. per sq. in. 
5 


Tron, single shear (12 bars).. 24.1 54.096 ) ) 
Bt Soule eigen (abana 22.10 49.504 ( Clarke. 
se bb ie 22.62 50.669 Barnaby, 
ee as ye ee 22.30 49.952. Rankine, - 


ne 34 in. Tivets.......+0... 28.05 to 25.57 51.682 to 57.277 
a bein rivets. + 24,32 to 27.94 54.477 to free Riley. 
6. 


“mean value 25.0 
“ 5¢-in. rivets, naeat) 19.01 42.582 Greig and Eyth, 
Bteebies ersn: ats cs Hoe) oe 17 to 26 38.080 to 58.240 Parker. 


Landore steel, 34-in. rivets.. 31.67 to 33.69 70.941 to 75.466 
o ce -in, rivets.. 30.45 to 35.73 68.208 to 80.035 Riley. 
yl “mean value.. _ 33.8 74.592 
Brown's steel cos ses sowlsee + 22.18 49.683 Greig and Eyth. 


Fairbairn’s experiments show that a rivet is 614% weaker in a drilled than 

ina punched hole. By rounding the edge of the rivet-hole the apparent 

_ shearing resistance is increased 12%. Mr. Maynard found the rivets 4% 
weaker in drilled holes than in punched holes, But these results were 
obtained with riveted joints, and not by direct expeyiments on shearing. 
There is a good deal of difficulty in determining the true diameter of a 
punched hole, and it is Goubtful whether in these experiments the diameter 
was very accurately ascertained. Messrs. Greig and Hyth’s experiments 
also indicate a greater resistance of the rivets in punched holes than in 
drilled holes. 

If, as appears above, the apparent shearing resistance is less for double 
than for single shear, it is probably due to unequal distribution of the stress 
on the two rivet sections. 

The shearing resistance of a bar, when sheared in circumstances which 
prevent friction, is usually less than the tenacity of the bar. The following 
results show the decrease : 


Tenacity of Shearing : 
Bar, Resistance, Ratio. 
Harkort, iron,......... 26.4 16.5 0.62 
Lavalley, iron.......... 25.4 20.2 0.79 
Greig and Eyth, iron... 22.2 19.0 0.85 } 
‘ ‘*- steel... 28.8 22.1 0.77 


In Wohler’s researches (in 1870) the shearing strength of iron was found 
to be four-fifths of the tenacity, “Later researches of Bauschinger confirm: { 
‘his result generally, but they show that for iron the ratio of the shearing 
resistance and tenacity depends on the direction of the stress relatively te 
the direction of rolling. The above ratio is valid only if the shear is in a 
plane perpendicular to the direction of rolling, and if the tension is applied 
parallel to the direction of rolling. The shearing resistance ina plane 
parallel io the direction of rolling is different from that in a plane perpen- 
dicular to that direction, and again differs according as the plane of shear is 
perpendicular or parallel to the breadth of the bar. In the former case the 
resistance is 18 to 20% greater than in a plane perpendicular to the fibres, or 
is equal to the tenacity. In the latter case it is only half as great as ina 
plane perpendicular to the fibres. 
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CAST IRON. 


Grading of Pig Iron.—Pig iron is commonly graded according to its 
fracture, the number of grades varying in different districts. In Hastern 
Pennsylvania the principal grades recognized are: known as No. 1 and 2 
foundry, gray forge or No, 3, mottled or No. 4,and white or No. 5. Inter- 
mediate grades are sometimes made, as No. 2 X, between No.1 and No. 2, 


' and special names are given to irons more highly silicized than No, 1, as 


No. 1 X, silver-gray, and soft. Charcoal foundry pig iron is graded by num- 
bers 1 to 5, but the quality is very different from the corresponding num- 
bers in anthracite and coke pig. Southern coke pig iron is graded into ten 
or more grades. Grading by fracture is a fairly satisfactory method of 
grading irons made from uniform ore mixtures and fuel, but is unreliable as 
ameans of determining quality of irons produced in different sections or 
from different ores. Grading by chemical analysis, in the latter case, is the 
only satisfactory method. The following analyses of the five standard 
grades of northern foundry and mill pig irons are given by J. M. Hartman 
(Bull. I. & 8, A., Feb., 1892): 


No.1. No.2 No.3. No.4. No.4B. No.5. 


MOU Fert crete cas sienincts 92.37 92.31 94.66 94.48 94.08 94.68 
Graphitic carbon.. 3.52 2.99 2.50 2.02 R02 aca 
Combined carbon.. 13 37 1.52 1.98 1,48 8.83 
Silicon iG. ae. a 2.44 2.52 ve) 56 92 41 
Phosphorus.... ... 1.25 1.08 26 19 04 04 
Sulphur 1.705 ces 02 02 trace 08 04 02 
Manganese......... 28 2 34 67 2.02 98 


CHARACTERISTICS OF THESE IRONS. 


No. 1. Gray.—A large, dark, open-grain iron, softest of all the numbers 
and used exclusively in the foundry. Tensile strength low. Elastic limit 
low. Fracturerough. Turns soft and tough. 

No. 2. Gray.—A mixed large and small dark grain, harder than No, 1 iron, 
and used exclusively in the foundry. Tensile strength and elastic limit 
higher than No. 1. Fracture less rough than No. 1. Turns harder, less 
tough, and more brittle than No. 1. 

No. 3. Gray.—Small, gray, close grain, harder than No, 2 iron, used either 
in the rolling-millor foundry, Tensile strength and elastic limit higher than 
No. 2. Turns hard, less tough, and more brittle than No. 2, 

No. 4. Mottled.—White background, dotted closely with small black spots 
of graphitic carbon; little or no grain. Used exclusively in the rolling-mill. 
Tensile pps ths and elastic limit lower than No.3. Turns with difficulty; 
less tough and more brittle than No. 3. The manganese in the B pig iron 
replaces part of the combined carbon, making the iron harder and c losing 
the grain, notwithstanding the lower combined carbon. 

No. 5. White.—Smooth, white fracture, no grain, used exclusively in the 
rolling mill. Tensile strength and elastic limit much lower than No. 4. Too 
hard to turn and more brittle than No. 4. 

Southern pig irons are graded as follows, beginning with the highest in 
silicon: Nos. 1 and 2 silvery, Nos. 1 and 2 soft, all containing over 8% of 
silicon; Nos. 1, 2, and 3foundry, respectively about 2.75%, 2.5% and 2% silicon; 
No. 1 mill, or “‘foundry forge;” No. 2 mill, or gray forge; mottled; white, 

Good charcoal chilling iron for car wheels contains, as a rule, 0.56 to 0.95 
silicon, 0.08 to 0.90 manganese, 0.05 to 0.75 phosphorus. The following is an 
analysis of a remarkably strong car wheel: Si, 0.734; Mn, 0.488; P. 0.428, 


» §, 0.08; Graphitic C, 3.088; Combined C, 1.247; Copper, 0,029. The chill was 


very hard—!4 in. deep at root of flange, 14 in. deep on tread. A good 
ordnance iron analyzed: Si, 0.30; Graphitic C, 2.20; Combined Q, 1.703) PB, 
0.44; Mn, 3.55 (?). Its specific gravity was 7.22 and tenacity 31,734 Ibs. 

er sq. in. 
‘ Influence of Silicon, Sonus Sulphur, and Man- 
ganese upon Cast Iron.—W. J. Keep, of Detroit, in several papers 
(Trans. A. I. M. E., 1889 to 1893), discusses the influence of various chemical 
elements on the quality of cast iron. From these the following notes have 
been condensed: E 

Simicon.—Pig iron contains all the carbon that it could absorb during its 
reduction in the blast-furnace. Carbon exists in cast iron in two distinct 
forms. In chemical union, as “‘ combined” carbon, it cannot be discerned, 
except as it may increase the whiteness of the fracture, in so-called white 
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iron, Carbon mechanically mixed with the iron as Se ee is visible, vary- 
ing in coior from gray to black, while the fracture of the iron ranges from a 
light to a very dark gray. i 

Silicon will expel carbon, if the iron, when melted, contains ail the carbon 
that it can hold and a portion of silicon be added. eh ; 

Prof, Turner concludes from his tests that the amount of silicon producing 
the maximum strength is about 1.80%. But this is only true when a white 
base is used. If an iron is used as a base which will produce a sound casting 
to begin with, each addition of silicon will decrease strength. Silicon itself 
is a weakening agent. Variations in the percentage of silicon added to a pig 
iron will not insure a given strength or physical structure, but these results 
will depend upon the physical properties of the original iron. 

After enough silicon has been added to cause solid castings, any further 

, addition and consequent increase of graphite weakens the casting. _ 

' As strength decreases from increase of graphite and decrease of combined 
carbon, deflection increases ; or, in other words, bending is increased by 
graphite. When no mote graphite can form and silicon still increases, de- 
flection diminishes, showing that high silicon not only weakens iron, but 
makes it stiff. This stiffness is not the same strength-stiffness which is 
caused by compact iron and combined carbon, It is a brittle-stiffness. 

Silicon of itself, however small the quantity present, hardens cast-iron; 
but the decrease of hardness from the change of the combined carbon to 
graphite. caused by the silicon, isso much more rapid than the hardening 
produced by the increase of silicon, that the total effect is to decrease hard- 
ness, until the silicon reaches from 8 to 54. 

As practical foundry-work does not call for more than 3% of silicon, the 
ordinary use of silicon does reduce the hardness of castings; but this is pro- 
duced through its influence on the carbon, and not its direct influence on the 
iron. 

When the change from combined to graphite carbon has ceased to dimin- 
ish hardness, say at from 2% to 5g of silicon, the hardening by the silicon it- 
self becomes more and more apparent as the silicon increases. 

The term “chilling” irons is generally applied to such as, cooled slowly, 
would be gray, but cooled suddenly become white either to a depth suffi- 
cient for practical utilization (e.g., in car-wheels) or so far as to be detrimen- 
tal. Many irons chill more or less in contact with the cold surface of the 
mould in which they are cast, especially if they are thin. Sometimes this is 
a valuable quality, but for general foundry purposes it is desirable to have 
all parts of a casting an even gray. 

Silicon exerts a powerful influence upon this property of irons, partially 
or entirely removing their capacity of chilling. 

When silicon is mixed with irons previously low in silicon the fluidity is 
increased. 

It is not the percentage of silicon, but the state of the carbon and the 
action of silicon through other elements, which causes the iron to be fluid. 

Silicon irons have always had the reputation of imparting fuidity to other 
irons. This comes, no doubt, from the fact that up to 3% or 4% they increase 
the quantity of graphite in the resulting casting. 

A white iron which will invariably give porous and brittle castings can ba 
made solid and strong by the addition of silicon; a further addition of sili. 
con will turn the iron gray; and as the grayness increases the iron will grow 
weaker. Excessive silicon will again lighten the grain and cause a hard and 
brittle as well as a very weak iron. The only softening and shrinkage-les- 
sening influence of silicon is exerted during the time when graphite is being 
prea a and silicon of itself is not a softener or a lessener of shrinkage; 

ut through its influence on carbon, and only during a certain stage, does it 
produce these effects, 

PuHospHoRuS.— While phosphorus of itself, in whatever quantity present, 
weakens cast-iron, yet in quantities less than 1.5% its influence isn t suffi. 
ciently great to overbalance other beneficial effects, which are exerted 
before the percentage reaches 1%. Probably no element of itself weakens 
cast iron as much as phosphorus, especially when present in large quantities. 

Shrinkage is decreased when phosphorus is increased, All hi ‘h-phosphorus 

ig irons have low shrinkage. Phosphorus does not ovdtineine harden cast 
iron, probably for the reason that it does not increase combined carbon. 

The fluidity of the metal is slightly increased by phosphorus, but not ta 
apy such great extent as has been ascribed to it, er 

The property of remaining long in the fluid state must not be confounded 
with fluidity, for it is not the measure of its ability to make sharp castings, 


INFLUENCE OF SILICON, ETC., UPON CAST IRON. 367 


= AS agri hy sgt pegs parts mb, a mould, sencrally speaking. the state 
ent is justifie: t, to some extent, phosphorus prolongs the fluidit 
‘the iron while it is filling the mould. ae. F 3 oe 

The old Scotch irons contained about 1% of phosphorus, The foundry-irons 
‘which are most sought for for small and thin castings in the Eastern States 
‘eontain, as a general thing, over 1% of phosphorus. 

‘Certain irons which contain from 4% to'7% silicon have been so much used 
‘on account of their ability to soften other irons that they have come to be 
‘known as “‘ softeners” and as lesseners of shrinkage. These irons are valu- 
sable as carriers of silicon ; but the irons which are sold most as softeners 
‘and shrinkage-lesseners are those containing from 14 to 2% of phosphorus, 
‘We must therefore ascribe the reputation of some of them largely to the 
jphosphorus and not wholly to the silicon which they contain. 

_ From 14% to 1% of phosphorus will do all that can be done in a beneficial 


way, and all above that amount weakens the iron, without corresponding 


benefit. It is not necessary to search for phosphorus-irons, Most irons 

contain more than is needed, and the care should be to keep it within limits. 

_ SuLpHUR.—Only a small percentage of sulphur can be made to remain 

in carbonized iron, and it is difficult to introduce sulphur into gray east iron 
or into any carbonized iron, although gray cast iron often takes from the 
fuel as much more sulphur as the iron originally contained. Percentages 
‘of sulphur that could be retained by gray cast iron cannot materially injure 
the iron except through an increase of shrinkage. The higher the carbon, 
: a ae higher the silicon, the smaller will be the influence exerted by 
‘sulphur. 

The influence of sulphur on all cast iron is to drive out carbon and 
silicon and to increase chill, to increase shrinkage, and, as a general thing, to 
decrease strength ; but if in practice sulphur will not enter such iron, we 
shallnot have any cause to fear this tendency. In every-day work, however, 
it is found at times that iron which was gray when put into the cupola comes 
out white, with increased shrinkage and chill, and often with decreased 
strength. This is caused by decreased silicon, and can be remedied by an 

increase of silicon. 
' Mr. Keep’s opinion concerning the influence of sulphur, quoted above, is 
disagreed with Dy J. B. Nau (Tron Age, March 29, 1894). He says: 

“Sulphur, in whatever shape it may be present, has a deleterious influence 
on theiron, It has the tendency to render the iron white by the influence 
it exercises on the combination between carbon andiron. Pig iron contain- 
ing a certain percentage of it becomes porous and full of holes, and castings 
made from sulphurous iron are of inferior quality. This happens especially - 
when the element is present in notable quantities. With foundry-iron con- 
taining as high as 0.1% of sulphur, castings of greater strength may be ob- 
tained than when no sulphur is present. 

That the sulphur contents of pig iron may be increased by the sulphur 
contained in the coke used, is shown by some experiments in the cupola, 
reported by Mr. Nau. Seven consecutive heats were made, 

eee sulphur content of the coke was 1%, and 11.7% of fuel was added to the 
charge. 

Betore melting, the silicon ranged from 0,320 to 0.830 in the seven heats 3 
after melting, it was from 0,110 to 0.534, the loss in melting being from .100 

to .375. The sulphur before melting was from .076 to .090, and after melting 
from .132 to .174, a gain from .014 to .098. 2 

Froin the results the following conclusions were drawn : 

1. In all the charges, without exception, sulphur increased in the pig iron 
after its passage through the cupola. In some cases this increase more 
than doubled the original amount of sulphnr found\in the pig iron. E 

2. The increase of the sulphur contents in the iron follows the elimination * 
of a greater amount of silicon from that same iron. A larger amount of 
limestone added to these charges would have produced a more basic cinder, 


and undoubtedly less sulphur would have been incorporated in the iron. 


3. This coke contained 1% of sulphur, and if all its AGT had passed into 
the iron there would have been an average increase of 0.12 of sulphur for 
the seven charges, while the real increase in the pig iron amounted to only 

0.081. This shows that two thirds of the sulphur of the coke was taken up 


_ by the iron in its passage through the cupola, 


MANGANESE.—Manganese is a nearly white metal, having about the same 
appearance when fractured as white castiron. As produced commercially, 
it is combined with iron, and with small percentages of silicon, phosphorus, 
and sulpbur, 

_ If the manganese is under 40%, with the remainder mostly iron, and silicon 
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not over 0.502, the alloy is called spiegeleisen, and the fracture will show flat _ 


reflecting surfaces, from which it takes its name. 

With manganese above 502, the iron alloy is called ferro-manganese. 

As manganese increases beyond 504, the mass cracks in cooling, and when 
it approaches 982 the mass crumbles or falls in small pieces. 

Manganese combines with iron in almost any proportion, but if an iron 
containing manganese is remelted, more or less of the manganese will escape 
by volatilization, and by oxidation with other elements present in the iron. 
If sulphur be present, some of the manganese will be likely to unite with it 
and escape, thus reducing the amount of both elements in the easting. 

Cast iron, when free from manganese, cannot hold more than 4.50% of care 
bon, and 3.50Z isas much asis generally present; but as manganese increases, 
carbon also increases, until we often find it in spiegel as high as 5%, and in 
ferro-manganese as high as 6%. This effect on capacity to hold carbon is 
peculiar to manganese. 

" Manganese renders cast iron less plastic and more brittle. 

Manganese increases the shrinkage of cast iron. An increase of 1% raised 
the shrinkage 26%. Judging froin some test records, manganese does not 
influence chill at ail; but other tests show that with a given percentage of 
silicon the carbon may be a little more inclined to remain in the combine 
form, and therefore the chill may be a little deeper. Hence, to cause the 
chill to be the same, it would seem that the percentage of silicon should be 
a little higher with manganese than without it. 


An increase of 1% of manganese increased the hardness 40%. If a hard 


chillis required, manganese gives it by adding hardness to the whole casting, 

J.B. Nau (Iron Age, March 29, 1894), discussing the influence of manga. 
nese on cast iron, says: 

Manganese favors the combination between carbon and iron, Its influ 
ence, when present in sufficiently large quantities, is even great enough not 
only to keep the carbon which would be natur: found in pig iron com 
bined, but it increases the capacity of iron to retain larger amounts of car- 
bon and to retain it all in the combined state, 

Manganese iron is often used for foundry purposes when some chill and 
hardness of surface is required in the easting. For the rolls of steel-rail 
mills we always put into the mixture a large amount of manganiferous iron, 
and the rolls so obtained always presented the desired hardness of surface 
and in general a mottled structure on the outside. The inside, which al- 
ways cooled much slower, was gray iron. One of the standard mixtures that 
invariably gave good results was the following: 

50% of foundry iron with 1.3¢ silicon and 1.5¢ manganese; 
35% of foundry iron with 1¢ silicon and 1.5¢ manganese; 
15% steel (rail ends) with about 0.35¢ to 0.40% carbon, 

The roll resulting from this mixture contained about 1% of silicon and 1% 
of manganese. 

‘ paca! mixture, which differed but little from the preceding, was as 
‘ollows: 

45% foundry iron with about 1.3¢ silicon and 1.5% manganese; 

30% foundry iron with about 1¢ silicon and 1.5% manganese; 

10% white or mottled iron with about 0.5¢ to 0.6% Si. and 1.2% Mn. 

15z Bessemer stecl-rail ends with about 0.35¢ to 0.402 C. and 0.6% to 1% Mn. 

The pix iron used in the preceding mixtures contained also invariably 
from 1.5% to 1.8% of phosphorus, so that the rolls obtained therefrom carried 
about 1.2% to 1.4% of that element. The last mixture used produced rolls 
containing on the average 0.82 to 12 of silicon and 1% of Inanganese. When- 
ever we tried to make thiose rolls from a mixture containing but 0.2% to 0.3% 


manganese our rolls were invariably of inferior quality, grayer, and con=. 


. Sequently softer. Manganese iron cannot be used indiscriminately for 

foundry purposes. When greater softness is required in the castings man- 
ganese has to be avoided, but when hardness to a certain extent has to be 
obtained manganese iron can be used with advantage. 

Manganese decreases the magnetism of the iron. This characteristic in- 
creases with the percentage of manganese that enters into the composition 
oftheiron. The iron loses ail its magnetism when manganese reaches 25% 
of its composition. For tis reason manganese iron has to be avoided in 
castings of dynamo fields and other pieces belonging to electric machinery, 
where magnetic conductibility is one of the first considerations. 

Shrinkage of Cast Kron.—Mr. Keep gives a series of curves show- 
ing that shrinkage depends on silicon and on the cross-section of the 
casting, decreasing as the silicon and the section increase, The following 
figures are obtained by inspection of the curves: 
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3 Size of Square Bars. S Size of Square Bars. 

Be] aa 

oe : i . A * 2 . : p a? s 
80 | tin. | 1lin.| 2in.| 3in.| 4in. ‘50 | fin. |1in.|2in. | 3in.|4in. 
as ae 

4 Shrinkage, In. per Foot. Shrinkage, In. per Foot. 


1.00] .178] .158] .129] .112] .102]/ 2.50) .142] .121] .091] .072| .060 
1.50] .166| .145] .116| .099] .088 || 3.00} .130} .109} .078| .058} .046 
2/00] .154| .133] .104| .086] .074 || 3.50} .118] .097] .065]| .045 30324 


Mr. Keep says: ‘‘ The measure of shrinkage is practically equivalent to a 
chemical analysis of silicon. It tells whether more or less silicon is needed 
to bring the quality of the casting to an accepted standard of excellence.” 

Strength in KBelation to Silicon and Cross-section.— 
In castings one half-inch square in section the strength increases as silicon 
increases from 1.00 to 3.50; in castings 1 in. square in section the strength 
is practically independent of silicon, while in larger castings the strength 
decreases as silicon increases. F 

The following table shows values taken ‘from Mr. Keep’s curves of the 
approximate transverse strength of }-in. X 12-in. cast bars of different sizes. 


< Size of Square Cast Bars. : Size of Square Cast Bars. 
tS Baroy eebatcli ogg 
ee tin. | 1 in.|2in.|3in.|4in.|} 80 | din. | Lin. | 2in.| 3in,|4in. 
ae, ag 


Strength of a }in. X 12-in. Strength of a 3-in. X 12-in. 
Section, lbs. Section, lbs. 


‘ 
1.00] 290 | 260 | 232 | 222 | 220 || 2.50] 392 | 278 | 212 | 190 | 184 
1.50| 324 | 272 | 228.| 212 | 208 || 3.00] 426 | 276 | 202 | 180 | 172 
2.00] 358 | 278 | 220 | 202 | 196 || 3.50) 446 | 264 | 192 | 168 | 160 
1 


Irregular Distribution of Silicon in Pig Iron.—J. W. 
Thomas (Iron Age, Nov. 12, 1891) finds in analyzing samples taken from every 
other bed of a cast of pig iron that the silicon varies considerably, the iron 
coming first from the furnace having generally the highest percentage, In 
ane series of tests the silicon decreased from 2.040 to 1.713 from the first bed 
to the eleventh. In another case the third bed had 1.260Si., the seventh 1.718, 
and the eleventh 1.101. He also finds that the silicon varies in each pig, be- 
ing higher at the point than at the butt. Some of his figures are: point of 
pig 2.328 Si.. butt of same 2.157; point of pig 1.834, butt of same 1.787. 

Some Tests of Cast Iron. (G. Lanza, Trans. A. S. M. E., x., 187.)— 
The chemical analyses were as follows: 

Gun Iron, Common Iron, 


per cent. per cent. 
Total:carhboniccscsiccscecevererses 3.51 aeaee 
Graphite. ....-s.sere Seat AN) nah 
Sulphur....... Sene edaeivents aloe 0.173 
PhOSPHOTUS... «vc ccocceececner oe 0.155 0.413 
Bilicon:ccsavepieatlue sien as wa.cine ee 1.140 . 1:89 


The test specimens were 26 inches long and square in section; those tested 
with the skin on being very nearly one inch square, and those tested with 
the skin removed being cast nearly one and one quarter inches square, and 
afterwards planed down to one inch square. ; 

\ Modulus 


Tensile Elastic 
Strength. Limit, f Blas 


f ticity. 
Unplaned common. 20,200 to 23,000 T. S, Av. = 22,066 6,500  13.194,233 

_ Planed common.... 20,300 to 20,800 “* ‘* = 20,520 5,833 11,943,953 
Unplaned gun ~ 27,000 to 28,775 “ = 28,175 11,000 16,130,300 
Planed gun......-.., 29,500 to 31,000 ““ “ = 30, 8,500 15,932, 
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The elastic limit is not clearly defined in cast iron, the elongations increas- 
ing faster than the increase of the loads from the beginning of the test. 
The modulus of elasticity is therefore variable, decreasing as the loads in- 
crease. Hor example, see the results of test of a cast-iron bar on p. 314. 

The Strength of Cast Kron depends on many other things besides 
its chemical composition. Among them are the size and shape of the 
casting, the temperature at which the metal is poured, and the rapidity of 
cooling. Internal stresses are apt to be induced by rapid cooling, and slow 
cooling tends to cause segregation of the chemical constituents and opening 
of the grain of the metal, making it weak. The relation of these variable 
conditions to the strength of cast iron is a complex one and as yet but im- 
perfectly understood. (See ‘‘ Cast-iron Columns,” p. 250.) 

The author recommends that in making experiments on the strength of 
cast iron, bars of several different sizes, such as }4, 1, 134, and 2 in. square (or 
round), should be taken, and the results compared. Tests of bars of one 
size only do not furnish a satisfactory criterion of the quality of the iron of 
which they are made. See Trans. A. I. M. E., xxvi., 1017. 


CHEMISTRY OF FOUNDRY IRONS. 
(C. A. Meissner, Columbia College Q’ly, 1890; Iron Age, 1890.) 


Silicon is a very important element in foundry irons. Its tendeney when 
not above 246% is to cause the carbon to separate out as graphite, giving the 
casting the desired benefits of graphitic iron. Between 244z and 31¢ silicon 
is best adapted for iron carrying a fair proportion of low silicon scrap and 
close iron, for ordinarily no mixture should run below 11¢ silicon to get 
good castings. 

From 3% to 5% silicon, as occurs in silvery iron, will carry heavy amounts 
of scrap. Castings are liable to be brittle, however, if not handled carefully 
as regards proportion of scrap used. 

From 114% to 2g silicon is best adapted for machine work ; will give strong 
clean castings if not much scrap is used with it. 

Below 1% silicon seems suited for drills and castings that have to stand 
great variations in temperature. 

Silicon has the effect of making castings fluid, strong, and open-grained ; 
also sound, by its tendency to separate the graphite from the total carbon, 
and consequent slight expansion of the iron on cooling, causing it to fill out 
thoroughly. Phosphorus, when high, has a tendency to make iron fluid, 
retain its head longer, thereby helping to fill out all small spaces in casting. 
It makes iron brittle, however, when above 34% in castings. It is excellent 
when high to use in a mixture of low-phosphorus irons, up to 1144¢ giving 
good resuits, but, as said before, the casting should be below 34%. It has a 
strong tendency when above 1% in pig to make the iron less graphitic, pre- 
venting the separation of graphite. 

Sulphur in open iron seldom bothers the founder, as it is seldom present 
to any extent. The conditions causing open iron in the furnace cause low 
sulphur. A little manganese is an excellent antidote against sulphur in the 
furnace. Irons above 1% manganese seldom have any sulphur of any con- 
sequence. 

Graphite is the all-important factor in foundry irons ; unless this is present 
in sufficient amount in the casting, the latter will be liable to be poor. 
Graphite causes iron to slightly expand on cooling, makes it soft, tough and 
fluid. (The statement as to expansion on cooling is denied by W. J. Keep.) 

Relation of the Appearance of Fracture to the Chemical 
Composition.—S. H. Chauvenet says when run [from the blast-fur- 
nace] the lower bed is almost always close grain, but shows practically the 
same analysis as the large grain in the rest of the cast. If the iron runs 
rapidly, the lower bed may have as large grain as any in the cast. If the 
iron runs rapidly, for, say six beds and some obstruction in the tap-hole 
causes the seventh bed to fill up slowly and sluggishly, this bed may be 
close-grain, although the eizhth bed, if the obstruction is removed will be 
open-grain. Neither the graphitic carbon nor the silicon seems to have any 
influence on the fracture in these cases, since by analysis the graphite and 
silicon is the same in each. The question naturally arises whether it would 
not be better to be guided by the analysis than by the fracture. The frac- 
ture is a guide, but it is not an infallible guide. Should not the open- and 

the close-grain iron of the same cast be numbered under the same grade 
when they have the same analysis ? : 
Mr. Meissner had many analyses made for the comparison of fracture 


y 
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with analysis, and unless the condition of furnace, whether the iron ran 
t or slow, and from what part of pig bed the sample is taken, are known, 
the fracture is often very misleading. Take the following analyses: 


4. 4. ; 3. 3. 3. 
Sulphur 0. 0. 2 0. 0. 0.006 
-Graphitic car.. 3.010 2.757 2.680 2.243 3.070 3.100 
BO OnACAMnOnwl csc crc ean era ecs lamar ecectstee meee. 0.108 0.096 


A. Very close-grain iron, dark color, by fracture, gray forge. 

B. Open-grain, dark color, by fracture, No. 1. 

C. Very close-grain, by fracture, gray forge. 

D. Medium-grain, by fracture, No. 2, but much brighter and more open 
than A, C, or F. 

E. Very large, open-grain, dark color, by fracture, No. 1. 

F. Very close-grain, by fracture, gray forge. 

By comparing analyses A and B, or E and F, it appears that the close- 
grain iron is in each case the highest in graphitic carbon. Comparing A 
pe E, the graphite is about the same, but the close-grain is highest in 
silicon, 

Analyses of Foundry Irons. (C. A. Meissner.) 
Scotcy Irons. 


are Phos- |Manga-| Sul- |Graph-| Com. 
Name. Grade. |Silicon.| horus.| nese. phur. | ite. |Carbon. 
Summerlee 1 2.70 0.545 | 1.80 0.01 3.09 0.25 
$f 1 2.47 0.760 | 2.51 0.015 Z, 
< 1 3.44 1.000 | 1.70 0.015 
me 2 2.70 0.810 | 2.90 0.02 2.00 0.80 
Eglinton.. 1 2.15 0.618 | 2.80 0.025 | 3.76 0.21 
Coltness.. athe 1 2.59 0.840 | 1.70 0.010 | 3.75 3.75 
Carnbroe......... I 1.70 1.100} 1.83 0.008 | 3.50 0.40 
Glengarnock ... . 1 3.03 1.200 | 2.85 
Glengarnock said 
to carry 34 scrap 2 4.00 0.900 | 3.41 0.010 | 1.7 0.90 
AMERICAN ScotcH Irons. 
. 
| No. A Phos- No. 
Sample Silicon. phorus. Manganese} Sulphur. Grade 
1 6.00 0.430 1.00 
2 1.67 1.920 1.90 
3 2.40 1.000 1.70 
4 1.28 0.690 1.40 
5a 3.50 0.613 2.51 
5b 2.90 0.733 1.40 
6a 3.44 1.000 1.7 0.015 1 
6b 3.35 1.300 1.50 0.012 1 
Ne 3.68 0.503 CA ian MSE 1 


_ DEscrIpTion oF SamMpies.—No. 1. Well known Ohio Scotch iron, almost 
silvery, but carries two-thirds scrap ; made from part black-band ore. Very 
successful brand. The high silicon gives it its serap-carrying capacity. 
No. 2. Brier Hill Scotch castings, made at scale works ; castings demand- 
_ ing more fluidity than strength. 
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No. 3. Formerly a famous Ohio Scotch brand, not now in the market 
Made mainly from black-band ore. 

No, 4. A good Ohio Scotch, very soft and fluid; made from black-band 
ore-mixture. 

Nos. 5a and 5b. Brier Hill Scotch iron and casting; made for stove pur- 
pores: 350 lbs. of iron used to 150 Ibs. serap gave very soft fluid iron; worked 
well. 

No. 6a. Shows comparison between Summerlee (Scotch) (6a) and Brier Hill 
Scotch (6b). Drillings came from a Cleveland foundry, which found both 
irons closely alike in physical and working quality. : 

No. 7. One of the best southern brands, very hard to compete with, owing 
to its general qualities and great regularity of grade and general working, 


MacHineE Irons. : 
Sample} a): Phos- | Manga- : Comb. | Grade 

No. Silicon, phorus. | nese. | SWphur./Graphite.| Gabon. | Wo. 
8 2.80 0.492 

9 1.30 0.262 

10a 2.66 0.77% 
10b 3.63 0.411 
11 2.10 0.415 
12 1.37 0.294 
13 3.10 0.124 
14 2.12 0.610 
15 1.70 0.632 
16a 1.45 0.470 
16b 1.40 0.316 
17 3.26 0.426 
18 0.80 0.164 


Description or SAMPLES.—No. 8. A famous Southern brand noted for fine 
machine castings. 

No. 9, Also a Southern brand, a very good machine iron. 

Nos. 10a and 10b. Formerly one of the best known Ohio brands, Does not 
shrink; is very fluid and strong. Foundries having used this have reported 
very favorably on it. 

No. 11. Iron from Brier Hill Co., made to imitate No. 3 ; was stronger 
than No, 3; did not pull castings; was fluid and soft. 

No. 12. Copy of a very strong English machine iron. 

No, 13. A Pennsylvania iron, very tough and soft. This is partially Besse- 
mer iron, which accounts for strength, while high silicon makes it soft. 

No. 14, Castings made from Brier Hill Co.’s machine brand for scale works, 
very satisfactory, strong, soft and fluid. 

No. 15. Castings made from Brier Hill Co.’s one half machine brand, one 
half Scotch brand, for scale works, castings desired to be of fair strength, 
but very fluid and soft. 

No. 16a. Brier Hill machine brand made to compete with No. 3. 

No. 16b. Castings (clothes-hooks) from same, said to have worked badly, 
castings being white and irregular. Analysis proved that some other iron 
too high in manganese had been used, and probabiv not weil mixed, 

No. 17. A Pennsylvania iron, no shrinkage, excellent machine iron, soft 
and strong. 

No. 18. A very good quality Northern charcoal iron. 


“Standard Grades” of the Brier Hill Iron and Coal 


Company, 

Brier Hill Scotch Tron.—Standard Analysis, Grade Nos. 1 and 2. 
Silicon ac jenkisah ee kuiocen tener: Saeeimr arene +++. 2,00 to 3.00 
Phosphorus . 0.50 to 0.75 
Manganese sii rs cae eee sues Sian Neg te - 2.00 to 2.50 


Used successfully for scales, mowing-machines, agricultural implements, 
merely hardware, sounding-boards, stoves, and heavy work requiring no 
special strength. 
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Brier Hill Silvery Iron.—Standard Analysis, Grade No, 1. 


SUICOM . 5. conc eespdvonectaasbuevtrsewsunereenstla. sr 3.50 to 5.50 
PHOSPHOTUS..... ce ceeccescrscccececssessennse cece 1.00 to 1.50 
Manganese ......csaccssceeses.a Siperntseneaciogicrey . 2.00 to 2.25 


Used successfully for hollow-ware, car-wheels, etc., stoves, bumpers, and 


‘similar work, with heavy amounts of scrap in all cases. Should be mainly 


‘used where fluidity and no great strength is required, especially for heavy 
‘work. When used with scrap or close pig low in phosphorus, castings of 
considerable strength and great fluidity can be made 
Fairly Heavy Muchine Iron.—Standard Analysis, Grade No. 1. 
SHICON cot wae sae ete ene ceeka sao meslies pattoas te 1.75 to 2.50 
Phosphorus 
Manganese........-c-- cect cess nen tnne cee cer ceanee 


The best iron for machinery, wagon-boxes, agricultural implements, 
pump-works, hardware specialties, lathes, stoves, etc., where no large 
amounts of scrap are to be carried, and where strength, combined with 

reat fluidity and softness, are desired, Should not have much scrap with 


Regular Machine Iron.—Standard Analysis, Grade Nos. 1 and 2. 


BU COM edie cise ocirce cap mattis vans cagiteinaiysn=ieaina vies 1.50 to 2.00 
Phosphorus... as & 
Manganese@........-0.c0c20+ 2 eter e re eeeceesccenne 


Used for hardware, lawn-mowers, mower and reaper works, oil-well 
machinery, drills, fine machinery, stoves, ete. Excellent for al) small fine 
castings requiring fair fluidity, softness, and mainly strength. Cannot be 
well used alone for large castings, but gives good results on same when used 
with above-mentioned heavy machine grade; also when used with the 
Scotch in right proportion. Will carry but little scrap, and should be used 
alone for good strong castings. 


For Axles and Materials Requiring Great Strength, Grade No. 2. 


BUCO, scinise siete SE ae eRe en eur origuroaet 1.50 
5 Phosphorus . .... 0.200 and less, 
Manganese. .......:.sssccececcenvesverecerecses 0.80 


This gave excellent results. 


A good neutral iron for guns, ete., will run about as follows: 
GSiICOM. occ secs cnc cecccdsccesaccscuccecvesecsssrevccscenes alg 
PHOSPHOLUS. .... 02-6 ee cee cecee cece sens ereceeseeesenenes 0.25 
Sulphur... 
Manganese. . is Sietal Sisiali cake ooiWiainlabe «are ont none, 


It should be open No. 1 iron. 

This gives a very tough, elastic metal. More sulphur would make tough 
but decrease elasticity. 

For fine castings demanding elegance of design but no strength, phos- 
phorus to 3.00% is good. Canvalso stand 1.50% to 2.00% manganese. For work 
of a hard, abrasive character manganese can run 2.00% in casting. 


Analyses of Castings. 


pane Silicon. cee. Manganese| Sulphur. | Graphite. eee 
31 2.50 1.400 2.20 
32 0.85 0.351 0.92 
33 1.53 0.327 1.08 
34a 1.84 0.577 1.04 
34d 2.20 0.742 1.10 
34c 2.50 1.208 1.16 
35a 2,80 0.418 0.54 
350 3.10 1.280 1.14 
85c 3,30 0.879 0,80 
35d 2.88 0.408 1.10 
35e 4.50 0.660 0.78 
36 3.43 1.489 0.90 
Sia | 2.68 0.900 1.30 
376 1.90 0.980 1.20 
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No, 31. Sewing-machine casting, said to be very fluid and good casting. 
This is an odd analysis. I should say it would have been too hard and brit- 
tle, yet no complaint was made, 

No. 32. Very good machine casting, strong, soft, no shrinkage. 

No, 33. Drillings from an annealer-box that stood the heat very well. 

No. 84a. Drillings from door-hinge, very strong and soft. 

No. 346. Drillings from clothes-hooks, tough and soft, stood severe ham- 
mering. 

No. Sac. Drillings from window-blind hinge, broke off suddenly at light 
strain, Too high phosphorus. 

No. 35a. Casting for heavy ladle support, very strong. 

: Nos. 356 and 35¢, Broke after short usage. Phosphorus too high, Car- 
umpers. 

Noe 35d. Elbow for steam heater, very tough and strong. 

No. 36, Cog-wheels, very good, shows absolutely no shrinkage, 

No, 37, Heater top network, requiring fluidity but no strength. 

No. 37a. Gray part of above. - 

No. 876. White, honeycombed part of above. Probably bad mixing and 
got chilled suddenly. 


STRENGTH OF CAST IRON. 
Rankine gives the following figures: 


Various qualities, T. S...... 13,400 to 29,000, average 16,500 
Compressive strength...... 82,000 to _ 145,000, Ms 112,000 
Jodulus of elasticity....... 14,000,000 to 22,900,000, ” 17,000,000 


ce Gravity and Strength. (Major Wade, 1856.) 

T a priere guns: Sp. Gr. 7.087, T. S, 20,148, Another lot: least Sp. Gr. 7.168, 
T. S. 22,402. 

Second-class guns: Sp, Gr. 7.154, T. S. 24,767. Another lot : mean Sp. Gr. 
7.302, T. S. 27,232. 

First-class guns: Sp. Gr. 7.204, T. S. 28,805. Another lot: greatest Sp. Gr, 
7.402, T. S. 31,027. 

Strength of Charcoal Pig iron.—Pig iron made from Salisbury 
ores, in furnaces at Wassaic and Millerton, N. Y., has shown over 40,000 Ibs. 
T. S. per square inch, one sample giving 42,281 lbs. Muirkirk, Md., iron 
teaton. at the Washington Navy Yard showed: average for No. 2 iron, 21,601 
lbs.; No. 8, 23,959 lbs.; No. 4, 41,829 lbs.; average density of No. 4, 7.336 (J.C. 
I. W., v. p. 44.) 
. Nos, 8 and 4 charcoal pig iron from Chapinville, Conn., showed a tensile 

strength per square inch of from 34,761 lbs. to 41,882 lbs. Charcoal pig iron 
from (Shelby, Ala. (tests made in August, 1891), showed a strength of 
34,800 Ibs. for No. 3; No. 4, 39,675 lbs.; No, 5, 46,450 lbs.; and a mexture of 
equal parts of Nos. 2, 3, 4, and 5, 41,470 lbs. (Bull. I. & S.A.) 

Variation of Density and Tenacity of Gun-irons.—An in- 
crease of density invariably follows the rapid cooling of cast iron, and as a 
general rule the tenacity is increased by the same means. The tenacity 
generally increases quite uniformly with the density, until the Jatter ascends 
to some given point; after which an increased density is accompanied by a 
diminished tenacity. 

The turning-point of density at which the best qualities of gun-iron attain 
their maximum tenacity appears to be about 7.80. At this point of density, 
or near it, whether in proof-bars or gun-heads, the tenacity is greatest. 

As the density of iron is increased its liquidity when melted is diminished, 


This causes it to congeal quickly, and to form cavities in the interior of the - 


casting. (Pamphlet of Builders’ Iron Foundry, 1893.) ; 

Specifications for Cast Iron for the World’s Fair Build- 
ings, 1892.—lxcept where chilled iron is specified, all castings shall be 
of tough gray iron, free from injurious cold-shuts or blow-holes, true to 
pattern, and of a workmanlike finish, Sample pieces 1 in. square, cast from 
the same heat of metal in sand moulds, shall be capable of sustaining on a 
ciear span of 4 feet 6 inches a central load of 500 Ibs. when tested in the 
rougn par. 

Specifications for Tests of Cast Iron in 12” B. L. Mortars, 
(Pamphlet of Builders Iron Foundry, 1893.)—Charcoal Gun hon.—The tensile 
strength of the metal must average at each end at least 30,000 lbs. per 
square inch ;-no specimen to be over 87,000 lbs. Res square inch ; but one 
specimen from each end may be as low as 28,000 Ibs. per square inch. The 
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long extension specimens will not be considered in making up these aver- 
ages, but must show a good elongation and an ultimate strength, for each 
specimen, of not less than 24,000 Ibs. The density of the metal must be such 
as to indicate that the metal has been sufficiently refined, but not carried se 
high as t » impair the other qualities. 

Specifications for Grading Pig Iron for Car Wheels by 
Chill Tests made at the Furnace, (Penna. R. R. Specifications, 

/1853.)—The chill cup’'is to be filled, even full, at about the middle of every 
cast from the furnace. The test-piece so made will be 744 inches long, 3144 
inches wide, and 134 inches thick, and is to be broken across the centre when 
entirely cold, The depth of chill will be shown on the bottom of the test- 
piece, and is to be measured by the clean white portion to the point where’ 
gray specks begin to show in the white. The grades are to be by eighths of 
an inch, viz., 14, 14, 34, 14, 54, 34, %, etc., until the iron is mottled ; the lowest 
grade being 4 of an inch in depth of chill. The pigs of each cast are to be 
marked with the depth of chill shown by its test-piece, and each grade is to 
be kept by itself at the furnace and in forwarding. - : 

Mixture of Cast Iron with Steel.—Car wheels are sometimes 
made from a mixture of charcoal iron, anthracite iron, and Bessemer 
steel. The following shows the tensile strength of a number of tests of 
wheel mixtures, the average tensile strength of the charcoal iron used being 


22,000 lbs.: 
Ibs. per sq. in. 
Charcoal iron with 246% steel..... 6. .cececcccreccceec: covscees 22,467 

a eae: . 26,733 


vie Ge ** 614% steel and 614% anthracite ............. 24,400 
i e “ 4% steel and 716% anthracite .. .... eee ee 28,150 
te “216% steel, 214% wro'’t iron, and 614% anth... 25,550 
ae ae ‘“* 5 % steel, 5% wro’t iron, and 10% anth..... 26,500 


Cast Iron Partially Bessemerized.—Car wheels made of par- 
tially Bessemerized iron (blown in a Bessemer converter for 344 minutes), 
chilled in a chill test mould over an inch deep, just as atest of cold blast 
,charcoal iron for car wheels would chill. Car wheels made of this blown 
iron have run 250,000 miles. (Jour.0. I. W., vi. p. 77.) 

Bad Cast Iron.—On October 15, 1891, the cast-iron fly-wheel of a large 

air of Corliss engines belonging to the Amoskeag Mfg. Co., of Manchester, 
y H., exploded from centrifugal foree. The fly-wheel was 30 feet diam- 
eter and 110 inches face, with one set of 12 arms, and weighed 116,000 lbs. 
After the accident, the rim castings, as well as the ends of the arms, were 
found to be full of flaws, caused chiefly by the drawing and shrinking of the 
metal. Specimens of the metal were tested for tensile strength, and varied, 
from 15,000 lbs. per square inch in sound pieces to 1000 lbs. in spongy ones. 
None of these flaws showed on the surface, and a rigid examination of the 
parts before they were erected failed to give any cause to suspect their true 
nature. Experiments weré carried on for some time after the accident in 
the Amoskeag Company’s foundry in attempting to duplicate the flaws, but 
with no success in approaching the badness of these castings, 
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Malleableized east iron, or malleable iron castings, are castings made 
of ordinary cast iron which have been subjected to a process of decarboni- 
zation, which results in the production of a crude wrought iron. Handles, 
jatehes, and other similar articles, cheap harness mountings, plowshares, 
iron handles for tools, wheels, and pinions, and many small parts of, ma- 
chinery, are made of malleable cast iron. For such pieces charcoal cast iron. 
of the best quality (or other iron of similar chemical composition), should 
be selected, Coke irons low in silicon and sulphur have been used in place 
of charcoal irons. The castings are made in the usual way, and are then 
imbedded in oxide of iren, in the form, usually, of hematite ore, or in per- 
oxide of manganese, and exposed to a full red-heat for a sufficient length of 
time, to insure the nearly complete removal of the carbon. This decarboniza- 
tion is conducted in cast-iron boxes, in which the articles, if small, are 
packed in alternate layers with the decarbonizing material. The largest 
pieces require the longest time, The fire is quickly raised to the maximum 
temperature, but at the close of the process the furnace is cooled very 
slowly. ‘The operation requires from three to five days with ordinary small 
castings, and may take two weeks for large pieces, 
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Rules for Use of Malleable Castings, by Committee of Master 
Carbuilders’ Ass’n, 1890, - 

1. Never run abruptly from a heavy to a light section. 

2. As the strength of malleable cast iron lies in the skin, expose as much 
surface as possible. A star-shaped section is the strongest possible from 
_ which a casting can be made. For brackets use a number of thin ribs instead 

of one thick one... - 

8. Avoid all round sections; practice has demonstrated this to be the 
weakest form, Avoid sharp angles. 

4. Shrinkage generally in castings will be 3/16 in. per foot. 

Strength of Malleable Cast Kron,—Experiments on the strength 
of malleable cast iron, made in 1891 by a committee of the Master Car- 
builders’ Association. The strength of this metal varies with the thickness, 
as the following results on specimens from }4 in. to 144 in. in thickness show: 


Dimensions. Tensile Strength. Elongation. Elastic Limit. 
in. in, lb, per sq. in. percent ind in. Ib, per sq. in. 
1.52by .25 34,700 2 21, 

1.02 55-389. 33,700 2 15,260 

LOB 0S)" 35 32,800 2 17,000 

1.53 “* 164 32,100 2 19,400 

A aN ic) 25,100 1 15,400 

1.54 ** —.88 33,600 1 19,300 

1.06: ** -1.02 80,600 1 17,600 
nce Bes} 27,400 1 

1.52 ‘* 1.54 28,200 1% 


The low ductility of the metal is worthy of notice. The committee gives 
the following table of the comparative tensile resistance and ductility of 
malleable cast iron, as compared with other materials: 


r Comparative 
Ultimate |Comparative | piongation | Ductility; 
Strength, neg te Per Cent Malleable 
Ib. per sq. in i in 4 in. Cast Iron 
Cast iron ........ ve seepavoone® ca an 0.35 0.1% 
Malleable cast iron, 32,000 1.6 2.00 1 
Wrought iron..... 000 | 2.5 20.00 10 
Steel castings ..... 60,000 3 10.00 5 


Another series of tests, reported to the Association in 1892, gave the 
following: 


Thick- Width. | Area, Elastic Ultimate Elongation 


ness. Limit. * Strength. in 8 in. 

in, in, 8q. in. Ib. per'sq. lb. per sq. in.| percent. 
271 2.81 o 615 3.58 32,620 F 1.5 
3 2.78 8145 22,650 28,160 6 
39 2.82 1.698 20,595 32,060 1.5 
41 2.79 1.144 20,230 28,850 1.0 
529 2.76 1.46 19,520 27,875 1.1 
661 2.81 1.857 18,840 25,700 yd 
8 2.76 2.203 18,390 25,120 11 
1.025 2.82 2.890 18,220 28,720 1.5 
1.117 2.81 8.138 17,050 25,510 1.3 
1.021 2.82 2.879 18,410 26,950 1.3 
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Influence of Chemical Composition on the Properties 
of Wrought Iron. (Beardslee on Wrought Iron and Chain Cables, 
Abridgement by W. Kent. Wiley & Sons, 1879.)}—A series of 2000 tests of 
specimens from 14 brands of wrought iron, most of them of high repute, 
was made in 1877 by Capt. L. A. Beardslee, U.S.N., of the United States 

_ Testing Board. Forty-two chemical analyses were made‘ of these irons, 
‘with a view to determine what influence the chemical composition ha 
upon the strength, ductility, and welding power. From the report of these 
tests by A. L. Holley the following figures are taken : 


A Chemical Composition. 

Ro) hes SANA ic SRA I I ER PET ns NEL SE no ENOL HL 

Brand. | Tensile ; 
Strength. Ss. ite Si. Cc; Mn. Slag. 


0.065 | 0.080 | 0.212] 0.005] 0.192 

L 66,598 | trace {9 084 | 0.105 | 0.512 | 0.029| 0.452 
3 v4,gea | {9.009 | 9-260 | 0.182 | 0.098 | 0.083 | 0.848 
, 0.001 | 0.095 | 0.028 | 0.066 | 0.009 | 1.214 

B 52,764 | 0,008 | 0.231 | 0.156 | 0.015] 0.017 |........ 
= sia | 40.008 | 0.140 | 0.182 | 0.027 | trace | 0.678 
, 0,005 | 0.291 | 0.321 | 0.051] 0.053 | 1.724 

é 51.134 | $0008 | 0.067 | 0.065 | 0.045] 0.007 | 1.168 
, 0.005 | 0.078 | 0.073 | 0:042| 0.005 | 0.974 

C 50,765 | 0.007 | 0.169 | 0.154 | 0.042) ovo2t |........ 


Where two analyses are given they are the extremes of two or more ana- 
lyses of the brand. Where one is given it is the only analysis. Brand L 
should be classed as a puddled steel. 


ORDER OF QUALITIES GRADED FROM No, 1 To No. 19. 


i : “ 
Brand. een Lae yeear Elongation. Welding Power. — 
L 1 18 19 most imperfect. 
6 3 badly. 
B 12 16 15 best. 
J 16 19 18 rather badly. 
re) 18 1 4 very good, 
Cc 19 . 12. 16 — 


The reduction of area varied from 54.2 to 25.9 per cent, and the elonga- 
tion from 29.9 to 8.3 per cent. , 

Brand O, the purest iron of the series, ranked No. 18 in tensile strength, 
but was one of the most ductile; brand B, {quite impure, was below the 
average both in strength and ductility, but was the best in welding power; 
P, also quite impure, was one of the best in every respect except welding, 
while L, the highest in strength, was not the most pure, it had the least , 
ductility, and its welding power was most imperfect. The evidence of the 
influence of chemical composition Ni quality, therefore, is quite contra- 
dictory and confusing. The irons differing remarkably in their mechanical 
properties, it was found that a much more marked influence upon their 
qualities was caused by different treatment in rolling than by differences in 
composition. 

In regard to slag Mr. Holley says: “It teas that the smallest and: 
most worked iron often has the most slag. It is hence reasonable to con: 
elude that an iron may be dirty and yet thoroughly condensed.”” 

In his summary of “ What is learned from chemical analysis,” he says: 
“So far, it may appear that little of use to the makers or users of wrought 
fron has been learned. . ,. . The character of steel can be surely pred- 
icated on the analyses of the materials; that of wrought iron is altered by 
subtle and unobserved causes.” 

Influence of Reduction in Rolling from Pile to Bar on 
the Strength of Wrought Iron.—tThe tensile strength of the irons 
used in Beardslee’s tests ranged from 46,000 to 62,700 Ibs. per sq. in., brand 
L, which was really a steel, not being considered. Some specimens of L 
gave figures as high as 70,000 lbs. The amount of reduction of sectional 
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area in rolling the bars has a notable influence on the strength and elastie 
limit; the greater the reduction from pile to bar the higher the strength. 
The following are a few figures from tests of one of the brands: 


Size of bar, in. diam, 4 3 2 1 ¥%. y 
Area of pile, sq. in.: 80 80 72 25 9 3 
Bar per cent of pile: 15.7 8.83 4.36 3.14 2.17 1.6 
Tensile strength, lb.: 46,322 47,761 48,280 51,128 52,275 59,585 
Elastic limit, 1b.: 23,430 26,400 81,892 36,467 39,126 oo 


Specifications for Wrought Iron (f. H. Lewis, Engineers’ Club 
of Philadelphia, pea he All wrought iron must be tough, ductile, fibrous, 
and of uniform quality for each class, straight, smooth, free from cinder- 
pockets, flaws, buckles, blisters, and injurious cracks along the edges, and 
mnust have a workmanlike finish. No specific process or provision of 
manufacture will be demanded, provided the material fulfils the require- 
ments of these specifications, 

2. The tensile strength, limit of elasticity, and ductility shall be deter- 
mined from a standard test-piece not less than 4 inch thick, cut from the 
full-sized bar, and planed or turned parallel. The area of cross-section shall 
not be less than 14square inch. The elongation shall be measured after 
breaking on an original length of 8 inches: 

3. The tests shall show not less than the following results: 

For bar iron in tension...... T.8. = 50,000; E. L. = 26,000; E. L. in 8in., 18¢ 
For shape iron intension:.. “ = 48,000; ‘* = 26,000; Cy 15% 
For plates under 36in. wide “ = 48,000; ‘ = 26,000; is 12% 
For plates over 86in. wide, “ = 46,000; ‘* = 25,000; ys 10% 


4. When full-sized tension members are tested to prove the strength of 
their connections, a reduction in their ultimate strength of (500 X width of 
bar) pounds per square inch will be allowed. 

5. All iron shall bend, cold, 180 degrees around a curve whose diameter 
is twice the thickness of piece for bar iron, and three times the thickness 
for plates and shapes, 

6. Iron which is to be worked hot in the manufacture must be capable 
of bending sharply to a right angle at a working heat without sign of 
fracture. 

7. Specimens of tensile iron upon being nicked on one side and bent shall 
show a fracture nearly all fibrous, i 

8. All rivet iron must be tough and soft, and be capable of bending cold 
until the sides are in close contact without sign of fracture on the convex 
side of the curve, p 

Penna. R. R. Co.’s Specifications for Merchant-bar Iron 


(1902).—One bar will be selected for test from each 100 bars ina pile. 
All the iron of one size in the shipment will be rejected if the average ten- 
sile strength of the specimens representing it falls below 47,000 lbs. or ex- 
Lead 53,000 Ibs. persq. in., or if any single specimens show less than 45,000 

S, per sq. in. 

In the case of flat bars which have to be reduced in width for test an allow- 
ance of 1,000 Ibs. per sq. in. will be made, making the rejection limit 46,000 Ibs. 
per sq. in. All the iron of one size in the Seuaeet will be rejected if the 
average elongation in 8 ins. falls below the fol owing limits : Rounds, 14 in. 
on over, 20% ; less than }4 in., 16%. Flats pulled as rolled, 20%; flats reduced, 


Nicking and Bending Tests —When necessary to make nicking and bend- 
ing tests the iron will be held firmly in a vise, nicked lightly on one side and 
then broken by a succession of light blows on the nicked side. It must 
when thus broken show a generally fibrous structure, not more than 25% 
crystalline, and must he free from admixture of steel. 

Stay-bolt Iron, (Penna. R. R. Co.'s specifications, 1900.)—Sample bars must 
show a tensile strength of not less than 48,000 lbs. per sq. in. and an elonga- 
tion of not less than 25% in 8 ins. One piece from each lot will be threaded in 
dies with a sharp V thread, 12 to 1 in. and firmly screwed through two 
holders having a clear space between them of 6 ins. Onc holder will be 
rigidly secured to ths bed of a suitable machine and the other vibrated at 
right angles to the axis over a space of ¥ in. or 4g in. each side of the centre 
line. Aceeptable iron should stand 2,200 double vibrations before breakage. 


ab 
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Specifications for Wrought Iron for the World’s Fair 
Buildings, (Eng’g News, March 26, 1892.)—All iron to be used in the 
teusile 1iembers of open trusses, laterals, pins and bolts, except plate iron 
over 8 inches wide, and shaped iron, must show by the standard test-pieces 
a tensile strength in lbs, per square inch of ; 7 

52,000 — 7,000 X area of original bar in sq.in. 


: . rr ry ’ 
circumference of original bar in inches 


. with an elastic limit not less than half the strength given by this formula, 


and an elongation of 20¢ in 8 in. 3 
Plate iron 24 inches wide and under, and more than 8 inches wide, must 


All shaped iron, flanges of beams and channels, and other iron not herein- 
before specified, must show by the standard test-pieces a tensile strength in 
Ibs, per square inch of : 


50,000 — 7,000 X area of original bar 


cireuinference of original bar’ 


with an elastic limit of not less than half the strength given by this formula, 
and an elongation of 15% for bars 56 inch and less in thickness, and of 12¢ for 
bars of greater thickness. For webs of beams and channels, specifications 
for paces will apply. 

All rivet iron must be tough and soft, and Bags: of the full diameter of 
the rivet must be capable of bending cold, until the sides are in close contact, 
without sign of fracture on the convex side of the curve. 

Stay-bolt Tron,—Mr. Vauclain, of the Baldwin Locomotive Works, 
at a meeting of the American Railway Master Mechanics’ Association, in 
1892, says: Many advocate the softest iron in the market as the best for 
Stay-bolts. He believed in an iron as hard as was consistent with heading 
the bolt nicely. The higher the tensile strength of the iron, the more vibra. 
tions it will stand, for it is not so easily strained beyond the yield-point. 
The Baldwin specifications for Stay-bolt iron call for a tensile strength of 
50,000 to 52,000 Ibs. per square inch, the upper figure being preferred, and 
the lower being insisted upon as the minimum. 


FORMULZ FOR UNIT STRAINS FOR IBON AND 
STEEL IN STRUCTURES, 
(fH Gewis! Boginesrs™ Wiad of Philadelphia, 1891.) 

The following formule for unit strains per square inch of net sectional 
area shall be used in determin ing the allowable working stress in each mem- 
ber of the structure. (For definitions of soft and medium steel see Specifi- 
cations for Steel.) ‘ 


Tension Members. 


Wrought Iron, Soft Steel. Medium Steel, 
Floor-beam hangers or 

suspenders, forged! 

bars .. . ........ ..|Will not be used|Will not be used 7000 
Counter-ties........ ; 6000 Sass Ae 7000 
Suspenders, hangers 

and counters, riveted 

members, net sec- 

ROR CrS Sha ae 5000 5500 7000 
Solid rolled beams..... 8000 8000 Will not be used 
Riveted truss members 

a ae flanges on oe 

of girders, net sec- = min. greater than min. 

Sans eh es ectese 7001 4 mun. iron poo ee) 
Forged eyebars....... | Will not be used|Will not be used gooo(1 4. min 
Lateral or cross sec-| For eyeders) 


tion rotis: .7,.... eese 15,000 16,000 only, 17,000 
SS ee ee 2 UNE 
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Shearing. 
Wrought Iron. Soft Steel. Medium Steel. 
On pinsand shoprivets 6000 6600 7200 
On field rivets......... 4800 5200 Will not be used 
In webs of girders.....|Will not be used 5000 6000 
Bearing. 
Wrought Iron. Soft Steel. Medium Steel. 
On projected semi- 
intrados of main-pin 
holes ..:..... Srentehion 12,000 13,200 14,500 
On projected semi-in- 
trados of rivet-holes* 12,000 13,200 14,500 
On lateral pins.... .. 15,000 16,500 18,000 
Of bed-plates on ma- 
sonry... .......... .|250lbs. per sq. in. 


* Excepting that in pin-connected members taking alternate stresses, the 
bearing stress must not exceed 9000 lbs. for iron or steel. 
1 Bending. 
On extreme fibres of pins when centres of bearings are considered as 
points of application of strains: 
Wrought Iron, 15,000, Soft Steel, 16.000, Medium Steel, 17,000. 
: Compression Wiembers, 


Wrought Iron. Soft Steel.| Medium 


Steel. 
Chord sections : 2 1) 
min. 
Wine ends. f.! is ibe eteee 7000 (4+ MAE) — ” 
ri min. 
One flat and one pin end..|7000 € oe wn) — 35 zs 
Chords with pin ends and), min. U 
all end-posts ...-.... » + 7000 (1 ey ao 1048 20% 
min. greater greater 
EROS TUS Weise 7000 (1+ — 35 — than than 
All trestle posts..... ( faz) - aa nee 
Intermediate posts......-. 7500 — 40 r 


Lateral struts, and com- 
pression in collision 
struts, stiff suspenders 1 | 
and stiff chords. .....--. 10,500 — 50 a j 


In which formule 7 = length of compression member in inches, and r= 
least radius of gyration of member in inches. No compression member 


shall have a length exceeding 45 times its least width, and no post should be | 


used in which 1-7 exceeds 125. 
embers Subject to Alternate Tension and Compression. 


( Medium 
Wrought Iron. , | Soft Steel. Steel: 


For compression only...| Use the formule above 


a max. lesser 8% greater |20% greater 
Yor the greatest stress. .|7000( 1 — Bmax eienter ) than iron| than iron 


Use the formula giving the greatest area of section. 
The compression flanges of beams and plate girders shall have the same 
cross-section as the tension flanges. ul 


4 
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W. H. Burr, discussing the formule proposed by Mr, Lewis, says: ‘ Taking 
the results of experiments as a whole, I am constrained to believe that they 
indicate at least 15Z increase of resistance for soft-steel columns over those 
of wrought iron, with from 20¢ to 254 for medium steel, rather than 10% and 
20% respectively. 

“The high capacity of soft steel for enduring torture fits it eminently for 
alternate and combined stresses, and for that reason I would give it 15% 
increase over iron, with about 22¢ for medium steel. 

“Shearing tests on steel seem to show that 15% and 22% increases, for the 
two grades respectively, are amply justified. 

**T should not hesitate to assign 15% and 22% increases over values for iron 
for bearing and bending of soft and medium steel as being within the safe 
limits of experience. Provision should also be made for increasing pin- 
ghearing, bending and bearing stresses for increasing ratios of fixed to moy- 
ing loads 
_ Maximum Permissible Stresses in Structural Materials 
used in Buildings, (Building Ordinances of the City of Chicago, 1893.) 
Cast iron, crushing stress: For plates, 15,000 lbs. per square inch; for lintels, 
brackets, or corbels, compression 13,500 Ibs. per square inch, and tension 
3000 lbs. per square inch, For girders, beams, corbels, brackets, and trusses, 
16,000 Ibs. per square inch for steel and 12,000 lbs. for iron. 

For plate girders : 


Waresared = maximum bending moment in ft.-lbs, 


CD, 
D = distance between centre of gravity of flanges in feet. 


Gs { 13,500 for steel. 
~~ {10,000 for iron. 


maximum shear 10,000 for steel, 
Web area = SAAN Gy Ghee c={ 6,000 for iron. 
For rivets in single shear per square inch of rivet area: 
ee Tron. 
Jf-shop-Griven... castes oo SO erst Ae 9000 Ibs. 7500 Ibs, 
Ff flaldidrivenys codes oe Se GOR ae 7500 ‘* 6000 * 


‘For timber girders: “ 
b = breadth of beam in inches, 
d= depth of beam in inches, 


ebd? = length of beam in feet. 
S= aii ad 160 for long-leaf yellow pine, 
¢= + 120 for oak, 
100 for white or Norway pine. 


Proportioning of Materials in the Memphis Bridge (Geo. 
S. Morison, Trans. A. S. C. £., 1893).—The entire superstructure of the Mem- 
phis bridge is of steel and it was all worked as steel, the rivet-holes being 
drilled in all principal members and punched and reamed in the lighter 
members. 

The tension members were proportioned on the basis of allowing the dead 
load to produce a strain of 20,000 lbs. per square inch, and the live load a 
Strain of 10,000 Ibs. per square inch. In the case of the central span, where 
the dead load was twice the live load, this corresponded to 15,000 lbs. total 

‘surain per square inch, this being the greatest tensile Strain, 

The compression members were proportioned on a somewhat arbitrary 
‘basis. No distinction was made between live and dead loads. A maximum 
‘strain of 14,000 lbs. per square inch was allowed on the chords and other 
‘large compression members where the length did not exceed 16 times the 
east transverse dimension, this strain being reduced 50 lbs. for each addi- 
‘ional unit of length. In long compression members the maximum length 
was limited to 30 times the least transverse dimension, and the strains 
‘limited to 6,000 Ibs. per Square inch, this amount being increased by 200 lbs, 
‘for each unit by which the length is decreased. 

_, Wherever reversals of strains occur the member was proportioned to re- 
‘sist the sum of compression and tension on whichever basis (tension or 
‘compression) there would be the greatest strain per square inch; and, in 
‘addition, the net section was proportioned to resist the maximum tension, 
"and the gross section to resist the maximum compression. - 

The fioor beams and girders were calculated on the strain being limited to 
410,000 lbs, per square inch in extreme fibres, Rivet-holes in cover-plates and 

“flanges were deducted. i 
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The rivets of steel in drilled or reamed holes were proportioned on the 
basis of a bearing strain of 15,000 Ibs. per square inch and a shearing strain 
of 7800 lbs, per square inch, and aoe pains were taken to get the double 
shear in as many rivets as possible. This was the requirement for shop 
rivets. In the case of field rivets, the number was increased one-half. 

The pins were proportioned on the basis of a bearing strain of 18,000 Ibs. 
per square inch and a bending strain of 20,000 lbs. per square inch in ex- 
treme fibre, the diameters of the pins being never made more than one inch 
less than the width of the largest eye-bar attaching to them. 5 

The weight on the rollers of the expansion joint on Pier IT is 40.000 Ibs, 

er linear foot of roller, or 3,333 Ibs. per linear inch, the rollers being 15 ins. 
in diameter. 

As the sectionsof the superstructure were unusually heavy, and thestrains 
from dead ioad greatly in excess of those from moving load, it was thought 
best to use a slightly higher steel than is now generally used for lighter 
structures, and to work this steel without punching, all holes being drilled. 
A somewhat softer steel was uscd in the floor-system and other lighter 

arts. 

PiThe principal requirements which were to be obtained as the results of 
tests ou samples cut from finished inaterial were as follows: 


me 


Max Min. A - 

pres Hs . . | Min. per- | Min. Per- 
Ultimate | Ultimate |Min, Elastic S 
Strength,| Strength, | Limit, lbs, centage of |centage of 


; Elongation | Reduction 
Ibs. per Ibs. per | per sq, in, |; : i ndniee 
sq, inch,| sq. inch. in 8 inches. jat Fracture 


High-grade steel.| 78,500 69,000 40,000 -18 88 
Eye-bar steel....| 75,000 66,000 38,000 20 40 
Medium steel....| 72,500 64,000 37,000 22 44 
Soft steel........| 68,000 55,000 80,000 28 50 


TENACITY OF METALS AT VARIOUS i 
TEMPERATURES, 


The British Admiralty made a series of experiments to ascertain what loss 
of strength and ductility takes place in gun-metal compositions when raised 
to high temperatures, It was found that all the varieties of gun-metal 
suffer a gradual but not serious loss of strength and ductility up to a certain 
temperature, af which, within a few degrees, a great change takes place, 
the strength falls to about one half the original, and the ductility is wholly 
gone. At temperatures above this point, up to 500, there is little, if any, 
further loss of strength; the (cniperature at which this great change and 
loss of strength takes place, although uniform in the specimens cast from 
the same pot, varies about 100° in the same composition cast at different 
temperatures, or with some varying conditions in the foundry process. 
The temperature at which the change took place in No, 1 series was ascet- 
tained to be about 370°, and in that of No. 2, ata little over 250°. Whatever 
may be the cause of this important difference in the same composition the 
fact stated may be talcen as certain. Rolled Muntz metal and copper are 
satisfactory up to 500°, and may be' used as securing-bolts with safety. 
Wrought iron, Yorkshire and remanufactured, increase in strength up to 
500°, but lose slightly in ductility up to 800°, where an increase begins an| 
continues up to 500°, where it is still less than at the ordinary temperature 
of the atmosphere. The strength of Landore steel is not affected by temper- 
pl oP to 500°, but its ductility is reduced more than one half. (ron, Oct. 

, 1877. 

Tensile Strength of Iron and Steel at High Tempcra= 
tures.—James 3). Howard’s tests (ron Age, April 10, 1590) show that the 
tensile strength of steel diminishes as the temperature increases from 0° 
until a minimum is reached between 200° and 300° F., the total decrease 
being about 4000 lbs. per square inch in the softer _stecls, and from 6900 to 
8000 ibs. in steels of over 80,000 Ibs. tensile strength, From this minimum poimt 
the strength increases up to a temperature of 400° to 65u° F., the maximum 
being reached earlier in the harder steels, the increase amounting to from 
10,000 to 20,000 lbs, per square inch above the minimum strength at from 200° 
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to 300°. From this maximum, the strength of all the steel decreases steadily 
at @ rate approximating 10,000 lbs, decrease per 100° increase of tempera- 
ture. A strength of 20,000 Ibs. per square inch is still shown by .10 C. steel 
at about 1000° F., and by .60 to 1.00 C. steel at about 1600° F, 

The strength of wrought iron increases with temperature from 0° up toa. 
maximum at from 400 to 600° F., the increase being: from 8000 to 10,000 Ibs. 
per square inch, and then decreases steadily till a strength of only 6000 lbs, 
‘per square inch is shown at 1500° F, 

Cast iron appears to maintain its strength, with a tendency to increase, 
until 900° is reached, beyond which temperature the strength gradually 
diminishes. Under the highest temperatures, 1500° to 1600° F., numerous 
cracks on the cylindrical surface of the specimen were developed prior to 
rupture. It is remarkable that cast iron, so much inferior in strength to the 
steels at atmospheric temperature, under the highest temperatures has 
nearly the same strength the high-temper steels ther have. 

Strength of Iron and Steel Boiler-plate at High Tem-= 
peratures. (Chas. Huston, Jowr. F. L, 1877.) 


AVERAGE OF THREE TESTS or EAcH, 


Temperature F, 68° 575° 925° 
Charcoal iron plate, tensile strength, Ibs....... 55,366 68,080 65,843 
oe Ss “* “ contr. of area 26 23. 21 
Soft open-hearth steel, tensile strength, lbs 66,083 64,350 
3 is “contr. %.. 47 38 33 
* Crucible steel, tensile strength, lbs.. 4 69,266 68,600 
Se ir “contr. % 80 21 


Strength of Wrought Iron and Steel at High Tempere 
atures, (Jour. F’. I., exii., 1881, p. 241.) Kollmann’s experiments at Ober- 
hausen included tests of the tensile strength of iron and steel at tempera- 
tures ranging between 70° and 2000° F. Three kinds of metal were tested, 
viz., fibrous iron having an ultimate tensile strength of 52,464 Ibs., an elastic 
strength of 38,280 Ibs., and an elongation of 17.5%; fine-grained iron having 
for the same elements values of 54,892 Ibs., 89,113 Ibs., and 20%; and Bes- 
semer steel having values of 84,826 lbs., 55,029 lbs,, and 14.5%. The mean 
ultimate tensile strength of each material expressed in per cent of that at 
ordinary atmospheric temperature is given in the following table. the fifth 
column of which exhibits, for purposes of comparison, the results of experi- 
ee carried on by a committee of the Franklin Institute in the years 

Fibrous Fine-grained Bessemer Franklin 


Temperature Wrought . Iron, Steel, Institute, 
Degrees F. Iron, p. ¢. per cent. per cent. per cent. 
0 100.0 100.0 100.0 96.0 

100 100.0 100.0 100.0 

200 100.0 100.0 100.0 

300 97.0 100.0 100.0 

400 95.5 100.0 100.0 

500 92.5 98.5 98.5 

600 88.5 95.5 92.0 

700 81.5 90.0 68.0 

800 67.5 V7.5 44.0 

900 44.5 51.5 36.5 

1000 26.0 36.0 31.0 
1100 20.0 30.5 26.5 

1200 18.0 28.0 22.0 

1300 16.5 23.0 18.0 

1400 13.5 19.0 15.0 

1500 10.0 15.5 12.0 
1600 7.0 12.5 10.0 

1700 5.5 10.5 8.5 

1800 4.5 8.5 7.5 

1900 8.5 7.0 6.5 

2000 3.5 5.0 5.0 z 


" Fhe Effect of Cold on the Strength of Fron and Steel,— 
“The following conclusions were arrived at by Mr. Styffe in 1865 : 
(1) That the absolute strength of iron and steel is not diminished by 
cold, but that even at the lowest temperature which ever occurs in Sweden 
_ itis at least as great as at the ordinary tem perature (about 60° F,), 
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(2) That neither in steel nor in ivon is the extensibility less in severe cold 
than at the ordinary temperature. 
(3) That the limit of elasticity in both steel and iron lies higher in severe 


cold. 

(4) That the modulus of elasticity in both steel and iron is increased on 
reduction of temperature, and diminished on elevation of temperature ; but 
that these variations never exceed 0.05 % for a change of temperature of 1.8° 
¥., and therefore such variations, at least for ordinary purposes, are of no 
special importance. 

Mr. C. P. Sandberg made in 1867 a number of tests of iron rails at various 
temperatures by means of a falling weight, since he was of opinion that, 
although Mr. Styffe’s conclusions were perfectly correct as regards tensile 
strength, they might not apply to the resistance of iron to impact at low 
temperatures. Mr. Sandberg convinced himself that ‘ the breaking strain” 

jot iron, such as was usually employed for rails, “ as tested by sudden blows 
or shocks, is considerably influenced by cold ; such iron exhibiting at 10° F. 
only from one third to one fourth of the strength which it possesses at 
34°F.” Mr. J. J. Webster (Inst. C. E., 1880) gives reasons for doubting 
the accuracy of Mr. Sandberg’s deductions, since the tests at the lower 
temperature were nearly all made with 21-ft. Jengths of rail, while those at 
the higher temperatures were made with sbort lengths, the supports in 
every case being the same distance apart. 

W.H. Barlow (Proc. Inst. C. E.) made experiments on bars of wrought 
iron, cast iron, malleable cast iron, Bessemer steel, and tool steel. The bars 
were tested with tensile and transverse strains, and also by impact; one 
half of them ata temperature of 50° F.,and the other half at 5° F. The 
lower temperature was obtained by placing the bars in a freezing mixture, 
care being taken to keep the bars covered with it during the whole time of 
the experiments. 

The results of the experiments were summarized as follows : 

4. When bars of wrought iron or steel were submitted to a tensile strain 
and broken, their strength was not affected by severe cold (5° F.), but their 
ductility was increased about 1% in iron and 8% in steel. 

2. When bars of cast iron were submitted to a transverse strain at a low 
fun their strength was diminished about 8% and their flexibility 
about 16%. 

8 When bars of wrought iron, malleable cast iron, steel, and ordinary 
cast iron were subjected to impact at a temperature of 5° F., the force re- 
quired to break them, and the extent of their flexibility, were reduced as 
follows, viz.: 


Reduction of Force Reduction of Flexi- 
of Impact, per cent. bility, per cent. 
Wrought iron, about.......... Perce oct 18 
Steel (best cast tool), abou .. 3g 17 
Malleable cast iron, about. 46 15 
Cast iron; about.........--- het not taken 


The experience of railways in Russia, Canada, and other countries where 
the winter is severe is that the breakages of rails and tires are far more 
numerous in the cold weather than in the summer. On this account a 
softer class of steel is employed in Russia for rails than is usual in more 
temperate climates, 

The evidence extant in relation to this matter leaves no doubt that the 
capability of wrought iron or steel to resist impact is reduced by cold. On 
the other hand, its static strength is not impaired by low temperatures. 

Effect of Low TVWemperatures on Strength of Railroad 
Axles. (Thos. Andrews, Proc. Inst. C. E., 1891.)—Axles 6 ft.6 in. long 
between centres of journals, total length 7 ft. 34 in., diameter at middle 444 
in., at wheel-sets 51¢ in., journals 354 X 7in. were tested by impact at temper- 
atures of 0° and 100° F. Between the blows each axle was half turned over, 
and was also replaced for 15 minutes in the water-bath. 

ae mean force of concussion resulting from each impact was ascertained 
as follows : ; 


Let h = height of free fall in feet, w= weight of test ball, hw = W= 
“energy,” or work in foot-tons, + = extent of deflections between bearings, 
then 7 (meas force) = we = pak 

x 2 
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The results of these experiments show that whereas at a temperature of 
0° F. a total average mean force of 179 tons was sufficient to cause the 
breaking of the axles, at a temperature of 100° F. a total average mean 
force of 428 tons was requisite to produce fracture. In other words, the re- 
sistance to concussion of the axles ata temperature of 0° F. was only about 
42% of what it was ata temperature of 100° F, 

The average total deflection ata temperature of 0° F. was 6,48 in., as 
against 15.06 in. with the axles at 100° PF. under the conditions stated; this 
represents an ultimate reduction of flexibility, under the test of impact, of 
hag 57% for the coid axles at 0° F., compared with the warm axles at 


EXPANSION OF IRON AND STEEL BY HEAT. 


Jamés BE. Howard, engineer in charge of the U.S. testing-machine at Wa- 
tertown, Mass., gives the following results of tests made on bars 35 inches 
long (Iron Age, April 10, 1890): 


Chemical composition, Coefficient of 


Expansion. 
Metal. Marks. Per d ; 
; Fe by er degree 
g 
C. | Mn. | Si. difference, os engi 
sak Nisin [Seis eistaylc aaetto One rs ee re roy -0000067302 
la 09 wD Chae Sid 99.80 -0000067561 
2a +20 a4) iNephsterex 99.35 -0000066259: 
3a 31 OP [ciel sa 99.12 -0000065149 
da 87 Sy (tat) Oe 98.93 -0000066597 
5a -51 58 02 98.89 -0000066202 
6a 57 93 07 98.48 -0000063891 
Ta 71 58 .08 98.63 - 0000064716 
ve 8a 81 -56 wt 98.46 -0000062167 
E( Wr sinjeisteet bie cla cle 9a 89 57 19 98.35 > -0000062335 
ESS S868 Sarees IRE ore 10a. | .97> | .80 | .28 97.95 sree 
Past: (Sun) irons fea] iasehs else heestyey Dace aivwaeee -| 000005: 
Drawn copper.....}..... Llaisifl of. nis\| ae SER Minty ob (abi) kia big-nrw ec bdW agetok -0000091286 
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Durability of Cast Irom.—Frederick Graff, in an article on the 
Philadelphia water-supply, says that the first cast-iron pipe used there was 
laid in 1820. These pipes were made of charcoal iron, and were in constant 

_ use for 53 years. They were uncoated, and the inside was well filled with 
tubercles. In salt water good cast iron, even uncoated, will last for a cen- 
tury at least; but it often becomes soft enough to be cut by a knife, as is 
shown in iron cannon taken up from the bottom of harbors after long sub- 
Mersion, Close-grained, hard white metal lasts the longest in sea water.— 7 

- Engg News, April 23, 1887, and March 26. 1892, . ; 

__ Bests of Iron after Forty Wears? Service,—A square link 12 
inches broad, 1 inch thick and about 12 feet long was taken from the Kieff 
bridge, then 40 years old, and tested in comparison with a similar link which 
had been preserved in the stock-house since the bridge was built. The fol- 

~ Jowing is the record of a mean of four longitudinal test-pieces, 1 x 1144 xX 8 | 
inches, taken from each link (Stahl und Eisen, 1890): : 


Old Link taken New Linkfrom 

from Bridge, Store-house, 
Tensile strength per square inch, tons, 
Elastic limit fs a 
Elongation, per cent.. 
Contraction, per cent......-.ccese00; 


Durability of Iron in Bridges, (G. Lindenthal, Hing’g, May 2, 
| 1884, p. 139.)—Tbhe Old Monongahela suspension bridge in Pittsburgh, built 
in 1845, was taken down in 1882. The wires of the cables were frequently 
Strained to half of their ultimate strength, yet on testing them after 37 years’ 
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use they showed a tensile strength of from 72,700 to 100,000 lbs. per square 
inch. ‘The elastic limit was from 67,100 to 78,600 Ibs. per square inch. Re- 
duction at point of fracture, 35% to 75%. Their diameter was 0.13 inch, — 

A new ordinary telegraph wire of same gauge tested for comparison 
showed: T. S., of 100,000 Ibs.; E. L., 81,550 Ibs. ; reduction, 57%. Iron rods 
used as stays or suspenders showed: T. S., 43,770 to 49,720 Ibs. per square 
igh E. L., 26,380 to 29,200. Mr. Lindenthal draws these conclusions from 

s tests: 

“The above tests indicate that iron highly strained for a long number of 
years, but still wilhin the elastic limit, and exposed to slight vibration, will 
not deteriorate in quality. 

“That if subjected to only one kind of strain it will not change its texture, 
even if strained beyond its elastic limit, for many years. It will stretch and 
Uchave much as in a testing-machine during a long test. 

“That iron will change its texture only when exposed to alternate severe 
straining, as in bending in different directions. If the bending is slight but 
heed rapid, as in violent vibrations, the effect is the same.” 

orrosion of Iron Bolts.—On bridges over the Thames in London, 
bolts exposed to the action of the atmosphere and rain-water were eaten 
away in 25 years from a diameter of % in, to ¥ in., and from 9 in. diameter 
to 5/16 inch, 

Wire ropes exposed to drip in colliery shafts are very liable to corrosion. 

Corrosion of Iron and Steel,—Experiments made at the Riverside 
Iron Works, Wheeling, W. Va., on the comparative liability to rust of iron 
and soft Bessemer steel: A piece of iron plate and a similar piece of steel], 
both clean and bright, were placed in a mixture of yellow loam and sand, 
with which had been thoroughly incorporated some carbonate of soda,nitrate 
of soda, ammonium chloride, and chloride of magnesium. The earth as 
prepared was kept moist. At the end of 33 days the pieces of metal were 
taken out, cleaned, and weighed, when the iron was found to have lost 0.84% 
of its weight and the steel 0.72%. The pieces wero replaced and after 28 days 
weighed again, when the iron was found to have lost 2.06% of its original 
weight and the steel 1.79%. (Zng’g, June 26, 1891.) 

Corrosive Agents in the Atmosphere,—The experiments of I’. 
Orace Calvert (Chemical News, March 3, 1871) show that carbonic acid, in 
the presence of moisture, is the agent which determines the oxidation of 
iron in the atmosphere. He subjected ‘perfectly cleaned blades of iron and 
steel to the action of different gases for a period of four months, with 
results as follows: 

Dry oxygen, dry carbonic acid, a mixture of both gases, dry and damp 
oxygen and ammonia: no oxidation. Damp oxygen: in three experiments 
one blade only was slightly oxidized. 

Damp earbonie acid: slight appearance of a white precipitate upon the 
iron, found to be carbonate of iron. Damp carbonic acid and oxygen: 
oxidation very rapid. . Iron immersed in water containing carbonic acid 
oxidized rapidly, 

Tron immersed in distilled water deprived of its gases by boiling rusted 
the iron in spots that were found to coptain impurities, 

Galvanic Action is a most active agent of corrosion. It takes place 
when two metals, one electro-negative to the other, are placed in contact 
and exposed to dampness. 

Sulphurous acid (the product of the combustion of the sulphur in coal) is 
an exceedingly active corrosive agent, especially when the exposed iron is 


coated with soot. This accounts for the rapid corrosion of iron in railway | 


bridges Ue Rae to the smoke from locomotives, (See account of experi- 
ments by the author on action of sulphurous acid in Jour Frank Inst., June, 
1875, p. 437.) An analysis of sooty iron rust from a railway bridge showed 
the presence of sulphurous, sul phurie, and carbonic acids, chlorine, and 
ammonia, Bloxam states that ammonia is formed from the nitrogen of the 
air during the process of rusting. 


Corrosion in Steam-boilers,—Internal corrosion may be due 


either to the use of water containing free acid, or water containing sulphate 
or chloride of magnesium, which decompose when heated, liberating the 
acid, or to water containing air or carbonic acid in solution. External 
corrosion rarely takes place when a boiler is kept hot, but when cold it is 
ant to corrode rapidly in those portions where it adjoins the brickwork or 
where it_ may be covered by dust or ashes, or wherever dampness may 
lodge. (See Impurities of Water, p. 551, and Incrustation and Corrosion, 


p. 716.) 
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PRESERVATIVE COATINGS. 


(The following notes have been furnished to the author by Prof, 
‘A. H. Sabin.) = 
Cement.—Iron-work is sometimes protected by bedding in concrete, 
in which case it is first cleaned and’ then washed with heat cement before 
being imbedded, 

Asphaltuma.—This is applied hot either by dipping (as water-pipe) or 
by pouring it on (as bridge oors). The asphalt should be slightly elastic 
when cold, with a high melting-point, not Sera terse at 100° EF’. applied 
at 300° to 400°; surface must be dry and should be ot; coating should be of 
considerable thickness, 

Paint.—Composeéd of a vehicle or binder, usually linseed oil or some} 
inferior substitute, or varnish (enamel paints); and a pigment which is ai 
more or less inert solid in the form of owder, either mixed or ground ‘ 
together, The principal pigments are white lead (carbonate) and white 
zine (oxide), red lead (peroxide), oxides of iron, hydrated and dehydrated, 
graphite, lainp-black, e¢hrome yellow, ultramarine and Prussian blue, and 
various tinting colors. White léad has the greatest body or opacity of white 
pigments; three coats of it equal five of white zine; zine is more brilliant 
and permanent, but it is liable to peel, and it is customary to mix the two. 
These are the standard white paints for all uses and the basis of all light- 
colored paints. Anhydrous iron oxides are brown and purplish brown, 
hydrated iron oxides are yellowish red to reddish yellow, with more or less 
brown; most iron oxides are mixtures of both sorts. They also contain 
frequently manganese and clay, They are cheap, and are serviceable 
paints for wopd, and are often used on iron, but for the latter use are 
falling into diuyrepute. Graphite used for painting iron contains from 10 
to 90% foreign matter, usually silicates and iron oxides, It is very opaque, 
hence has great covering power, and may be applied in a very thin coat 
which should be avoided. It retards the drying of oil, hence the necessity 
of using dryers; these are lead and manganese compounds dissolved in oil 
and turpentine or benzine, and act as carries of oxygen; they are necessary 
in most paints, but should be used as little as possible, There are many 
grades of lamp-black; as arule the cheaper sorts contain oily matter and 
are especially hard to dry; all lamp-black is slow to dry in oil. It is the 
principal black on wood, and is used some on iron, usually in combination 
with varnish or varnish-like compounds, It is very permanent on wood, 
A gallon of oil takes only a pound of lamp-black to make a paint, while 
the same amount of oil requires about 40 lbs, of red lead. On this account 
red-lead paint, which ene about 30 lbs. per gallon, is the most expensive 
of all comon paints. It does not dry slowly like other oil paints, but com- 
bines with the oil to make a sort of cement; on this account it is used on 
the joints of steam-pipes. ete. To prevent the mixture of red lead and oil 
setting into a cake, and also to cheapen it, it is often adulterated with 
whiting or sometimes with white zine, the proportion of adulterant being 
sometimes double the lead. Red lead has long had a high reputation asa 
paint for iron and steel and is still used very extensively; but of late years 
- Some of the new paints and varnish-like ee have displaced it to 
some extent even on the most important work, é 

Varnishes.—These are made by melting fossil resin, to which is then 
added from half its weight to three ‘times its weight of refined Ilnseed oil, 
and the compound is thinned with turpentine; they usually contain a little 
dryer, They are chiefly used on wood, being more durable and more_ 
brilliant than oil, and are often used over paint to preserve if, Asphaltum 
is sometimes snbstituted in part or in whole for the fossil resin, and in this 
way are made varnishes which have been applied to iron and steel with 
good results. Asphaltum and animal and vege able tar and pitch have also 
been simply dissolved in solvents, as benzine or carbon disulphide, and used 
for the same purpose. 

All these preservative coatings are supposed to form impervious films, 
_ keeping out air and moisture; butin fact all are somewhat porous. On this 
account it is necessary to have a film of appreciable thickness, best formed 
_ by successive coats, so that the pores of one will be closed by the next. The 

pigment is used to give an agreeable color, to help fill the pores of the oil 
film, to make the paint harder so that it will resist abrasion, and to make a 
thieker film. In varnishes these results are sought to be attained by the 
_ resin which is dissolved in the oil. There is no sort of agreement among 


388 IRON AND STEEL. 


practical men as to which is the best coating for any particular case; this is 
probably because so much depends on the preparation of the surface and 
the care with which the coating is applied, and also because the conditions 
of exposure vary so greatly. 

Methods of Application.,—Too much care cannot be given to the 
preparation of the surface, If it is wood, it should be dry, and the surface 
of knots should be coated with some preparation which will keep the tarry 
matter in the wood from the coating. All old paint or varnish should be 
removed by burning and scraping. Metallic surfaces should be cleaned by 
wire brushes and scrapers. and if the permanence of the work is of much 
importance the scale and oxide should be completely removed by acid 
pickling or by the sand-blast or some equally efficient means. Pickling is 
usually done with a 10% solution of sulphuric acid; as the solution becomes 
exhausted it may be made more active by heating. All traces of acid must 
be removed by washing and the metal must be rapidly dried and painted 
before it becomes in the slightest degree oxidized. The sand-blast, which 
has been applied to large work recently and for many years to small work 
with good results, leaves the surface perfectly clean and dry; the paint 
must be applied immediately. Plenty of time should always be allowed, 
usually about a week, for each coat of paint to dry before the next coat is 
applied; less than two coats should never be used. Two will last three 
times as long as One coat. Benzine should not be an ingredient in coatings 
for iron-work, because its rapid evaporation lowers the temperature of the 
iron and may cause formation of dew on the surface adjacent to the paint 
which is immediately to be painted. 

Cast-iron water-pipes are usually coated by dipping in a hot mixture of 
coal-tar and coal-tar pitch; riveted steel pipes by dipping in hot asphalt or 
by a japan enamel which is baked on at about 400° F. Ships’ bottoms are 
usually coated with some sort of paint to prevent rusting, over which is 
spread, hot, a poisonous, slowly soluble compound, usually a copper soap, 
to prevent adhesion of marine growths. 

alvanizec-iron and tin surfaces should be thoroughly cleaned with 
benzine and scrubbed before painting. When new they are covered with 
grease and chemicals used in coating the plates, and these must be removed 
or the paint will be destroyed. 

LS (aera of Paint for a Given Surface.—One gallon of paint 
will cover 250 to 350 sq. ft. as a first coat, depending on the character of the 
surface, and from 350 to 450 sq. ft. as a second coat, 


Qualities of Paints,—Tne Railroad and Engineering Journal, vols. 
liv and lv, 1890 and 1891 , has aseries of articles on paint as applied to wooden 
structures, its chemicai nature, application, adulteration, ete., by Dr. C. B. 
Dudley, chemist, and F. N. Pease, assistant chemist, of the Penna. R. R. 
They give the results of a long series of experiments on paint as applied to 
railway purposes. 

Rustless Coatings for Tron and Steel,—Tinning, enamelling, 
lacquering, galvanizing, electro-chemical painting, and other preservative 
methods are discussed in two important papers by M. P. Wood, in Trans, 
A. 8. M.E., vols. xv and xvi. 

A Method of Producing an Inoxidizable Surface on 
iron and steel by means of electricity has been developed by M. A. de Meri- 
tens (Engineering). The article to be protected is placed in a bath of ordi- 
nary or distilled water, at a temperature of from 158° to 176° F., and an 
electric current is sent through, The wateris decomposed into its elements, 
oxygen and hydrogen, and the oxygen is deposited on the metal, while the 
hydrogen appears at the other pole, which may either be the tank in which 
the operation is conducted or a plate of carbon or metal. The current has 
oul sufficient electromotive force to overcome the resistance of the circuit 
and to decompose the water; for if it be strouger than this, the oxygen com- 
bines with the iron to produce a pulverulent oxide, which has no adherence. 
If the conditions are as they should be, it is only a few minutes after the 
oxygen appears at the metal before the darkening of the surface shows 
that the gas has united with the iron to form the magnetic oxide Fe 04, 
which will resist the action of the air and protect the metal beneath it. 
After the action has continued an hour or two the coating is sufficiently 
solid to resist the scratch-brush, and it will then take a brilliant polish. 

If a piece of thickly rusted iron be placed in the bath, its sesquioxidé 
(Fe,03) is rapidly transformed into the magnetic oxide, This outer layer 
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has no adhesion, but beneath it there will be found a coating which is 
actually a part of the metal itself. 

In the early experiments M. de Meritens employed pieces of steel only, 
but in wrought and east iron he was not successful, for the coating came off 
with the slightest friction. He then placed the iron at the negative pole of 
the apparatus, after it had been already applied to the positive pole. Here 
the oxide was reduced, and hydrogen was accumulated in the pores of the 
metal. The specimens were then returned to the anode, when it was found 
that the oxide appeared quite readily and was very solid. But the result 
was not quite perfect, and it was not until the bath was filled with distilled 
water, in place of that from the public supply, that a perfectly satisfactory 
result was attained. 2 ; 

Manganese Plating of Iron as a Protection from Rust, 
—According to the Italian Progreso, articles of iron can be protected against 
Trust by sinking them near the negative pole of an electric bath composed of 
10 litres of water, 50 grammes of chloride of Inanganese, and 200 grammes 
of nitrate of ammonium. Under the influence of the current the bath 
deposits on the articles a protecting film of metallic manganese. 

A Non-oxidizing Process of Annealing is described by H. P. 
Jones, in Hng’g News, Jan. 2, 1892. The new process uses a non-oxidizing 
gas, and is the invention of Mr. Horace K. Jones, of Hartford, Conn. Its 
principal feature consists in keeping the annealing retort in communication 
with the gas-holder or gas-main during the entire process of heating and 
cooling, the gas thus being allowed to expand back into the main, and being, 
therefore, kept at a practically constant pressure. 

The retorts are made from wrought-iron tubes. The gas is taken directly 
from the mains supplying the city with illuminating gas. If metal which 
has been blued or slightly oxidized is subjected to the annealing process it 
comes out bright, the oxide being reduced by the action of the gas. 

Comparative tests were made of specimens of steel wire annealed in 
illuminating gas, in nitrogen, and in an open fire and cooled in ashes, and of 
specimens of the unannealed metal. The wires were .188 in. in diameter 
and were turned down to .150 in. 

The average results were as follows: ‘ 

Unannealed, two lots, 5 pieces each, tensile strength av. 97,120 and 80,790 
Ibs. per sq. in., elongation 7.12% and 8.80%. Annealed in open fire, 8 tests, av. 
t. s. 63,090, el. 26.76%. Annealed in nitrogen, ay. of 3 lots, 18 pieces, t. s, 
59,820, el. 29.38%. Annealed in illuminating gas, av. of 3 lots, 13 pieces, t. s. 
“epee el. 28.29%. The elongations are referred to an original length of 

-15 ins, 


STEEL. 


RELATION BETWEEN THE CHEMICAL COMPOSI 
TION AND PHYSICAL CHARACTER OF STEEL, 


W. R. Webster (sce Trans. A, I. M. E., vols. xxi and xxii, 1898-4) gives re- 
sults of several hundred analyses and tensile tests of basic Bessemer steel 
plates, and from a study of them draws conclusions as to the relation of 
ence composition to strength, the chief of which are condensed as: 
follows: 

The indications are that a pure iron, without carbon, phosphorus, man- 
gZanese, silicon, or sulphur, if it could be obtained, would have a tensile 
Strength of 34,750 lbs. per square inch, if tested in a 3¢-inch plate. With 
this as a base, a table is constructed by adding the ollowing hardening 
effects, as shown by increase of tensile strength, for the several elements 
named. 

Carbon, a constant effect of 800 Ibs. for each 0.01%. 

¢ 500 “ “0.01% 


Sulphur. 5 -01%. 
Phosphorus, the effect is higher in high-carbon than in low-carbon steels. 
With carbon hundreths%... ... 9 10 11 12 13° 34 | 15! 16.2 77 


Each, .01% P has an effect of Ibs. 900 1000 1100 1200 1300 1400 1500 1500 1500 
Manganese, the effect decreases as the per cent of manganese increases. 


00.15 .20 .25 .80 .85 .40 .45 .50 5B 
Mn being per cent...... to to to to to to to to to to 
-15_ .20 .25 80 .85 .40 .45 .50 .55 .65 
Str’gth increases for .01% 240 240 220 200 180 160 140 120 100 100 lbs, 
-Totaliner. from 0 Mn... 3600 4800 5900 6900 7800 8600 9300 9900 10,400 11,400 
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A neiat is so low in this steel that its hardening effect has not been con- 
sidered. 

With the above additions for carbon and phosphorus the following table 
bas been constructed (abridged from the original by Mr. Webster). To the 
a eg given the additions for sulphur and manganese should be made as 
above. 


Estimated Ultimate Strengths of Basic Bessemer Steel 


Pilates. 
For Carbon, .06 to .24; Phosphorus, .00 to .10; Manganese and Sulphur, .00 in 
all cases._ 
Carbon. | .06 | .08 | .10 ] 12 | a4 | 16 | 18 | .20 | 22 [ .24 
| |] | —— 1 —_ | —_ | —_ '—_. |——. | —— 
Phos, .005 |39,950! 41,550] 43,250] 44,950] 46,650| 48,300] 49,900|51,500|53,100] 54,700 
01 | 40,850} 41,950} 43,750] 45,550) 47,350] 49,050) 50,650| 52, 250/53,850} 55,450 
“02 |41,150} 42,750] 44,750} 46,750) 48,750 50,550) 52,150 53,750|55,350! 56,950 
*© 08 | 41,950} 43,550) 45,'750} 47,950} 50,150] 52,050! 53,650|55,250/56,850| 58,450 
04 |42,750) 44,350} 46,750] 49,150) 51,550) 58.550 55,150}56,750/58,350) 59,950 
** 05 |48,550] 45,150) 47,750) 50,350) 52,950| 55,050 56,650/58,250/59,850| 61,450 
“06 |44,850) 45,950] 48,750) 51,550) 54,350/56,550 58,150)59, 750/61 350) 62.950 
“ 07 |45,150| 46,750] 49,750} 52, 750} 55,750| 58,050 59,650) 61,250)62,8501 64.450 
“6 08 | 45,950) 47,550) 50,750/ 53,950] 57,150) 59,550 61,150) 62,750) 64,350) 65,950 
“09 | 46,750} 48,350] 51,750| 55,150) 58,550) 61,050 62,650) 64,250/65,850) 67,450 
"© 10 |47,550} 49,150) 52,'750)56,3850} 59,950] 62,550 64,150! 65.750167,350! 68.950 
.001 Phos =]80}bs.|80lbs.| 100 1b1120 1b1140 1b] 150 Ib 150 3b/150 1b]150 Ib] 150 1b 


In all rolled steel the quality depends on the size of the bloom or ingot 
from which it is rolled, the work put on it, and the temperature at which iti 
is finished, as well as the chemical composition, 

The above table is based on tests of plates 3ginch thick and under 70 
inches wide; for other plates Mr. Webster gives the following corrections 
for thickness and width. They are made necessary only by the effect of 
thickness and width on the finishing temperature in ordinary pracuce 
Steel is frequently spoiled by being finished at too high a temperature. 


Corrections for Size of Plates. 


Plates. Up to 70 ins. wide. Over 70 ins. wide. 
Inches thick, Lbs, Lbs. 

— 2000 — 1000 

11/16 — 1750 — 0 
— 1500 — 500 

9/16 — 1250 — 250 
4 — 1000 ONO 
W/16 — 500 + 500 
34 0 + 1000 
5/16 ++ 3000 + 5000 


Comparing the actual result of tests of 408 plates with the calculated 
results, Mr. Webster found the variation to range as in the table below. 


Summary of the Differences Between Calculated and 
Actual Results im 408 Tests of Plate Steel. 
In the first three columns the effects of sulphur were not considered; in 
the last three columns the effect of sulphur was estimated at 500 lbs. for 
each .01% of 8. 


Ba 
ay i ; ~ sland 

& 5 3 a . 3 s ao nd © 

sa | & | & | se | & |S see 

gee | oe ee eee 

=) 2 S (=) ia) o lon QO" | 
. east 
Per cent within 1000 lbs..} 23.4 | 82.1 | 28.4 24.6 | 27.0 |26.0) 28.4 
we 2000 8.4) 40.9 | 48.9 | 45.6 48.5 | 54.9 52.2) 55.1 
ASS KS) 2Q000) S61 962 G51) 71.8 676 67.8 | 73.0 |70.8| 74,7 
NO em eahiete ¢ AUD: Of 755 | 81.0 | 78.7 82.5 | 85.2 |84.1) 89.9 
Bee ares OOOU. Vo), 89.5 ! 91.1 | 90.4 93.0 | 92.8 192.9! 94.9 
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The last figure in the table would indicate that if specifications were drawn 


_ calling for steel plates not to vary more than 5000 Ibs. T, S. from a specified 


figure (equal to a total range of 10,000 lbs.), there would be a probability of 
the rejection of 5% of the blooms rolled, even if the whole lot wag made from 
steel of identical chemical analysis. Ln 1000 heats only 2% of the heats failed 
to meet the requirements of the orders on which they were graded; the loss 
of plates was much less than 1%, as one plate was rolled from each heat and 
tested before rolling the remainder of the heat. 

Rk. A. Hadfield (Jour. Iron and Steel Inst., No.1, 1894) gives the strength of 
very pure Swedish iron, remelted and tested as cast, 20.1 tons (45.024 lbs.) 
‘per sq. in.; remelted and_ forged, 21 tons (47,040 Ibs.).. The analysis of the 


- east har was: C, 0 08; Si. 0.61; 5. 0.02; P, 0.02; Mn. 0.01; Fe, 99.82 


Effect of Oxygen upon Strength of Steel.—A. Lantz, of the 
Peine works, Germany, in a letter to Mr. Webster, says that oxygen plays, 
an important réle—such that, given a like content of carbon, phosphorus, 
and manganese, a blow with greater oxygen content gives a greater hard- 
ness and iess ductility than a blow with less oxygen content. The m«thod 
used for determining oxygen is that of Prof, Ledebur, given in Stahl und 
Eisen, May, 1892, p. 193. The variation in oxygen may make a difference in 


_ strength of nearly 14 ton per sq. in. (Joi. Iron and Steel Inst., No. 1, 1894.) 
RANGE OF MA Ape el IN STRENGTH OF BESSEMER 


D OPEN-HEARTH STEELS. 
The Carnegie Steel Co. in 1888 published a list of 1057 tests of Bessemer 


_ and open-hearth steel, from which the following fizures are selected : 


Elongation 
per cent 
in § inches. 


Par Ultimate 
Elastic Limit. | ‘Strength. 


Kind of Steel. 


High’t.) Lowest | High’t.}Lowest | High’t.| Lowest 


No. of Tests. 


a Bess. structural... we 46,570 | 39,230 | 71,800 | 61,450 | 33.00 | 28.75 
ye rf 


(db), ..-| 170} 47,690 | 39,970 | 73,540 | 65,200 | 30.25 | 23.15 
(c) Bess. angles....,.] 72} 41,890 | 32,080 | 63,450 | 56,130 | 34.30 | 26.25 
OOH. fire-bom hl: of 25) ee re caly eee 62.790 | 50,350 36.00 25.62 
e) O. H. bridge... ... DOVES decanter nes 69.940 | 63.970 30.00 B15 


REQUIREMENTS OF SPECIFICATIONS. 
(a) Elastic linsit, 35,000; tensile strength, 62.000 to 70,000; elong. 22% in 8 in. 
(b) Elastic limit, 40,000; tensile strength, 67,000 to 75,000. 
(c) Elastic limit, 30,000; tensile strength, 56,000 to 64,000; elong. 20% in 8 in, 


(ad) Tensile strength 50,000 to 62,000; elong, 26% in 4 in. 


{e) Tensile strength, 64,000 to 70,000; elong. 20% in 8 in, 

_ Strength of Open-hearth Structural Steel. (Pencoyd Iron 
Works.)—As a general rule, the percentage vf carbon in steel determines its 
harduess and strength. The higher the carbon the harder the steel, the 
Higher the tenacity, and the lower the ductility will be. The following list 
exhibits the average physical properties of good open-hearth basic steel : 


od lees « |Sal «pose tots Peleren at 
SBS (Saaclotad| ss |Ssal 28 |scadlones| a=) So 
OSH seu Sea i oa DF $4 ls2,7le8u7u| Sa i) 
Os JRE BZ HOS 2 Ss OF IL GEE CS (BSS ASR B So OF | GH 
18O |Bna alse a| 50 | od 60 |BMAa|SAS a) Rw < 
& (|p A a |e ta a a |e 


-08 54900 | 32500} 32 60 yg 61600 | 387000} 27 50 
09 54800 | 33000} 31 58 18 62500 | 387500 | 27 49 
10 55700 | 33500 | 31 57 19 63300 } 38000 | 26 48 
il 56500 | 34000} 30 56 20 64200 | 38500 | 26 47 


12 57400 | 34500 | 30 55 21 65000 | 389000 | 25 46 
13 58200 | 35000} 29 54 222 65800 | 389500 | 25 45 
a 59100 | 85500 | 29 53 23 66600 | 40000 | x4 44 
-15 | 60000 ; 36000} 28 52 24 67400 | 40500 | 24 43 
16 § 60800; 36500! 28 51 25 68200 } 41000 | 23 42 


) The cosfficient of elasticity is practically uniform for all grades, and is 
the same as for iron, viz., 29,000,000 lbs. These figures form the average of 
: ea nnmerous series of tests from rolled bars, and can only serve as an ap- 
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roximation in single instances, wen the variation from the average may 
Be considerable. Steel below .10 carbon should be capable of doubling flat 
without fracture, after being chilled from a red heat in cold water. Steel 
of .15 carbon will occasionally submit to the same treatment, but will 
‘ usually bend around a curve whose radius is equal to the thickuess of 
the specimen ; about 90% of specimens stand the latter bending test without 
fracture. As the steel becomes harder its ability to endure this bending 
test becomes more exceptional, and when the carbon ratio becomes .20, 
little over 25% of specimens wi'l stand the last-described bending test. Steel 
having about .40% carbon will usually harden sufficiently to cut soft iron 
and maintain an edge. 5 
Mehrtens gives the following tables in Stahl wnd Hisen (Iron Age, April 20, 
1893) showing the range of variation in strength, ete., of basic Bessemer and 
of basic open-hearth structural steel, The figures in the columns-headed 
Per Cent show the per cent of the total number of charges which came 
within the range given. 


BASIO BESSEMER STEEL, 680 CHARGES. reps 
Elastic Limit, Rar Tensile Strength, p,, 


Elongation, Per 
Leong ha Cent. ae daney Cent. per cent. Cent. 
85,500 to 38,400..... 15.0 | 55,600 to 56,900.... 18.67 | 21 to 25..... ofl 2.65 
88,400 to 39,800..... 81.6 | 56,900 to 58,300.... 38.67 | 25 to 27.... 25.88 
89,800 to 41,200..... 27.5 | 58,300 to 59,700.... 23.53 | 27 to 29... .. 50.44 
41,200 to 42,700..... 16.0 | 59,700 to 61,200.... 15.60 | 29 to 30..-- «. 14.41 
42,700 to 46,400..... 9.9 | 61,200 to 62,800.... 3.53 | 30 to 32.5......... 6.62 
BASIC OPEN-HEARTH STRUCTURAL STEEL, 489 CHARGES. x 
$4,400 to 37,000..... 12.3 | 55,800 to 56,900..... 8.0 fi 20.60 25. <in.n sjne'nn sna telah 
87,000 to 39,800..... 35.9 | 56,900 to 59,700..... 51.8 est 
39,800 to 42,700..... 30.2 | 59,700 to 61,200..... 19.6 3 
42,700 to 44,100..... 11.4 | 61,200 to 62,600..... 11.2 : 
44,100 to 48,400..... 8.5 | 62,600 to 65,100. ... 9.4 


Rivet steel, 19 charges, showed a total range from 51,800 to 56,900 Ibs. 
tensile strength, and 25.2 to 29.8 per cent elongation. 


In the basic Bessemer steel over 90% was below 0.08 phosphorus, and all 
were below 0.10; manganese was below 0.6 in over 90%, and below 0.9 in ally 
sulphur was below 0.05 in 84%, the maximum being 0.071; carbon was below 
0.10, and silicon below 0.01 in all. In the basic open-hearth steel phosphorus 
was below 0.06 in 96%, the maximum being 0.08; manganese below 0.50 in 97%; 
sulphur below 0.07 in 88%, the maximum being 0.12, The carbon ranged 
from 0.09 to 0.14. 

Low Tensile Strength of Very Pure Steel,—Swedish nail-rod 
open-hearth steel, tested by the author in 1881, showed a tensile strength of 
only 42,591 lbs. per sq. in. A piece of American nail-rod steel showed 45,021 
Tbs. per sq. in. Both steels contained about .10 carbon and .015 phosphorus, 
and were very low in sulphur, manganese, and silicon. The pieces tested 
were bars about 2 x 8 in. section, 

Low Strength Due to Insufficient Work. (A. E. Hunt, 
Trans. A. I. M. E., 1886.)—Soft steel ingots, made in the ordinary way for 
boiler plates, have only from 10,000 to 20,000 lbs. tensile strength oes sq. in., 
an elongation of only about 10% in 8 in., and a reduction of area of less than ~ 
20%. Such ingots, properly heated and rolled down from 10 in. to in. 
thickness, wii give from 55,000 to 65,000 Ibs. tensile strength, an elongation 
in 8 in. of from 23% to 33%, and a reduction of area of from 55% to 70%. Any © 
work stopping short of the above reduction in thickness ordinarily yields 
intermediate results in its tensile tests. : 

Effect of Finishing Temperature in Rolling.—The strength 
and ductility of steel depend to a high degree upon fineness of grain, and 
this may be obtained by having the temperature of the steel rather low, say 
at a dull red heat, 1300° to 1400° F., during the finishing stage of rolling. In 
the manufacture of steel rails a great improvement in quality has been 
obtained by finishing at alow temperature. An indication of the finishing 
temperature is the amount of shrinkage by cooling after leaving the rolls, 
The Philadelphia and Reading Railway Company’s specification for rails 
(1902) says, “‘ The temperature of the ingot or bloom shall be such that with 
rapid rolling and without holding before or in the finishing passes or subse- 
quently, and withoutartificial cooling after leaving the last pass, the distance 
between hot saws shall not exceed 30 ft. 6 in. for a 30-ft. rail.” 

. Fining the Grain by Annealing.—Steel which is coarse-grained 
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on account of leaving the rolls at too high a temperature may be made fine- 
grained and have its ductility greatly increased without lowering its tensile 
Strength by reheating to a cherry red and cooling at once in air. (See paper 
on “Steel Rails,” by Robert Job, Trans. A. I. M. E., 1902. ; 

Effect of Cold Rolling.—Cold rolling of iron and steel increases the 
elastic limit and the ultimate strength, and decreases the ductility. Major 
Wade's experiments on bars rolled and polished cold by Lauth’s process 
showed an average increase of load required to give a slight permanent set 
as follows: Transverse, 162%; torsion, 130%; compression, 161¢ on short 

_ columns 134 in. long, and 64% on columns 8 in. long; tension, 95%. The hard- 
ness, as measured by the weight required to produce equal indentations, 
was increased 50%; and it was found that the hardness was as great in the 
centre of the bars as elsewhere. Sir W. Fairbairn’s experiments showed an 
increase in ultimate tensile strength of 50%, and a reduction in the elongation 
in 10 in. from 2 in. or 204, to 0.79 in. or 7.9%. 

Hardening of Soft Steel.—A. E. Hunt (Trans. A. I. M. E., 1883, vol. 
xii), says that soft steel, no matter how low in carbon, will harden to a cer- 
tain extent upon being heated red-hot and plunged into water, and that it 
hardens more when plunged into brine and less when quenched in vil. 

An illustration was a heat of open-hearth steel of 0.15% carbon and 0.29¢ of 
manganese, which gave the following results upon test-pieces from the same 
34 in. thick plate. 

Maximum Elongation Reduction 
Load. in 8 in. of Area. 
Ibs. per sa in. Percent. Percent. 
55, 27 62 


Unhardened.... ....... 

Hardened in water..... 74,000 25 50 
4 Hardened in brine...... $4,000 22 48 

Hardened in oil......... 67,700 26 9 


Comparison of Tests of Full-size Eye-bars and Sample 
Test-pieces of Same Steel Used in the Memphis Bridge. 
(Geo, S. Morison, Trans. A. S.C. E., 1893.) 


Full-Siazed Eyebars, Sample Bars from Same Melts, . 
Sections 10” wide x 1 to 2 3/16” thick. about 1 in. area, 


“Reduc-| Elongation. |Blastic] Max. |Reduc-} Elon- | Elastic] Max. 
tionof |__| Limit, | Load, | tion, /gation, | Limit, | Load, 


Area, i in Sins, 
~ p.c. -}Inches.} p.c. jlbs. per|/sq. in. | p.c. p.c. |lbs. per}sq. in. 

eT sa aa Ae 
39.6 20.2 16.8 35,100 | 67,490 47.5 27.5 41,580 050 
- 39.7 26.6 8.2 | 37,680 | 70,160 52.6 24.4 42.650 75,620 
- 44.4 36.8 | ‘11.8 39,700 | 65,500 47.9 28.8 40,280 70,280 
> «88.5 38.5 17.3 33,140 | 65,060 47.5 27.5 41,580 73,050 
— 40.0 32.5 13.5 32,860 | 65,600 44.5 20.0 43,750 75,000 
* 89.4 | 36.8 | 15.3 | 31,110 | 61,060-| 42.7 |. 98.8 | 42210 | 69.780 
84.6 32.9 13.7 33,990 | 63,220 52.2 28.1 40,230 69,720 
> $2.6 13.0 13.5 | 29,330 63,100 48.3 28.8 38,090 1,300 
- 7.3 20.8 6.9 28,080 | 55,160 43.2 24.2 820 70,220 

38.1 28.9 14.1 29,670 | 62,140 59.6 26.3 40,200 71,080 
» 31.8 24.0 11.8 32,700 | 65,400 40.3 25.0 39,360 69,360 
48.6 39.4 19.3 30,500 | 58,870 40.3 25.0 |} 40,910 70,360 
10.3 11.8 12.3 33,360 | 73,550 51.5 25.5 40,410 69,900 

_ 44.6 | 82.0 | 15.7 | 32,520 | 60,710 | 43.6 | 27.0 | 40,400 | 70,490 
46.0 85.8 14.9 28,000 | 58,720 44.4 29.5 40,000 66,800 
» 41.8 23.5 13.1 32,290 | 62,270 42.8 21.3 40,530 72,240 
Soa At 2 7.1 15.1 29.970 | 58.680 45.7 27.0 40,610 3 


_ _ The average strength of the full-sized eye-bars was about 8000 lbs, per sq. 
5 in, or about 12%, less than that of the sample test-pieces. 
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TREATMENT OF STRUCTURAL STEEL, 


(James Christie, Trans, A. 8. C. E., 1893.) 


Effect of Punching and Shearing.—There is no doubt that steel 
of higher tensile strength than is now accepted for structural purposes 
should not be punched or sheared, or that the softer material may contain 
elements prejudicial to its use however treated, but especially if punched. 
But extensive evidence is on record indicating that steel of good quality, in 
bars of moderate thickness and below or not much exceeding 80,000 Ibs. 
tensile strength, is not any more, and frequently not as much, injured as 
wrought iron by the process of punching or shearing. { 

The physleal effects of punching and shearing as denoted by tensile test 
are for iron or steel: tg ke 

Reduction of ductility; elevation of tensile strength at elastic limit; redue- 
tion of ultimate tensile strength. 4 ; 

In very thin material the superficial disturbance described is less than in 
thick; in fact, a degree of thinness is reached where this disturbance prac- 
tically ceases. On the contrary, as thickness is increased the injury 
becomes more evident. ; 

The effects described do not invariably ensue; for unknown reasons there 
are sometimes marked deviations from what seems ta be a general result. 

By thoroughly annealing sheared or punched steels the ductility is to a 
large extent restored and the exaggerated elastic limit reduced, the change 
being modified by the temperature of reheating and the method of cooling. 

It is probable that the best results combined with least expenditure can 
be obtained by punching all holes where vital strains are not transferred by 
the rivets; and by reaming for important joints where strains on riveted 

joints are vital, or wherever perforation may reduce sections to a minimum. 

he reaming should be sufficient to thoroughly remove the material dis- 
turbed by punching; to accomplish this it is best to enlarge punched holes 
at least 1g in. diameter with the reamer, 

Kiveting.—It is the current practice to perforate holes 1/16 in. Janger 
than the rivet diameter. For work to be reamed it is also a usual require- 
ment to punch the holes from ¥ to 3/16 in, less than the finished diameter, 
the holes being reamed to the proper size after the various parts are 
assembled. 

It is also excellent practice to remove the sharp corner at both ends of 
the reamed holes, so that a fillet will be formed at the junction of the bodv 
and head of the finished rivets, 

The rivets of either iron or mild steel should be heated toa bright red or 

ellow heat and subjected to a pressure of not less than 50 tons per sauare 
inch of sectional area. 

For rivets of ordinary length this pressure has heen found sufficient to 
completely fill the hole. If, however, the holes and the rivets are excep- 
tionally long, a greater pressure and a slower movement of the closing tool 
than is used for shorter rivets has been found advantageous in compelling 
the more sluggish flow of the metal throughout the longer hole. 

cw eke tags o welding should be allowed on any steel that enters into 

structures, 

Upsetting.—Enlarged ends on tension bars for screw-threads, eyebars, 
etc., are formed by upsetting the material. With proper treatment and a 
sufficient increment of enlarged sectional area over the body of the bar the 

‘result is entirely satisfactory. The upsetting process should be performed 
a that the properly heated metal is compelled to flow without folding or 
apping. 

‘Annealing,—The object of annealing structural steel is for the purpose 
of securing homogeneity of structure that is supposed to be impaired by un- 
equal heating, or by the manipulation necessarily attendant on certain pro- 
cesses. The objects to be annealed should be heated throughout to a 
uniform temperature and uniformly cooled. 

The physical effects of annealing, as indicated by tensile tests, depend on 
the grade of steel, or the amount of hardening elements associated with it: 
also on the temperature to which the steel is raised, and the method or rate 
of cooling the heated material. 

The physical effects of annealing medium-grade steel, as indicated by ten- 
sile test, are reported very differently by different observers, some claiming 
directly opposite results from others, It is evident, when all the attendant 
conditions are considered, that the obtained results must Vary both in kind 
and degree, 
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The temperatures employed will vary from 1000° to 1500° F, ; possibly even 
a wider range is used. In some cases the heated steel is withdrawn at full 
temperature from the furnace and allowed to cool in the atmosphere ; in 
others the mass is removed from the furnace, but covered under a muffle, 
to lessen the free radiation; or, again, the charge is retained in the furnace, 
and the whole mass cooled with the furnace, and more slowly than by either 
of the other methods, . ; 

The best general results from annealing will probably be obtained by in- 
troducing the material into a uniformly-heated oven in which the tempera- 
‘ture is not so high as to cause a possibility of cracking by sudden and 
unequal changing of temperature, then gradually raising the temperature 
of the material until it is uniformly about 1200° F., then withdrawing the’ 
material after the temperature is somewhat reduced and cooling under 
shelter of a muffle, sufficiently to prevent too free and unequal cooling on 
the one hand or excessively slow cooling on the other. 

G. G. Mehrtens, Trans. A. S. C. BE. 1893, says: “ Annealing is of advantage 
to all steel above 64,000 Ibs. strength per square inch, but it is questionable 
whether it is necessary in softer steels. The distortions due to heating 
cause trouble in subsequent straightening, especially of thin plates, 

‘In a general way all unannealed mild steel for a strength of 56,000 to 
64,000 lbs. may be worked in the same way as wrought iron. Rough treat- 
ment or working at a blue heat must, however, be prohibited. Shearing is 
to be avoided, except to prepare rough plates, which should afterwards be 
smoothed by machine tools or files before using. Drifting is also to be 
avoided, because the edges of the holes are thereby strained beyond the 
yield point. Reaming drilled holes is not necessary, particularly when 
sharp drills are used and neat work is done. A slight countersinking of the 
edges of drilled holes is all that is necessary, Working the material while 
heated should be avoided as far as possible, and the engineer should bear 
this in mind when designing structures. Upsetting, cranking, and bending 
ought to be avoided, but when necessary the material should be annealed 
after completion. 

“ The riveting of a mild-steel rivet should be finished as quickly as pos- 
sible, before 1t cools to the dangerous heat. For this reason machine work 
is the best. There is a special advantage in machine work from the fact 
| that the pressure can be retained upon the rivet until it has cooled suffi. 
ciently to prevent elongation and the ES loosening of the rivet.”’ 

Punching and Drilling of Steel Plates. (Proc. Inst, M: E., 
Aug. 1887, p, 86,).—In Prof. Unwin’s report the results of the greater num- 
ber of the experiments made on iron and steel plates lead to the general 
conclusion that, while thin plates, even of steel, do not suffer very much 
from punching, yet in those of 14 in. thickness and upwards the loss of te- 
nacity due to punching ranges from 10% to 23% in iron plates and from 11% to 
32% in the case of mild steel. Mr. Parker found the loss of tenacity in steel 

lates to be as high as fully one third of the original strength of the plate. 
n drilled plates, on the contrary, there is no appreciable loss of strength, 
| dt is even possible to remove the bad effects of punching by subsequent 
Teaming or annealing, 
Working Steel at a Blue HMeat.—Not only are wrought iron and 
‘steel much more brittle at a blue heat (i.e., the heat that would produce an 
oxide coating ranging from light straw to blue on bright steel, 430° to 600° 
F.), but while they are probably not seriously affected by simple exposure 
to blueness, even if prolonged, yet if they be worked in this range of tem- 
perature they remain extremely brittle after cooling, and may indeed be 
more brittle than when at blueness : this last point, however, is not certain. 
(Howe, * Metallurgy of Steel,” p. 534.) 
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otherwise broken at tho joint which have not shown a smooth cleavage- 
plane, as it were, such as in iron would be condemned as an imperfect 
weld. My experience in this matter leads me to agree with the position 
taken by Mr. William Metealf in his paper upon Steel in the Trans. A. S. 
Cc. eee xvi., p. 301. Mr. Metcalf says, ‘‘I do not believe steel can be 
welded.” 

Gil-tempering and Annealing of Steel Forgings.—H. F. J. 
Porter says (1897) that all steel forgiugs above 0.1% carbon should be an- 
nealed, tc relieve them of forging and annealing strains, and that the 
process of pao reduces the elastic limit to 47% of the ultimate strength. 

_ Oil-tempering should only be practised on thin sections, and large forgings 

should be hollow for the purpose. This process raises the elasvie limit 
above 50% of the ultimate tensile strength, and in some alloys of steel, 
notably nickel steel, will bring it wp to 60% of the ultimate. 

Hfydraulic Forging of Steel, (See pages 618 and 619.) 


INFLUENCE OF ANNEALING UPON MAGNETIC 
CAPACITY, 


Prof. D. E. Hughes (Hng’g, Feb. 8, 1884, p. 130) has invented a “ Magnetic 
Balance,” for testing the condition of iron and steel, which consists chiefly of 
a delicate magnetic needle suspended over a graduated circular index, and 
a magnet coil for magnetizing the bar to be tested. He finds that the fol- 
lowing laws hold with every variety of iron and steel : 

1. The magnetic capacity is directly proportional to the softness, or mo- 
lecular freedom. 

2. The resistance to a feeble external magnetizing force is directly as the 
hardness, or molecular rigidity. 

The magnetic balance shows that annealing not only produces softness in 
iron, and consequent molecular freedom, but it entirely frees it from all 
strains previously introduced by drawing or hammering. Thus a bar of 
iron drawn or hammered has a peculiar structure, say a fibrous one, which 
piece a greater mechanical strength in one direction than another. his 

ar, if thoroughly annealed at high temperatures, becomes homogeneous in 
all directions, and has no longer even traces of its previous strains, provideu 
that there has been no actual separation into a distinct series of fibres. 


Effect of Annealing upon the Magnetic Capacity of 
Different Wires; Tests by the Magnetic Balance, 


Magnetic Capacity. 
Description, 


Bright as sent. Annealed. 


e deg. on scale. deg, on scale. 
Best Swedish charcoal iron, first variety. 230 525 


second ‘ 236 510 
“oe ee as “ third *e py 503 
Swedish Siemens-Martin iron.... ....... 165 480 
Puddled iron, best best............... 212 340 
Bessemer steel, soft.t. 2.06. ce.ee ce eeee 150 291 
as FEA Nandicgshimea ene unt sk 115 172 
Crucible fine cast steel........-......... 50 84 
‘ A Magnetic - 
Crucible Fine Steel. Tempered. | Capacity. 
Bright-yellow heat, cooled completely in cold water. ........ 28 
Yellow-red heat, cooled compietely in cold water...... a4 32 
Bright yellow, let down in cold water to straw color, 33 
‘ “ ow “ “ “ biue. 43 
3 ‘* cooled completely in oil ..... ae 51 
« “let down in water to wnite.................0.. 58 
Reheat, cooled completely In water.......... eebalivoaa te Maan 66 


oti. 
Annealed, ‘‘ & * oii 
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STANDARD SPECIFICATIONS FOR STEEL. 


The following specifications are abridged from those adopted Aug. 10, 
qp0ls py the American Section of the International Association for Testing 

aterials. 

Kinds of Steel Used for Different Purposes.—O, open- 
hearth; B, Bessemer; C, crucible. 

(1) Castings, 0, B; 6 (2) Agles, O. (3), rats s,O, B,C. (4) Tires, 
= 6 tn Gea 39) Rails, 0. B. (6) Splice-bars, © DS Structural Steel jor 
eae O, B. (8) Structural steel for ies O.. (9) Boiler-plate and 
rivei 


CHEMICAL REQUIREMENTS FOR THE ABOVE NINE CLASSES. 
(The minus sign after the figures means “‘or less.’’) 


1) Pon P, 0.08—; C, 0.40—; tested castings, P, 0.05—; me ae 05—. 
0.06—; S, 0. 06—. Nickel steel, Ni, 3.00 to 4.00; Py ris} 
—. (3) soft or low carbon, P, 0.10—; Ss, 0. 10 —; Class B ces vale. 
0.06—; 8, 0.06—. Classes C ‘and AU AG ra 6.04 — i8, 0.04=." (4) P, 0.05-; 

0.05 —; Mn, 0.80—; Si, 0.20+. (5) P, 0.10~;'Si, 0.20—; C/ a, 0.35 
0.45; b, 0.38 to 0.48; cx "0.40 to 0.50; d, 0.43 to 0'53: e, 0.45 to 0:55; Mn, 
0.70 to 1.00; ¢, 0.75 to 1.05; d,e, 0.80 to 1.10. {a, 50 to 59+ Ibs. per 
3 6, 60 to 69+ alae o 70 to 79 + Ibs. -; d, 80 to 89 + lbs.; e, 90 to 100 
(6) P, Prien. ; Mn, 0.30 to 0.60. (7) P, 0.10—. (8) acid, 
08—5 8, 0.06 — ; Cpanie. Pp 0.06—+ S,0.06—. (9) a, P, 0.06—; b,c, 
,0.04—; a, P,0 03—; a,b, 8, 0.05—; Mn, 0.30. to 0.60; c,d, e, 8,0: 04—; 
, 9.30 to 0.50. a flange or boiler steel, acid; b, do. basic; ca fire-box, 
souk d, do. basic; e, extra soft.] 

“Where the physical properties desired are clearly and properly specified, 
the chemistry of the steel, other than prescribing the limits of the injurious 
impurities, P and S, may in the present state of the art of making steel be 
safely left to the manufacturer.” 
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PHYSICAL REQUIREMENTS. 


(1) Castings subjected to peeeS tests. 


Quality. Hard. Medium, Soft. 

_ Tensile strength, lbs. per sq. in 85,000 70,000 60,000 
Aeld-point, lbs. per sq. in. 38,250 31,500 27,000 
Elongation, per cent in 2 i Gist gs ts ays 15 18 22 
Contr. of area, per cent,...........0.-20. 20 25 30 


The above are the minimum requirements. Test-piece } in. diam. Bend- 
ing test:' Specimen 1 X 14 ins. to bend cold around a diam. of 1 in. through 
120° for soft and 90° for medium castings. 

(2) Axles.—For car, engine-truck, and tender-truck axles no tensile 
test is required. For driving-axles, minimum requirements: T.S. 80,000; 
Y. P. 40,000 for carbon steel (a), 50,000 for nickel steel, 3 to 4 per cent 
Ni, oil-tempered or annealed (6). Elongation i in 2 ins., 18 per cent fora, 25 

pect eent for 6. Contraction of area, 45 per cent for b. Test-piece $4 in. 
am. 

Drop-test~-Not required for driving-axles. For other axles one axle 
from each melt to be tested on a standard R.R. drop-testing apparatus, with 
supports 3 ft. apart, tup 1640 ae , anvil 17,500 Ibs., supported on springs. 

The axle shall stand the number of blows named below without rupture and 
without exceeding at the first blow the deflection stated. It is to be turned 
over after the first, third, and fifth blows. 
Diam, of axle at centre, ins., 44 4g Ay 4g AE 5% 5% 
BNO. OL DIOWS \)o5 sao sfiedieeis' 5 5 5 5 5 5 7 
Height of drop, ft........... 24 26 284 31 34 43 43 
Deflection, ins.. . 8t 84 8t 8 *8 te 54 

(3) Steel For rorgings.— Classification: A, soft or low carbon; B, carbon 
steel, not annezle' do., annealed; D, do., vil-tempered; BE, nickel- steel, 
annealed; H,'do., oil-tempered. Sub- classes: a, solid or hollow forgings, 
diam. or thickness not over 10 ins. ; b, solid forgings, diam. not over 20. ins., 

or thickness of section not over 15 ins.; c, solid, over 20 ins. diam.; d, solid 


*The complete specifications may be found in book form in “American 
Standard Specifications for Steel,” by Albert Ladd Colby (Chemical Pub- 
lishing Co., Easton, Pa., 1902). 
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or sollow, diam. or thickness not over 3 ins.} e, do., not over 6 ins. Mini- 
mum requirements of test-piece 4 in, diameter, 2 ins. between gauge-marks: 
pe ea Baer LEE Ak SLE REP MPL I ase A ee ee” OSe eh een amr eas emesis 


Ten- . El. in El. in 

. - Elastic - Contr.,||7-; Vos Contr. 

Kind, sile rei 2 ins., |Kind.| T.8. | E, L/| 2 ins., 
St’gth. Limit. Per Ct,|P et Ct- Per Ct 


Aa | 58,000}29,000 Y.P.| 28 35 Da_ }|80,000} 45,000} 23 40 
Ba | 75,000)37,500 Y.P.| 18 30 Ea | 80,000} 50.000} 25 45 


Ca | 80,000}40,000 22 35 Eb | 80,000) 45,000) 25 45 
Cb | 75,000}37,500 23 35 Ee |80,000/ 45,000) 24 40 
Ce | 70,000/35,000 24 30 Fd | 95,000} 65,000} 21 50 
Dd | 90,000/55,000 20 45 Fe {90,000} 60,000} 22 50 
De | 85,000/50,000 22 45 Fa | 85,000} 55,000} 24 45 


The number and location of test specimens to be taken froma melt, blow, 
or forging depend upon its character and importance, and must therefore 
be regulated by individual cases. The yield-point (in steels A and B) shall 
he determined by observation of the drop of the beam or halt in the gauge of 
the testing-machine. The elastic limit shall be determined by means of an 
Sstensamnaier, and will be taken at that point where the proportionality 
changes. a 

Bending Test.—A specimen 1 X 14 ins. shall bend cold 180° without fracture 
~ pga of bent portion, as follows. The test may be made by bending or 

y blows. Me 
Around a diam. of ins...... q 14 14 1 1 4 1 ae 
Forkind ,.... Wialsiaiionsath B Ce Cab D E F § 


(4) Tires.—Physical requirements of test-piece $ in. diam.; Tires for a 
passenger engines: T.S., 100,000; El. in 2 ins., 12 per cent, _ Tires for freight — 
engines and car wheels: T.S., 110,000; El., 10 per cent. Tires for switching 
engines: T, S., 120,000; El., 8 per cent. es 

Drop-test.—If a drop-test is called for, a selected tire shall be placed verti- 
eally under the drop on a foundation at least 10 tons in weight and subjected 
to successive blows from a tup weighing 2240 Ibs. falling from increasing 
heights until the required deflection is obtained, without breaking or crack- * 
ing. The minimum deflection must equal D2 + (40T*+2D), D being inter- — 
nal diameter and 7 thickness of tire at centre of tread. : 

Bails.—One drop-test shall be made on a piece of rail not more than 
6 ft. long, selected from every fifth blow of steel. ‘The rail shall be placed 
head upwards on solid supports 3 ft. apart, which are part of, or firmly 
secured to, an anvil-block weighing at least 20,000 Ibs., and subjected to the Ss 
following impact tests. ’ al 
Weight of rails, lbs. per yd.45to55 55065 65to75 75 to 85 85to 100 a 
Height of aropitt Fs aie oe BS 16 17 18 19 | 

If any rail break when subjected to the drop-test, two additional tests 
will be made of other rails from the same blow of steel, and if either of these _ 
latter tests fail, all the rails of the blow which they represent will be rejected, 
antec tests meet the requirements, all the rails of the blow will be ac. 
cepted, 

(6) Splice-bars.—Tensile strength of a specimen cut from the head of ~ 
the bar, 54,000 to 64,000 lbs.; yield-point, 32,000 Ibs. Elongation in 8 ins., 
not less than 25 Nd cent. A test specimen cut from the head of the bar ti 
shall bend 180° flat on itself without fracture on the outside of the bent — 

ortion, If preferred, the bending test may be made on an unpunched splice- — 
ar, which shall be first. flattened and then bent. One tensile test and one” 
bending test to be made from each blow or melt of steel. Le 

(7) Structural Steel for Buildings, 


Class. Rivet-steel. | Mediura Steel. * 

Tensile strength, Ibs. per sq.in,......... 50,000-60,000 | 60,000-=70,000. © 
ield-point, not less than............... T.S. T.S.) 
Elongation in 8 ins., not less than.) | ||| 26 per cent. 22 per cent. = 


ee 
& 
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Modifications in elongation requirements: For each increase of $ in. in 
thickness above # in., a deduction of 1 per cent in the specified elongation. 
For each decrease of ?s in. in thickness below ys in., a deduction of 24 per 
cent. 

For pins the required elongation shall be 5 per cent less than that speci- 
fied, as determined on a test specimen the centre of which shall be 1 in. 
from the surface. 

Bending Tests.—Rivet-steel shall bend cold 180° flat on itself, and me- 
dium steel 180° around a diameter equal to the thickness of the specimen, 
without fracture on the outside of the bent portion. 

One tensile and one bending-test specimen shall be taken from the finished 
material of each melt or blow. 


(8) Structural Material for Bridges and Ships. 


Class. Rivet-steel. Soft Steel. Medium Steel. 


Tens, str., lbs. per sq. in..| 50,000-60,000 | 52,000-62,000 | 60,000-70,000 
Y.P., not less than...... Tiss T.S. T.S. 
_ El. in 8 ins. not less than.| 26 per cent. 25 percent, 22 per cent. 


Modifications in elongation: Same as in structural steel for buildings. 
Pyebars.—Full-sized tests: T. §. not less than 55,000 lbs.; El., 124 per 
| eent. in 15 ft. of the body. : 
Bending Tests.—Rivet and soft steel, 180° flat on itself, and medium steel 
ys0° around a diameter equal to the-thickness of the specimen, without 
fracture on the outside of the bent portion. 


(9) Boiler-plate and Rivet-steel. 


Flange- or ine be Stools Wxtra-soft 


re Class. Boiler-steel. Steel. 

bal. 8, lbs persq. inss. 4 §5,000-65,000 | 52,000-62,000 | 45,000-55,000 

_ ¥. P., not less than..... *T.8. + T.S8. +7. 8. 
El. in 8 ins. not less than| 25 per cent. 26 per cent. 28 per cent. 


Modifications in elongation requirements for thin and thick material same 
as in structural steel for buildings. : 

Bending Tests —A specimen cut from the rolled material, both before and 
‘after quenching, shall bend cold 180° flat on itself without fracture on the 
outside of the Dank portion. For the quenched test the specimen shall be 
heated to a light cherry-red as seen in the dark and quenched in water of a 
temperature between 80° and 90° F. Number of test-pieces: One tensile, 
| one cold-bending, and one quenched-bending specimen will be furnished 
> from each plate as it is rolled, and two specimens for each kind of test from 
‘each melt of rivet-rounds. i : 
| — Homogeneity Test for: Fire-boxr Steel—This test is made on one of the 

- broken tensile-test, specimens, as follows: | 3 
A portion of the test-piece is nicked with a chisel, or grooved on a ma- 
- chine, transversely about a sixteenth of an inch deep, in three places about 
2in. apart. The first groove should be made on one side, 2 in, from the 
} ‘square end of the piece; the second, 2 in. from it on the opposite side; and 
the third, 2 in. from the last, and on the opposite side from it. The test- 
piece is then put in a vise, with the first groove about }in. above the jaws, _ 
care being taken to hold it firmly. The projecting end of the test-piece is 
then broken off by means of a hammer, a number of light blows being used, 
and the bending being away from the groove. The piece is broken at the 
‘other two grooves in the same way. The object of this treatment is to open 
- and render visible to the eye any seams due to failure to weld up, or to 
7 foreign interposed matter, or cavities due to gas bubbles in the ingot. After 
rupture, one side of each fracture is examined, a pocket lens being used if 
| necessary, and the length of the seams and cavities is determined. ‘The 
| sample shall not show any single seam or cavity more than 4 in. long in 

either of the three fractures. 
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VARIOUS SPECIFICATIONS FOR STEEL. 


Structural Steel,—There has been achange during the ten years from 
1880 to 1890, in the opinions of engineers, as to the requirements in specifica~ 
tions for structural steel, in the direction of 2 preference for metal of low 
tensiie strength and great ductility. The following specifications of differ- 
ent dates are given by A. E, Hunt and G. H. Clapp, Trans. A. I. M. EB, 1890, 
xix, 926: 


TENSION MemBERs. 1879, 1881, 1882. 1885. 1887. 1888. 


Elastic limit...... s+++++ 50,000 40@45,000 40.000 40,000 40,000 38,000 
Tensile strength. . ++. 80,000 70@80,000 70,000 70,000 67@,75,000 63@70,000 
Elongation in 8 in. » 12% 18% 18% 18% 20% 22% 
Reduction of area....... 20%- 30% 45% 42% 426 45% 

F. H. Lewis (Lon Age, Nov. 3, 1892) says: Regarding steel to be used under 
the same conditions as wrought iron, that is, to be punched without ream- 
ing, there seems to be a decided opinion (and a growing one) among engi- 
neers, that it is not safe to use steel in this way, when the ultimate tensile 
strength is above 65,000 lbs. The reason for this is, not so much because 
there is any marked change in the material of this grade, but because all 
steel, especially Bessemer steel, has a tendency to segregations of carbon 
and phosphorus, producing places in the metal which are harder than they 
normally should be. As long as the percentages of carbon and phosphorus 
are kept low, the effect of these Segregations is inconsiderable; but when 
these percentages are increased, the existence of these hard spots in the 
metal becomes more marked, and it is therefore less adapted to the treat- 
ment to which wrought iron is subjected. 

There is a wide consensus of opinion that at an ultimate of 64,000 to 65,000 
fbs. the percentages of carbon and phosphorus (which are the two harden- 
Ing elements) reach a bee where the steel has a tendency to. become tender, 
and to crack when subjected to rough trextment. 

A grade of steel, therefore, running in ultimate strength from 54,000 to 
62,000 Ibs., or in some cases to 64,000 Ibs., is now generally considered 2 
proper material for this class of work. 

A. E. Hunt, Trans. A. I, M. E, 1892, says: Why should the tests for steel 
be so much more rigid than for iron destined fov the same purpose? Some 
of the reasons are as follows: Experience shows that the acceptable quali- 
ties of one melt of steel offer no absolute guarantee that the next melt to if, 
even though made of the same stock, will be equally satisfactory. 

Again, good wrought iron, in plates and angles, has a narrow range (from 
25,000 to 27,000 lbs.) in elastic limit per square inch, and a tensile strength of 
from 46,000 to 52,000 lbs. per square inch; whereas for steel the range in 
elastic limit is from 27,000 to 80,000 Ibs., and in tensile strength from 48,000 to 
220,000 lbs. per square inch, with corresponding variations in ductility. 
Moreover, steel is much more susceptible than wrougi:’ iron to widely vary: 
ing effects of treatment, by hardening, cold-rolling, or overheating, 

It is now almost universally recognized that soft steel, if properly made 
and of good quality, is for many purposes a safe and satisfactory substitute 
for wrought iron, being capable of standing the same shop-treatmens as 
wrought iron. But the conviction is equally general, that poor steel, or an 
unsuitable grade of steel, is a very dangerous substitute for wrought iron 
even under the same unit strains. 

For this reason it is advisable to make more rigid requirements in select- 
ing material which may range between the brittleness of glass and a duc- ~ 
tility greater than that of wrought iron. 5 

Boiler, Ship, and Vani #iates,—Different Specifications are the , 
following (1889) : 

Unitea States Navy.—Shell: Tensile strength, 58,000 to 67,000 lbs. per sq. 
in.; elongation, 22% in 8-in. transverse section, 25% in 8-in. longitudinalsection. 

Flange: Tensile strength, 50,000 to 58,000 lbs.; elonzation. 26% in 8 inches, 

Chemical requirements: P. not over .035% ; S. not over 040%. 

Cold-bending test : Specimen to stand being bent flat on itself. 

Quenching test: Steel heated to cherry-red, plunged in water 82° F.. and 
to be bent around curve 144 times thickness of the plate, 

British Admiralty.—Tensile strength, 58,240 to 67,200 Ibs.: elongation ig 
8in., 20% ; same cold-bending and quenching tests as U. S. Navy. 

American Boiler-makers’ Association.—Tensile strength, 55,000 to 65,000 
Ibs.; elongation in 8 in., 20% for plates $6 in. thick and under ; 22% for plates 
56 in. to $4 in. ; 25% for plates 34 in. and over. “h 
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Cold-bending test: For plates 14 in. thick and under, specimen must bend 
back on itself without fracture; for plates over 14 in. thick, specimen must 
ween, bending 180° around a mandril 144 times the thickness of the 
plate. 

Chemical requirements: P not over .040%; S not over .030%. 

American Shipmasters’ Association.—Tensile strength, 62,000 to 72,000 


‘Ibs.; elongation, 16% on pieces 9 in, long. 


Strips cut from plates, heated to a low red and cooled in water the tem- 
perature of which is 82° F.,to undergo without crack or fracture being 
doubled over a curve the diameter of which does not exceed three times the 
thickness of the piece tested. 

Steel Plate Used in the Construction of Cars, (Penna, R. R., 
1899,*)—The material desired has the following cumposition; C, 0.12; Mn, 0,35; 
Si, 0.05; P, not above 0.04; S, not above 0.03, It will be rejected if P ex- 
ceeds 0,05, or if it shows a tensile strength below 52,000 or above 62,000 lbs. 
per sq. in., or if the Perentace of elongation in § ins, is less than the 
quotient of 1,500,000 + the tensile strength. 

Steel Billets for Main and Parallel Rods, (Penna. R.R., 1893.) 
—One billet from each lot of 25 billets or smaller shipment of steel for main 
or parallel rods for locomotives will have a piece drawn from it under the 
hammer and a test-section will be turned down on this piece to 5 in. in 
diameter and 2 in. long. Such test-piece should show a tensile strength of 
85,000 lbs. and an elongation of 15%. 

No lot will be acceptable if the test shows less than 80,000 lbs. tensile 
strength or 12% elongation in 2 in, : 

Bar Spring Steel. (Penna. R. R., 1901.)—Bars which vary more than 
0.01 in. in thickness, or more than 0.02 in. in width, from the size ordered, or 
which break where they are not nicked, or which, when properly nicked 
and held, fail to break square across where they are nicked, will be returned. 
The metal desired has the following composition: Carbon, 1.00%; manganese, 
0.25%; phosphorus, not over 0.03%; silicon, not over 0.15%; sulphur, not over 
0.03%; copper, not over 0.03%. 

Shipments will not be accepted which show on analysis less than 0.90% or 
over 1.10% of carbon, or over 0.50% of manganese, 0.05% of phosphorus, 0.25% 
of silicon, 0.05% of sulphur, and 0.05% of copper. 

Steel for Crank=-pims. (Peuna. RB. R., 1897.)—The metal desired has 
the following composition : C, 0,45; Mn, not above 0.60; Si, not above 0,05; 
P, not above 0.03; S, not above 0.04. The tensile strength should be 85,000 
Ibs. per sq. in., and the elongation 18% in 8in. Borings for analysis will be 
taken from one axle out of 1 lot of 51. They will be drilied parallel with the 
axis w.ch a 5-in. drill, starting from a punch-march located on the end, 40 
per cent of the distance from the centre to the circumference. Two pieces 
from this pin will also be tested physically. The lot will be rejected if the 
P is above 0,05%, or if either test-piece shows less than 80,000 lbs. or above 
95,000 lbs. T. 8., less than 12% elongation, or if the T.S. of the two test- 
pieces differs more than 5,000 lbs. or the elongation more than 5%. 

Dr. Chas. B. Dudley, chemist of the P. R. R. (Trans. A. I. M. E. 1892), re- 
ferring to tests of crank-pins, says: In testing a recent shipment, the piece 
from one side of the pin showed 88,000 lbs. strength and 22% elongation, and 
the piece from the opposite side showed 106,000 lbs. strength and 14% elonga- 
tion. Each piece was above the specified strength and ductility, but the 
lack of_uniformity between the two sides of the pin was so marked that it’ 
was finally determined not to put the lot of 50 pins in use, To guard against - 
trouble of this sort in future, the specifications are to be amended to require 
that the difference in ultimate strength of the two specimens suall not be 
more than 3000 Ibs. oe 

Steel Rivets. (H. C. Torrance, Amer. Boiler Mfrs. Assn., 1890.)—The 
Government requirements for the rivets used in boilers of the cruisers built 
in 1890 are: For longitudinal seams, 58,000 to 67,000 lbs. tensile strength; 
elongation, not less than 26% in 8 in., and all others a tensile strength of 
5,000 to 58,000 lbs., with an elongation of not less than 30%. They shall be 
capable of being flattened out cold under the hammer to a thickness of one 


E half the diameter, and of being flattened out hot to a thickness of one third 


* The Penna, R. R. specifications of the several dates given are still in 
force, July, 1902, 
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the diameter without showing cracks or flaws. The steel must not contain 
more than .035 of 1% of phosphorus, nor more than .04 of 1% of sulphrr. 
. A lot of 20 successive tests of rivet steel of the low tensile strength quality 
and 12 tests of the higher tensile strength gave the following results: 
Low Steel. Higher. 
Tensile strength, Ibs. per sq. in... 51,230 to 54,100 59,100 to 61,850 
Elastic limit, lbs. per sq. in........ 81,050 to 83,190 32,080 to 33,070 


Elongation in 8 in., per cent....... 30.5 to 35.25 28.5 to 81,05 
Carbon, per cent............. Bei -11 to .14 16 to .18 
Phosphorus ... ........ ay .027 to .029 08 
SHEP ae oi: scroiss sina tia Seas Teme .033 to .035 033 to .035 


The safest steel rivets are those of the lowest tensile strength, since they 
are the least liable to become hardened and fracture by hammering, or to 
break from repeated concussivé and vibratory strains to which they are 
subjected in practice. For calculations of the strength of riveted joints the 
tensile strength may be taken as the average of the figures above given, or 
52,665 lbs., and the shearing strength at 45,000 Ibs. per sq. in. 


MISCELLANEOUS NOTES ON STEEL, 


May Carbon be Burned Out of Steel ?—Experiments made at 
the Laboratory of the Penna. Railroad Co, (Specifications for Springs, 1888) 
with the steel of spiral springs, show that the place from which the borings 
are taken for analysis has a very important influence on the amount of car- 
bon found. If the sample is a piece of the round bar, and the borings are 
taken fron: the end of this piece, the carbon is always higher than if the 
borings are taken from the side of the piece. It is common to find a differ- 
ence of 0.10% between the centre and side of the bar, and in some cases the 
Cifference is as high as 0.28%. Furthermore, experiments made with samples 
taken from the drawn out end of the bar show, usually, less carbon than 
samples taken from the round part of the bar, even though the borings may 
be taken out of the side in both cases. 

Apparently during the process of reducing the metal from the ingots to the 
pound pat with successive heatings, the carbon in the outside of the bar is 
burned out. 

8 Reealescence®? of Steel.—If we heat a bar of copper by a flame 
of constant sirength, and note carefully the interval of time occupied in 
passing from each degree to the next higher degree, we find that these ine 
tervals incrvase regularly, ie., that the bar heats more and more slowly, as 
its temperature approaches that of the flame. If we substitute a bar of 
steel for one of copper, we find that these intervals increase regularly up to 
a certain point, when the rise of temperature is suddenly and in most cases 
greatly retarded or even completely arrested. After this the regular rise of 
temperature is resumed, though other like retardations may recur as the 
temperature rises farther, So if we cool a bar of steel slowly the fall of 
temperature is greatly retarded when it reaches a certain point in dull red- 
ness. If the steel contains much carbon, and if certain favoring conditions 
be maintained, the temperature, after descending regularly, suddenly rises 
spontaneously very abruptly, remains stationary a while, and then rede= 
scends, This spontaneous reheating is known as “‘ recalescence,”” 

These retardations indicate that some change which absorbs or evolves 
heat occurs within the metal. A retardation while the temperature is rising 
points to a change which absorbs heat; a retardation durin: cooling points 
to some change which evolves heat. (Henry M. Howe, on “ Heat Treatment 
of Steel,” Trans. A. I. M. E., vol. xxii.) 

Effect of Nicking a Steel Bar.—The statement is sometimes made 
that, owing to the homogeneity of steel, a bar with a surface erack or nick 
in one of its edges is liable to fail by the gradual spreading of the nick, and 
thus break under a very much smaller load than a sound bar. With iron it 
is contended this does not oceur, as this metal has a fibrous structure. Sir 
Benjamin Baker has, however, shown that this theory. at least so far as 
statical stress is concerned, is opposed to the facts, as he purposely made 
nicks in specimens of the mild steel used at the Forth Bridge, but found 
that the tensile strength of the whole was thus reduced by only about one 
ton per square inch of section. In an experiment by the Union Bridge Com- 
pany a full-sized steel counter-bar, with a screw-turned buckle connection, 
was tested under a heavy statical stress, and at the same timea weight 
weighing 1040 lbs. was allowed to drop on it from various heights. The bar 
was first broken by ordinary statical strain, and showed a breaking stress of 
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66,800 Ibs. per square inch. The longer of the broken parts was then placed 
in the machine and put under the following loads, whilst a weight, as already 
mentioned, was dropped on it from various heights at a distance of five 
feet from the sleeve-nut of the turn-buckle, as shown below: 


Stress in pounds per sq. in.... . 50,000 55,000 60,000 63,000 65,000 
ft.in, |. ft.in, . ftjin,  ft.ing ft,in. 
Height of fall, 0c sence de 6000 Bree ee 2 6 3 0 40 5 0 
The weight was then shifted so as to fall directly on the sleeve-nut, and 
the test proceeded as follows: 


Stress on specimen in lbs. per square-inch...... 65,350 65,350 68,800 
Foighy OL TAIL, fechas uece ne cosas eae nen 3 6 6 


It will be seen that under this trial the bar carried more than-when origi- 
nally tested statically, showing that the nicking of the bar by screwing 
had not appreciably weakened its power of resisting shocks.—Eng’g News. 

Electric Conductivity of Stcel.—Louis Campredon reports in Le 
Genie Civil RyFig® to 1895] the results of experiments on the electric resist- 
ance of steel wires jof different composition, ranging from 0.09 to 0.14 C; 
0.21 to 0.54 Mn; Si, 8, and Plow. The figures show that the purer an 

~ softer the steel the better is its electric conductivity, and, furthermore, that 
manganese is the element which most influences the conductivity, The 
results may be expressed ay the formula R=5.24+6.2S+0.3; in which R= 
relative resistance, copper being taken as 1, and S =the sum of the percent- 
ages of C, P, S, Si, and Mn. ‘he conclusions are confirmed by J. A. Capp, 
ia 1903, Trans. A. I. M, E., vol. xxxiv, who made forty-five experiments on 
steel of a wide range of composition. His results may be expressed by the 
formula R=5.5+4S+1. High manganese increases the resistance at an 
increasing rate. Mr. Capp PEGpOnS the following specification for steel to 
make a satisfactory third rail, having a resistance eight times that of 
copper: O, 0.15; Mn, 0.30; P, 0.06; S, 0.06; Si, 0.05; none of these figures 
to be exceeded. i A 

Specific Gravity of Soft Steel. (W. Kent, Trans. A. I. M. E., xiv. 

585.)—Five specimens of boiler-plate of C, 0.14, P, 0.03 gave an average sp. 

_ gr. of 7.932, maximum variation 0,008. The pieces were first planed to re- 
‘move all possible ‘scale indentations, then filed smooth, then cleaned in 
dilute sulphuric acid, and then boiled in distilled water, to remove all traces 
of air from the surface. 

The figures of specific gravity thus obtained by careful experiment on 
bright, smooth pieces of steel are, however, too high for use in determining 
the weights of rolled plates for commegcial purposes. The actual average 
thickness of these plates is always a little less than is shown by the calipers, 
on account of the oxide of iron on the surface, and because the surface is 
not perfectly smooth and regular. A number of experiments on commercial 
piates. and comparison of other authorities, led to the figure 7.854 as the 
average specific gravity of open-hearth boiler-plate steel. This figure is 
easily remembered as being the same figure with change of position of the 
decimal point (.7854) which expresses the relation of the area of a circle to 
that of its circumscribed square. Taking the weight of a cubic foot of water 
at 62° F, as 62.36 Ibs. (average of several authorities), this figure gives 489.775 
Ibs. as the weight of a cubic foot of steel, or the even pure, 490 lbs,, may be 
taken as a convenient figure, and accurate within the limits of the error of 
observation. vy 

A common method of approximating the weight of iron plates is to con- 
sider them to weigh 40 lbs. per square foot one incb thick. Taking this 
weight and adding 2% gives almost exactly the weight of steel boiler-plate 
given above (40 X 12 X 1.02 = 489.6 lbs. per cubic foot), 

Occasional Failures of Bessemer Steel.—G.-H. Clapp and A, 
E. Hunt, in their paper on ‘* The Inspection of Materials of Construction in 


404 STEEL. 


the United States ” (Trans. A. I. M. E., vol. xix), say: Numerous instances 
could be cited to show the unreliability of Bessemer steel for structural pur- 
poses. One of the most marked, however, was the following: A 12-in. 1-beam 
weighing 30 lbs. to the foot, 20 feet long, on being unloaded from a car 
broke in two about 6 feet from one end. 

The analyses and tensile tests made do not show any cause for the failure. 

The cold and quench bending tests of both the a lao 34-in. round test- 
pieces, and of pieces cut from the finished material, gave satisfactory re- 
sults; the cold-bending tests closing down on themselves without sign of 
fracture. 

Numerous other cases of angles and plates that were so nard in piaces as 
to break off short in punching, or, what was worse, to break the punches, 
have come under our observation, and although makers of Bessemer steel 
claim that this is just as likely to occur in open-hearth as in Besseme: steel, 
we have as yet never seen an instance of failure of this kind in open-hearth 
steel having a composition such as C 0.25%, Mn 0.70%, P 0.80. 

J. W. Wailes, in a paper read before the Chemical Section of the British 
Association for the Advancement of Science, in speaking of mysterious 
failures of steel, states that investigation shows that ‘‘ these failures occur 
in steel of one class, viz., soft steel made by the Bessemer process,” 

Segregation im Steel Ingots, (A. Pourcel, Trans. A. I, M. EB. 1898.5 
—H. M. Howe, in his ‘* Metallurgy of Steel,” gives a résumé of observations. 
with the results of numerous analyses, bearing upon the phenomena of seg. 
regation. 

188! Mr. Stubbs, of Manchester, showed the heterogeneous results of 
analyses made upon different parts of an ingot of large section. 

A test-piece taken 24 inches from the head of the ingot 7.5 feet in length 

ave by analysis very different results from those of a test-piece taken 30 
inches from the bottom. 


C. Mn. Si. Ss. Pi 
MOperee cen eerdent! O98 0.585 0.043 0.161 0.261 
Bottom............- 0.37 0.498 0.006 0.025 0.096 


Windsor Richards says he had often observed in test-pieces taken from 
different points of one plate variations of 0.05% of carbon. Segregation is 
specially pronounced in an ingot in its central portion, and around the 
space of the piping. i 

It is most observable in large ingots, but in blocks of smaller weight and 
limited dimensions, subjected to the influence of solidification as rapid as 
casting within thick walls will permit, it may still be observed distinetly. 
An ingot of Martin steel, weighing about 1000 Ibs., and having a height of 
1.10 feet and a section of 10.24 inches square, pase the following: 

F e 


1._ Upper section: Cc. x Mn. 
WONUGL: 5: feiclepiocrempiiaseicczms: ise oOo 0.040 0.033 0.420 
Centre........ si SQUas Rete peninl selon 0,077 0.057 0.430 

2. Lower section: Cc 8. 


fa s i Mn. 
SONG GIs aie nin sisneipinie visien spiced Oneou 0.029 0.016 0.390 
QENUG ran cnatac cseilespecisemccas (Occon 0.030 0,038 0.390 
8. Middle section: Cc. Ss. e Mn. 
BOMAOR <<< cucncsene sasiscissemisn(Osne0, 0.025 0.025 0.400 
OUETEAS swiss neicicahectonntabc nes 0.320 0.048 0.048 0.40¢ 


Segregation is less marked in ingots of extra-soft metal cast in cast-iron 
moulds of considerable thickness. It is, however, still important, and ex- 

lains the difference often shown by the results of tests on pieces taken 
Sec different portions of a plate. Two samples, taken from the sound part 
of a flat ingot, one on the outside and the other in the centre, 7.9 inches from 
the upper edge, gave; 


C. Ss. P: Mn, 
COntTes sas sis snnasdeseusisdodeo rich (O.d4 0.058 0.072 0.576 
PUKUCKION, cuit ieuis cislcbis ccs eeiciene) uO. At 0.086 0.027 0.610 


pineerene is the element most uniformly disseminated in hard or soft 
steel. ‘ 
For cannon of large calibre, if we reject, in addition to the part cast in 
sand and called the masselotte (sinking-head), one third of the upper part 
of the ingot, we can obtain a tube practically homogeneous in composition, 
because the central part is naturally removed by the boring of the tube. 
With extra-soft steels, destined for ship- or boiler-plates, the solution fos 
practically perfect homogeneity lies in the obtaining of a metal more closely 
deserving its name of 3xtra-soft metal, 


af 
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The injurious consequences of segregation must be suppressed by reduc- 
ing. as far as possible, the elements subject to liquation. 

Earliest Uses of Steel for Structural Purposes. (G. G. 
Mehrtens, Trans. A. 8. C. E. 1893).—The Pennsylvania Railroad Company 
first introduced Bessemer steel in America in locomotive boilers in the year 
1863, but the steel was too hard and brittle for such use. The first plates 
made for steel boilers had a tenacity of 85,000 to 92,000 lbs. and an elongation 
of but 7% to 10%. The results were not favorable, and the steel works were 
soon forced to offer a material of less tenacity and more ductility. The re- 
quirements were therefore reduced to a tenacity of 78,000 lbs. or less, and 
the elongation was increased to 15% or more. The use of Bessemer steel in 
bridge-building was tried first on the Dutch State railways in 1863-64, then 
in England and Austria. The first use of cast steel for bridges was in 
America, for the St, Louis Arch Bridge and for the wire of the Kast River 
Bridge. Before 1880 the Glasgow and Plattsmouth bridges over the Missouri 
River were also built of ingot metal. Steel eyebars were applied for the first 
time in the Glasgow Bridge. Since 1880 the introduction of mild steel in 
all kinds of engineering structures has steadily increased. 

Messrs. Joseph Adamson & Co., of Hyde, England, in a letter to the author 
say: ‘The first steel for boiler purposes was used for a locomotive firebox 
sent to Africa in 1858, The first steel steamships were built in Liverpool for 
‘blockade-running ’ during the American Civil War about 1862, and at least 
5000 tons of Bessemer steel plates were rolled at Penistone by Benson, 
Adamson & Garnett for this purpose. The first Bessemer steel boilers were 
made in this neighborhood in 1858. Drilling the rivet-holes was adopted in 
1859. Some of these boilers built in 1862 worked 29 years night and day. We 
have lost trace of these boilers now, but we know that after working this 
length of time they were found good enough to be worth resetting and were 
set to work again foratime. Between 1870 and 1880 about 2000 steel land 
boilers were working in this country. The pressures ranged up to 150 lbs.” 


STEEL CASTINGS. 
(E. 8. Cramp, Engineering Congress, Dept. of Marine Eng’g, Chicago, 1898.) 


, In 1891 American steel-founders had successfully produced a considerable 
variety of heavy and difficult castings, of which the following are the most 
noteworthy specimens: 

Bed-plates up to 24,000 Ibs.; stern-posts up to 54,000 Ibs.; stems up to 
21,000 Ibs.; hydraulic cylinders up to 11,000 lbs. ; shaft-struts up to 32,000 Ibs. ; 
hawse-pipes up to 7500 Ibs.; stern-pipes up to 8000 Ibs. 

The percentage of success in these classes of castings since 1890 has ranged 
from 65% in the more difficult forms to 90% in the simpler ones; the tensile 
strength has been from 62,000 to 78,000 Ibs., elongation from 15% to 25%. The 
best performance recorded is that of a guide, cast in January, 1893, which 
developed 84,000 Ibs. tensile strength and 15.6% elongation. 

The first steel castings of which anything is generally known were 
crossing-frogs made for the Philadelphia & Reading R. R. in July, 1867, by 
the William Butcher Steel Works, now the Midvale Steel Co. The moulds 
were made of a mixture of ground fire-brick, black-lead crucible-pots 
ground fine, and fire-clay, and washed with a black-lead wash. The steel 
was melted in crucibles, and was about as hard as tool steel. The surface 
of these castings was very smooth, but the interior was very much honey- 
combed. This was before the days when the use of silicon was known for 
solidifying steel. The sponginess, which was almost universal, was a great 
obstacle to their general adoption. 

The next step was to leave the ground pots out of the moulding mixture 
and to wash the mould with finely ground fire-brick. This was a great im- - 
provement, especially in very heavy castings; but this mixfure still clung so 
strongly to the casting that only comparatively simple shapes could be made 
with certainty. A mould made of such a mixture became almost as hard as 
fire-brick, and was such an obstacle to the proper shrinkage of castings, 
that. when at all complicated in shape, they had so great a tendency to 
- erack as to make their successful manufacture almost impossible. By this 
time the use of silicon had been discovered, and the only obstacle in the wa: 

' of making good castings was a suitable moulding mixture, This was ulti- 
mately found in mixtures having the various kinds of silica sand as the 
principal constituent. 

One of the most fertile sources of defects in castings is a bad design. 
Very intricate shapes can be cast successfully if they are so designed as to 
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cooi uniformly, Mr. Cramp says while he is not yet prepared to state that 
anything that can be cast successfully in iron can be cast in steel, indica- 
tions seem to point that way in all cases where it is possible to put on suit- 
able sinking-heads for feeding the casting. 

H. L. Gantt (Trans. A. S. M. E., xii. 710) says: Steel castings not only 
shrink much more than iron ones, but with less regularity. The amount of 
shrinkage varies with the composition and the heat of the metal; the hotter 
the metal the greater the shrinkage; and, as we get smoother castings from 
hot metal, it is better to make allowance for large shrinkage and pour the 
metal as hot as possible. Allow 38/16 or 4 in. per ft. in length 
for shrinkage, and }4 in. for finish on machined surfaces, except such as are 
east ‘‘up.”” Cope surfaces which are to be machined should, in Jarge or 
hard castings, have an allowance of from 3¢ to 1 in. for finish, as a large 
mass of metal slowly rising ina mould is apt to become crusty on the sur- 
face, and such a crust is sure to be full of imperfections. On small, soft 

‘castings 14 in. on drag sideand ¥Y in. on cope side will be sufficient. No eere 
should have less than 44 in. finish on a side and very large ones should have 
as much as gin. ona side. Blow-holes can be entirely prevented in cast- 
ings by the addition of manganese and silicon in sufficient quantities; but 
both of these cause brittleness, and it is the object of the conscientious steel- 
maker to pub no more manganese and silicon in his steel than is just suffi- 
cient to make it solid. The best results are arrived at when all portions of 
the castings are of a uniform thickness, or very nearly so, P 

The following table will illustrate the effect of annealing on tensile. 
atrength and elongation of steel castings; 


Unannealed, Annealed, 
Carbon, 
‘| Tensile Strength.| Elongation. | Tensile Strength.| Elongation. 
23% 68,738 22.40% 67,210 31.40% 
37 85,540 8.20 82,228 21.80 
58 90,121 2.85 106,415 9.80 


The proper annealing of large castings takes nearly a week. 

The proper steel for roll pinions, hammer dies, etc., seems to be that con- 
taining about .60% of carbon. Such castings, properly annealed, have worn 
well and seldom broken. Miscellaneous pearne should contain carbon .40% 
to 60%, gears larger in diameter being softest. General machiner castings 
should, as a rule, contain less than .40% of carbon, those bi to great 
shocks containing as low at .20% of carbon. Such castings will give a tensile 
strength of from 60,000 to 80,000 Ibs. per a in. and at least 15% extension in 
a2in. long specimen, Machinery and hull castings for war-vessels for the 
Gales oe 3 Navy, as well as carriages for naval guns, contain from .20% to 
.380% of carbon, 


The following is a partial list of castings in which steel seems to be 


rapidly taking the place of iron: Hydraulic cylinders, crossheads and pistons 
for large engines, roughing rolls, rolling-mill spindles, coupling-boxes, roll 
pinions, gearing, hammer-heads and dies, riveter stakes, castings for ships, 
ear-couplers, ete. 

Yor description of methods of manufacture of steel castings by the Besse- 


mer, open-hearth, and crucible processes, see paper by P. G. Salom, Trans. © 


A. IM. E. xiv, 118. 

Specifications for steel castings issued by the U. 8. Navy Department, 1889 
(abridged): Steel for castings must be made by either the open-hearth or 
the crucible process, and must not show more than .06% of phosphorus. All 
castings must be annealed, unless otherwise directed. The tensile strength 
of steel castings shall be at least 60,000 lbs., with an elongation of at least 
15% in 8 in. for all castings for moving parts of the machinery, and at least 
10% in 8 in. for other castings. Bars 1 in. sq. shall be capable of bending 
cold, without fracture, through an angle of 90°, over a radius not greater 
than 114 in. All castings must be sound, free from injurious roughness, 
sponginess, pitting, shrinkage, or other cracks, cavities, ete. 

Pennsylvania Railroad specifications, 1888: Steel castings should have a 
tensile strength of 70,000 Ibs. per sq. in. and an elongation of 15% in section 
originally 2 in, long, Steel castings will not be accepted if tensile strength 
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- falls below 60,000 Ibs., nor if the elongation is less than 12%, nor if cast- 
ings have blow-holes and shrinkage cracks. Castings weighing 80 Ibs. or 
more must have cast with them a strip to be used as a test-piece. The di- 
mensions of this strip must be 34 in. sq. by 12 in, long. 


MANGANESE, NICKEL, AND OTHER “ALLOY” 

2 STEELS, 

-Mamngamese Steel. (H. M. Howe, Trans. A. 8. M. E., vol. xii.)—Man- 
ganese sieelis au alloy of iron and manganese, incidentally, and probably 
unavoidably, containing a considerable proportion of carbon. 

The effect of small proportions of manganese on the hardness, strength, 
and ductility «f iron is probably slight. The point at which manganese 
begins to have a predominant effect is not known: it may be somewhere 
about 2.5%. As the proportion of manganese rises above 2.5% the. strength 
and ductility diminish, while the hardness increases. This effect reaches a 
maximum with somewhere about. 6% of manganese. When the proportion 
of this element rises beyond 6% the strength and ductility both increase. 
while the hardness diminishes slightly, the maxinium of both strength and 
ductility being reached with about 14% of manganese. With this proportion 
the metal is still so hard that it is very difficult to cut it with steel tools, As 
the proportion of manganese rises above 15% the ductility falls off abruptly, 
the strength remaining nearly constant till the manganese passes 18%, when 
it in turn diminishes suddenly, 

Steel containing from 4% to 6.5% of manganese, even if it have but 0.37% of 
carbon, is reported to be so extremely brittle that it can be powdered under 
2 liaand-hammer when cold ; yet it is ductile when hot. 

_ Manganese steel is very free from blow-holes ; it welds with great diffi- 
culty; its toughness is increased by quenching from a yellow heat ; its elec- 
trie resistance is enormous, and very constant with changing temperature ; 
itis low in thermal conductivity. Itsremarkable combination of great hard- 
asexs, Which cannot be materially lessened by annealing, and great tensile 
wtrength, with astonishing toughness and ductility, at once creates and 
limits its usefulness. The fact that manganese steel cannot be softened, 
{hat it ever remains so hard that it can be machined only with great diffi- 
Culty, sets up a barrier to its usefulness. 

The following comparative results of abrasion tests of manganese and 
anther steel were reported by T. T. Morrell; 


ABRASION BY PRESSURE AGAINST A REVOLVING HaRDENED-STEEL SHAFT. 


Loss of weight of manganese steel.............2.c022002. 1.0 
2? blue-tempered hard tool steel......... 0.4 
ce annealed hard toolsteel. ..... .....2. U5 
ee hardened Otis boiler-plate steel....... 7.0 
Se annealed ‘ sf So eal teaeese. 


ABRASION BY AN BMERY-WHEEL. 


Loss of weight of hard mangatese-steel wheels.......... 1.00 
CH softer Ce OTST ae satis on odo 
as hardest carbon-steel wheels........... 1.28 
st soft % Sees Peg ceo 


The hardness of manganese steel seems to be of an anomalous kind. The 
alloy is hard, but under some conditions not rigid. It is very hard in its 
resistance to abrasion ; it is not always hard in its resistance to impact, 
Manganese steel forges readily at a yellow heat, though at a bright white 
heat it crumbles under the hammer. Butit offers greater resistance to 
deformation, i.e., it is harder when hot, than carbon steel. © 


The most important single use for manganese-steel is for the pins which _ 


hold the buckets of elevator dredges, Here abrasion‘ chiefly is to be 
_ resisted. 
Another important use is for the links of common-chain-elevators. 


As a material for stamp-shoes, for horse-shoes, for the knuckles of an 


- automatic car-coupler, manganese steel has not met pypecteuens. 

Manganese steel has been regularly adopted for the blades of the Cyclone 
pulverizer. Some manganese-steel wheels are reported to have run over 
300.000 miles each without turning, on a New England railroad. 

Nickel Steel.—The remarkable tensile strength and ductility of nickel 
steel, as shown by the test-bars and the behavior of nickel-stee] armor- 
plate under shot tests, are witness of the valuable qualities conferred upon 
steel by the addition of a few per cent of nickel, : 
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The following tests were made on nickel steels by Mr. Maunsel White of 
the Bethlehem fron Company (Eng. & M. Jour., Sept. 16, 1893.) : 


> a _|Tensile |Elastic Reduc- 
Specimen | ¢ =. |Str’gth,| Limit, esa tion of 
from— | 85 | 2& Ibs. per|lbs. per) 40" | Area, 
A | sq. in. | sq. in. & % 
-625] 4 QD ee s Special 
a{ aes } wo] 4.25 eof treatment. 
3 ars, ce ae 19.25 | 55.0 | Annealed. 
a 564) 4 13.0 28.2 
3 tage 12.82 | 27.6 
‘ oe 
1 A 14-in. & “ eG 46:0 
= 16.66 | 42.1 
round vi “ 92°95 | 53.2 
S rolled bar. ie’ | 66 21.62 | 53.4 
os) 03) & 21.82 | 49.5 
Sf Ks 21.25 47.4 
ra 798) 8 36.25 66.23 
2 14-in. => sf % 87.87 | 62.82 
” || bar, rolled. t ss es 41.37 | 69.59 | Annealed. 
ir) “ “ee 44.00 68.34 ac 
= .500} 2 47.25 68.4 
3 1-in, round Se A 45.25 | 62.3 
ye | | bar, rolled.$ tf <s 49.65 | 72.8 | Annealed. 
R 33 oh 106,780 | 45,170 55.50 | 63.6 “t 


* Forged from 6-in. ingot to 5¢ in. diam., with conical heads for holding. 
+ Showing the effect of varying carbon, ; 
+ Rolled down from 14-in. ingot to 114-in. square billet, and turned to size, 


§ Rolled down from 14-in. ingot to 1-in. round, and turned to size. 


Nickel steel has shown itself to be possessed of some exceedingly valuable 
properties; these are, resistance to cracking, high elastic limit, and homo- 
geneity. Resistance to cracking, a property to which the name of non-fissi- 
bility has been given, is shown more remarkably as the percentage of nickel 
increases. Bars of 27% nickel illustrate this property. A 114-in. square bar 
was nicked 14 in, deep and bent double on itself without further fracture 
than the splintering off, as it were, of the nicked portion. Sudden failure or 
rupture of this steel would be impossible ; it seems to possess the toughness 
of rawhide with the strength of steel. With this percentage of nickel the 
steel is practically non-corrodible and non-magnetic, The resistance to 
cracking shown by the lower percentages of nickel is best illustrated in the 
many trials of nickel-steel armor. 

The elastic limit rises in a very marked degree with the addition of about 
8% of nickel, the other physical properties of the steel remaining unchanged 
or perhaps slightly increased. 

In such places (shafts, axles, etc.) where failure is the result of the fatigue 
of the metal this higher elastic limit of nickel steel will tend to prolong in- 
definitely the life of the piece, and at the same time, through its superior 
toughness, offer greater resistance to the sudden strains of shock. 

Howe states that the hardness of nickel steel depends on the proportion 
of nickel and carbon jointly, nickel up to a certain percentage increasing 
the hardness, beyond this lessening it. Thus while steel with 2% of nickel 
and 0.90% of carbon cannot be machined, with less than 5% nickel it can be 
worked cold readily, provided the proportion of carbon be low. As the 
proportion of nickel rises higher, cold-working becomes less easy. It forges 
easily whether it contain much or little nickel. 7 

The presence of manganese in nickel steel is most important, as it appears 
that without the aid of manganese in proper proportions, the conditions of 
treatment would not be successful. 

Tests of Nickel Steel.—Two heats of open-hearth steel were made by 
the Cleveland Rolling Mill Co., one ordinary steel made with 9000 lbs, each 
scrap and Pg, and 165 lbs. ferro-manganese, the other the same with the 
addition of 3%, or 540 lbs. of nickel. Tests of six plates rolled from each 
heat., 0.24 to 0.3 in. thick, gave results as follows : 


Ordinary steel, T. 8, 52,500 to 56,500 ; B.L, 32,800 to 87,900 ; elong, 26 to 32%. 
Nickel steel, ** 63,370 to 67,100; “* 47,100 to 48,200; “* 2814 to 264. 
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The nickel steel averages 31% higher in elastic limit, 20% higher in ultimate 
pet sre with but slight reduction in ductility. (Zing. & M. Jour., 
Feb. 25, 1893. 

Aluminum Steel.—R. A. Hadfield (Trans. A. I. M. E, 1890) says: 
Aluminum appears to be of service as an addition to baths of molten iron or 
steel unduly saturated with oxides, and this in properly regulated steel 
manufacture should not often occur, Speaking generally, its réle appears 
to be similar to that of silicon, though acting more powerfully. The state- 
ment that aluminum lowers the melting-point of iron seems to have no 
foundation in fact. If any increase of heat or fluidity takes place by the ~ 
addition of small amounts of aluminum, it may be due to evolution of heat, 
owing to oxidation of the aluminum, as the calorific value of this metal is 
very high—in fact, higher than silicon. According to Berthollet, the con- 
version of aluminum to Al,O, equals 7900 cal.; silicon to SiO, is stated as 7800. 

The action of aluminum may be classed along with that of silicon, sulphur, 

- phosphorus, arsenic, and copper, as giving no increase of hardness to iron, 
in contradistinction to carbon, manganese, chromium, tungsten, and nickel. 
Therefore, whilst for some special purposes aluminum may be employed in 
the manufacture of iron, at any rate with our present knowledge of its 
properties, this use cannot be large, especially when taking into considera- 
tion the fact of its comparatively high price. Its special advantage seems to 
be that it combines in itself the advantages of both silicon and manganese $ 

but so long as alloys containing these metals are so cheap and aluminum 
dear, its extensive use seems hardly probable. + 

J. E. Stead, in discussion of Mr. Hadfield’s paper, said: Every one of our 
trials has indicated that aluminum can kill the most fiery steel, providing, 
of course, that it is added in sufficient quantity. to combine with all the oxy- 
gen which the steel contains. ‘The metal will then be absolutely dead, and 
will pour like dead-melted silicon steel. If the aluminum is added as metal- 
lic aluminum, and not as a compound, and if the addition is made just be- 
fore the steel is cast, 1/10% is ample to obtain perfect solidity in the steel. 

Chrome Steel. (F. L. Garrison, Jour. #. I., Sept. 1891.)—Chromiun: 
increases the hardness of iron, perhaps also the tensile strength and elastic 
limit, but it lessens its weldibility. 

_, Ferro chrome, according to Berthier, is made by_ strongly heating the 
mixed oxides of iron and chromium in brasqued crucibles, adding powdered 
charcoal if the oxide of chromium is in excess, and fluxes to scorify the 
earthy matter and prevent oxidation. Chromium .does not appear to give 
steel the power of becoming harder when quenched or chilled. Howe states 
that chrome steels forge more readily than tungsten steels, and when not 
containing over 0.5 of chromium nearly as well as ordinary carbon steels of 
like percentage of carbon. On the whole the status of chrome steel is not 
satisfactory. There are other steel alloys coming into use, which are so 
much better, that it would seem to be only a question of time when it will 
drop entirely out of the race. Howe states that many experienced chemists 
have found no chromium, or but the merest traces, in chrome steel sold in 
the markets. 

J. W. Langley (Trans. A. S. C. E. 1892) says: Chromium, like manganese, 
is a true hardener of iron even in the absence of carbon. The addition of 1% 
or 2% of chromium to a carbon steel will make a metal which gets exces- 

sively hard. Hitherto its principal employment has been in the production 
of chilled shot and shell. Powerful molecular stresses result during cooling, 
and the shells frequently break spontaneously months after they are made. 

Tungsten Steel—Mushet Steel. (J. B. Nau, Iron Age, Feb. 11, 1892.) 
—By incorporating simultaneously carbon and tungsten in iron, it is possi- 

ple to obtain a much harder steel than with carbon alone, without danger of 

an extraordinary brittleness in the cold metal or an increased difficulty in_ 
the working of the heated metal. Re 

When a special grade of hardness is required, it is frequently the custom 
to use a high tungsten steel, known in England as special steel. A specimen 
from Sheffield, used for chisels, contained 9.3% of tungsten, 0.7% of silver, 

and 0.6% of carbon, This steel, though used with advantage in its untem- 

 pered state to turn chilled rolls, was not brittle ; nevertheless it was hard 
enough to scratch glass. 

A sample of Mushet’s special steel contained 8.3% of tungsten and 1.78% of 

--manganese. The hardness of tungsten steel cannot be increased by the or- 
dinary process of hardening. 

The only operation that it can be submitted to when cold is grinding. It 
has to be given its final shape through hammering at a red heat, and even 
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then, when the percentage of tungsten is high, it has to be treated very’ 
carefully; and in order to avcid breaking it, not only is itnecessary to reheat 
it several times while it is being hammered, but when the tool nas acquired 
the desired shape hammering must still be continued gently and with nu- 
mere blows until it becomes nearly cold. Then only can it be cooled en- 
tirely. 

Tungsten is not only employed to produce steel of an extraordinary hard- 
ness, but more especially to obtain a steel which, with a moderate hardness 
allies great toughness, resistance, and ductility, Steel from Assailly, used. 
for this purpose, contained carbon, 0.52%; silicon, 0.04%; tungsten, 0 3%; 
phosphorus, 0.04%; sulphur, 0.0057. 

Mechanical tests made by Styffe gave the following results : 


Breaking load per square inch of original area, pounds.. 172,424 
Reduction of area, per cent.......5c20cceec cpceessees womens) O54 
Average elongation after fracture, per cent ...........-+ 13 


According to analyses made by the Due de Luynes of ten specimens of the 
celebrated Oriental damasked steel, eight contained tungsten, two of them 
in notable ppb ci (0.518% to 1%), while in all of the samples analyzed 
nickel was discovered ranging from traces to nearly 4%. 

Stein & Schwartz of Philadelphia, in a circular vn It is stated that 
tungsten steel is suitable for the manufacture of steel magnets, since it re- 
tains its magnetism longer than ordinary steel. Mr. Kniesche has made 
tungsten up to 98% fine a specialty. Dr. Heppe, of Leipsig, has written a 
number of articles in German publications on the subject. The following 
instructions are given concerning the use of tungsten: In order to produce 
cast iron possessing brs hardness an addition of one half to one and one 
half of tungsten is all that is needed. For bar iron it must be carried up to 
1% to 2%, but should not exceed 244%. For puddled steel the range is larger, 
but an addition beyond 216% only increases the hardness, so that it is brought 
up to 136% only for special tools, coinage dies, drills, ete. For tires 244% to 54 
have proved best, and for axles 4 to 114%. Cast steel to which tungsten has 
been added needs a higher temperature for tempering than ordinary steel, 
and should be hardened only between yellow, red, and white. Chisels made 
of tungsten steel should be drawn between cherry-red and blue, and stand 
well on iron and steel. Tempering is best done ina mixture of 5 parts of 
yellow rosin, 3 parts of tar, and 2 parts of tallow, and then the article is 
once more heated and then tempered as usual in water of about 15° ©, 

ee eee [Steel by the “‘ Whitworth Process. 
(Proc. Inst. M. E., May, 1887, p. 1U7.)—In this system a gradually increasin; 
pressure up to 6 or 8 tons per square inch is applied to the fluid ingot, an 
within half an hour or less after the application of the pressure the column 
of fluid steel is shortened 114 inch per foot or one-eighth of its length; the 

ressure is then kept on for several hours, the result being that the metal 
is compressed into a perfectly solid and homogeneous material, free from 
blow-holes. 

In large gun-ting ingots daring cooling the carbon is driven to the centre, 
the centre containing 0.8 carbon and the outer ring 0.3. The centre is bored 
out until a test shows that the inside of the ring contains the same percent- 
age of carbon as the outside. 

Fluid-compressed steel is made by the Bethlehem Iron Co, for gun and 
other heavy forgings. 
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Selection of Grades by the Eye, and Effect of Heat Treat 
ment, (J. W. Langley, Amer, Cheniist, November, 1876.)—In 1874, Miller, 


Metcalf & Parkin, of Pittsburgh, selected eight samples of steel which were ¢ 


believed to form a set of graded specimens, the order being based on the 
quantity of carbon which they were supposed to contain. They were num- 
bered from one to eight, On analysis, the quantity of carbon was found to 
follow the order of the numbers, while the other elements present—silicon, 
phosphorus, and sulphur—did not do so. The method of selection ig 
described as follows : 

The steel is melted in black-lead crucibles capable of holding about eighty 
pounds; when thoroughly fluid it is poured into cast-iron moulds. and when 
cold the top of the ingot is broken off, exposing a freshly-fractured surface. 


the pees presented is that of confused groups of crystals, all appear- © 
n 


ing to have started from the outside and to have met in the centre; this 
eneral form is common to all ingots of whatever composition, but to the 
frained eye, and only to one long and critically exercised, a minute but in- 
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describable difference is perceived between varying samples of steel, and 
_ this difference is now known to be owing almost wholly to variations in the 
amount of combined carbon, as the following table willshow. Twelve sam- 
ples selected by the eye alone, and analyses of drillings taken direct from 
the ingot before it had been heated or hammered, gave results as below: 


Agsot | Tron PY | Carbon. | Dif of | Silicon. | Phos. | Sulph, 


1 99.614 We Nene tere eee -019 047 018 
2 99.455 490 -188 084 -005 016 
3 99.363 039 043 047 018 
4 99.270 649 120 039 -030 012 
5 99.119 S01 152 029 -035 016 
6 99.086 S41 -040 -039 -024 -010 
ve 99.044 867 026 -057 014 018 
8 99.040 7 -004 -053 . 012 
9 98.900 955 084 059 070 016 
10 98.861 1.005 050 : -034 012 
il 98.752 1.058 +053 +120 -064 -006 
12 98.834 1.079 021 +039 044 004 


Here the carbon is seen to increase in quantity in the order of the num- 
bers, while the other elements, with the exception of total iron, bear no rela- 
tion to the numbers on the samples. The mean difference of carbon is .071. 

In mild steels the discrimination is less perfect. 

The appearance of the fracture by which the above twelve selections 
were made can only be seen in the cold ingot before any operation, except 
the original one of casting, has been performed upon it. As soon as it is 
hammered, the structure changes in a remarkable manner, so that all trace 
of the primitive condition appears to be lost. 

Another method of rendering visible to the eye the molecular and chemi- 
cal anes which go on in steelis by the process of hardening or temper- 
‘sg. When the metal is heated and plunged into water it acquires an 
acrease of hardness, but a loss of ductility. Ifthe heat to which the steel 
has been raised just before plunging is too high, the metal acquires intense 
hardness, but it is so brittle as to be worthless; the fracture is of a bien 
granular, or sandy character. In this state it is said to be burned, and it 
eannot again be restored to its former strength and ductility by annealing; 
at is ruined for all practical purposes, but in just this state it again shows 
differences of structure corresponding with its content in carbon. The 
nature of these changes can be illustrated by plunging a bar highly heated 

-at one end and cold at the other into water, and then breaking it off in 
pieces of equal length, when the fractures will be found to show appear- 
‘ances characteristic of the temperature to which the sample was raised. 
- The specific gravity of steel is influenced not only by its chemical analy- 
sis, but by the heat to which it is subjected, as is shown by the following 
_table (densities referred to 60° F.): 
Specific gravities of twelve samples of steel from the ingot; also of six 
3 hammered bars, each bar being overheated at one end and cold at the 


equal length. 


2 3 4 5 6 x 8 9 | 10 | 11} 12 


1 


. |7.855)7.836|7.841)7.829]7,838]7.834]7.819/7.818/7.813)7,807)7.803]7.805 


a} cece} e. eee] 7818/7. 791]. 2.017.189]... T752) we TTA... 7.690 
1h Res eae. T.814}7.811] .. ./ 7.784)... 06/7755)... | T7491. IT. TAD 
Seta Maint 7.823)7.880).... 17.780)... ..)7. 758)... 0.17. 255) oo 7.769 
of «-|7.826/7.849] ..... 7 Rens (eri) Ariens 7.789) ..6..17. 798 
afeaveefe~ ess]? -831/7,806)..... 7.812}.....{7.790}.....17,812).....]7 811 
sees - [eee ee |%s844/7.824) ....17.829)....- 7825) .....]7.826).....17.825 


* Order of samples from bar. 


& other, in this state plunged into water, and then broken into pieces of \ 
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Effect of Heat on the Grain of Steel. (W. Metcalf,—Jeans on 
Steel, p. 642.)—A simple experiment will show the alteration produced in a 
high-carbon steel by different methods of hardening. If a bar of such steel 
be nicked at about 9 or 10 places, and about half an inch apart, a suitable 
specimen is obtained for the experiment. Place one end of the bar ina 
good fire, so that the first nicked piece is heated to whiteness, while the rest 
of the bar, being out of the fire, is heated up less and less as we approach 
the other end. As soon as the first piece is at a good white heat, which of 
course burns a high carbon steel, and the temperature of the rest of the bar 
gradually passes down to a very dull red, the metal should be taken out of 
the fire and suddenly plunged in cold water, in which it should be left till 
quite cold. It should then be taken out and carefully dried. Amn examina-— 
tion with a file will show that the first piece has the greatest hardness, 
while the last piece is the softest, the intermediate pieces gradually passing 
from one condition to the other. On now breaking off the pieces at each 
nick it will be seen that very considerable and characteristic changes have 
been produced in the appearance of the metal. The first burnt piece is very 
open or crystalline in fracture; the succeeding pieces become closer and 
closer in the grain until one piece is found to possess that perfectly 
even grain and velvet-like appearance which is so much prized by experi- 
enced steel users. The first pieces also, which have been too much hard- 
ened, will probably be cracked; those at the other end will not be hardened 
through. ence if it be desired to make the steel hard and _ strong, the 
temperature used must be high enough to harden the metal through, but 
not sufficient to open the grain. F 

Changes in Ultimate Strength and Elasticity due to 
Hammering, Annealing, and Tempering. (J. W. Langley, 
Trans. A. S. C. EK. 1892.)—The following table gives the result of tests made — 
on some round steel bars, all from the same ingot, which were tested by | 
tensile stresses, and also by bending till fracture took place: 


koe . ;/ Hed © = 
a Asean Al ess aa Bas) sas 
: Oe amare HO En Ase lesa cache £8 
u - Sg ,8! 9] oD® ~ od ss So 
2 Treatment. Be fae ols ag |S we [nse dh 
| wal S [Of 2] 855] 257 | Ss om 
=] ao nS| 8S) aaa | sa eles 
x Slo} ha | = 
1 |Cold-hammered bar} 153/1.25/ .47|.575| 92,420 | 141,500 2.00 2.42 
2 |Bar drawn black....} '75)1.25) .47|.577) 114,700 | 188,400 6.00} 12,45 
3 |Bar annealed........ 175]1.31] .70).580| 68,110] 98,410] 10.00} 11.69 
4 {Bar hardened and 
drawn black ...... 30/1.09] .36) 578} 152,800 | 248,700 8.33 | 17.9 


The total carbon given in the table was found by the color test, which is 
affected, not ay by the total carbon, but by the condition of the carbon. 
The analysis of the steel was: 


BI Goma eh. y areictesia's slave © paracteare 242 Manpanese.. 55. dec wiselietis ese cules oy 
Phosphorus.... Breer eh Carbon (true total carbon, by an 
PUGS eas seeules vce amekies: .009 combustion) ics. ace teeee dese 1.31 . 


Heating Tool Steel. (Crescent Steel Co., Pittsburg, Pa.)—There are 
three distinct stages or times of heating: First, for forging; second, for 
hardening; third, for tempering. +& 

The first requisite for a good heat for forging is a clean fire and plenty of 
fuel, so that jets of hot air will not strike the corners of the piece; next, the 
fire should be regular, and give a good uniform heat to the whole part to be | 
forged. It should be keen enough to heat the piece as rapidly as may be, — 
and allow it to be thoroughly heated through, without being so fierce as to — 
overheat the corners. ; 

Steel should not be left in the fire any longer than is necessary to heat it 
clear through, as ‘‘ soaking’? in fire is very injurious; and, on the other hand, 
it is necessary that it should be hot through, to prevent surface cracks. 

By observing these precautions a piece of steel may always be heated 
pey yo to even a bright yellow heat, when there is much forging to be 

one on it. 


ne 
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_ The best and most economical of welding fluxes is clean, crude borax, 
which should be first thoroughly melted and then ground to fine powder. 

After the steel is properly heated, it should be forged to shape as quickly 
as possible; and just as the red heat is leaving the parts intended for cuttin 
edges, these parts should be refined by rapid, light blows, continued unti 
the red disappears. 

For the second stage of heating, for hardening, great care should be used: 
first, to pies the cutting edges and working parts from heating more 
rapidly than the body of the piece; next, that the whole part to be hardened 
be heated uniformly through, without any part becoming visibly hotter 
than the other. A uniform heat, as low as will give the required hardness, 
is the best for nee 

For every variation of heat, which is great enough to be seen, there will 
result a variation in grain, which may be seen by breaking the piece: and. 
for every such variation in temperature, there is a very good chance for a 
crack to be seen. Many a costly tool is ruined by inattention to this point. 

The effect of too high heat is to open the grain; to make the steel coarse. 

_ The effect of an irregular heat is to cause irregular grain, irregular strains, 
and cracks, 

As soon as the piece is properly heated for hardening, it should be 
pe uptly and thoroughly quenched in plenty of the cooling medium, water, 

rine, or oil, as the case may be. 

An abundance of the cooling bath, to do the work quickly and uniformly 
all over, is very necessary to good and safe work. 

To harden a large piece safely a running stream should be used. 

Much uneven hardening is caused by the use of too small baths. 

For the third stage of heating, to temper, the first important requisite is 
again uniformity. The next is time; the more slowly a piece is brought 
down to its temper, the better and safer is the operation. 

When expensive tools are to be made it is a wise precaution to try small 
‘pieces of the steel at different temperatures, so as to find out how low a heat 

"will give the necessary hardness. The lowest heat is the best for any steel. 
Heating to Forge.—The trouble in the forge fire is usually uneven 
heat, and not too high heat. Suppose the piece to be forged has been put 
into a very hot fire, and forced as quickly as possible to a high yellow heat, 
80 that it is almost up to the scintillating point. If this be done, in a few 
| minutes the outside will be quite soft and in a nice condition for forging, 
while the middle parts will not be more than red-hot. Now let the piece be 
placed under the hammer and forged, and the soft outside will yield so 
much more,readily than the hard inside, that the outer particles will be torn 
asunder, while the inside will remain sound. 

Suppose the case to be reversed and the inside to be much hotter than the 
outside; that is, that the inside shall be in a state of semi-fusion, while the 
outside is hard and firm. Now let the piece be forged, and the outside will 
be all sound and the whole piece will appear perfectly good until it is 
cropped, and then it is found to be hollow inside 

In either case, if the piece had been heated soft all through, or if it had been 
only red-hot all through. it would have forged perfectly sound. 

_ Insome cases a high heat is more desirable to save heavy labor but in 
every case where a fine steel is to be used for cutting purposes it must be 
borne in mind that very heavy forging refines the bars as they slowly cool, 

-andif the smith heats such refined bars until they are soft, he raises the 
grain, makes them coarse, and he cannot get them fine again unless he has 

) avery heavy steam-hammer at command and knows how to use it well. 

} Ammealing. (Crescent Steel Co.)\—Annealing or softening is accom- 

} plished by heating steel to a red heat and then cooling it very slowly, 

_ to prevent it from getting hard again. 

The higher the degree of heat, the more will steel be softened, until the 
limit of softness is reached, when the steel is melted. ‘ sl 

Tt does not follow that the higher a piece of steel is heated the softer it 
will be when cooled, no matter how slowly it may be cooled; this is proved 

| by the fact that an ingot is always harder than a rolled or hammered bar 

‘Imade from it. 

Therefore there is nothing gained by heating a piece of steel hotter than 
'@ good, bright, cherry-red; on the contrary, a higher heat has several dis- 
advantages: First. If carried too far, it may leave the steel actually harder 
) than a good red heat would leave it. Second. If a scale is raised on the 
_ Steel, this scale will be harsh, granular oxide of iron, and will spoil the tools 

used to cut it. Third. A high scaling heat continued for a little time 
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changes the structure of the steel, m 


ening, and impossible to refine, 
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akes it brittle, liable to crack in harde 


To anneal any piece of steel, heat it red-hot ; heat it uniformly and heat it 
through, taking care not to let the ends and corners get too hot, 
As soon as it is hot, take it out of the fire, the sooner the better, and cool 


it as slowly as possible, 


A good rule for heating is to heat it at so low a red 


that when the piece is cold it will still show the blue gloss of the oxide that 
was put there by the hammer or the rolls. 

Steel annealed in this way will cut very soft; it will harden very hard, 
without cracking; and when tempered it will be very strong, nicely refined, 


and will hold a keen, strong edge. 


Tempering.—Tempering steel is the act of giving it, after it has been 


shaped, the hardness necessary for the work it has to do. 
the piece, generally a good deal harder than is necessary, 


first hardenin 


This is done by 


and then toughening it by slow heating and gradual softening until it is just 


right for work. 


A piece of steel properly tempered should always be finer in grain than 


the bar from which it is made, 


f it is necessary, in order to make the piece 


as hard as is required, to heat it so hot that after being hardened the grain 
will be as coarse as or coarser than the grain in the original bar, then the 
steel itself is of too low carbon for the desired work. 


If a great degree of hardness is not 
most tools of complicated form, and it 
tools are too hard and are liable to cra 


desired, as in the case of taps, and 
is found that at a moderate heat the 
ck, the smith should first use a lower 


heat in order to save the tools already made, and then notify the steelmaker 
that his steel is too high, so as to prevent a recurrence of the trouble, 

For descriptions of various methods of tempering steel, see “* Tempering 
of Metals,” by Joshua Rose, in App. Cyc. Mech., vol. ii. p. 863; also, 


“Wrinkles and Recipes,” from the Scientific American, 
works Mr. Rose gives a “ color scale, 
following is a list of the tools in their 


In both of these 


” lithographed in colors, by which the 
order on the color scale, together with 


the approximate color and the temperature at which the color appears on 
brightened steel when heated in the air $ 


Scrapers for brass; very pale yel- 
ay 430° BF, - 

Steel-engraving tools, 

Slight turning tools. j 

Hammer faces. 

Planer tools for steel. 

Ivory-cutting tools, 

Planer tools for iron. 

Paper-cutters, 

Wood-engraving tools. 

Bone cutting tools. 

Milling-cutters; straw yellow, 460° F. 

Wire-drawing dies. 

Boring-cutters, 

Seared dies, 

Screw-cutting dies. 

Inserted saw-teeth, 

Taps. 

Rock-drills, 

Chasers, 

Punches and dies, 

Penknives, 

Reamers. 

Half-round bits. 

Planing and moulding cutters, 

Rone gning tools ; brown yellow, 


Gouges. 


Hand-plane irons, 
Twist-drills. 
Flat drills for brass, 
Wood-boring cutters, 
Drifts. 
Coopers’ tools. A 
Edging cutters ; light purple, 530° F. 
Augers, 
Dental and surgical instruments, 
Cold chisels for steel. 
Axes ; dark purple, 550° F. 
Gimlets. 
Cold chisels for cast iron, 
Saws for bone and ivory. 
Needles. 
Firmer-chisels, 
Hack-saws. 
Framing-chisels, 
Cold chisels for wrought iron, 
oe and planing cutters to be 
ed. 
Circular saws for metal. 
Screw-drivers, 
Springs. 
Saws for wood, 
Dark blue, 570° F. 
Pale blue, 610°, 
Blue tinged with green, 630°, 
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Mecuanics is the science that treats of the action of force upon bodies, 

_A Force is anything that tends to change the state of a body with respect 
to rest or motion. If a body is at rest, anything that tends to put it in mo- 
tion is a force; if a body is in motion, anything that tends to change either 
its direction or its rate of motion is a force. 

_A force should always mean the pull, pressure, rub, attraction (or repul- 
sion) of one body upon another, and always implies the existence of a simul- 
taneous equal and opposite force exerted by that other body on the first body, 
ive., the reaction. Inno case should we call anything a force unless we can 
conceive of it as capable of measurement by a spring-balance, and are able 
to say from what other body it comes. (LP. Church.) 

Forces may be divided into two classes, extraneous and molecwlar: extra- 
neous forces act on bodies from without; molecular forces are exerted be- 
tween the neighboring particles of bodies, 

Extraneous forces are of two kinds, pressures and moving forces: pres- 
sures simply tend to produce motion; moving forces actually produce 
motion, Thus, if gravity act on a fixed body, it creates pressure; if ona free 
body, it produces motion. 

Molecular forces are of two kinds, attractive and repellent: attractive 
forces tend to bind the particles of a body together; repellent forces tend 
to thrust them asunder. Both kinds of molecular forces are continually 
exerted between the molecules of bodies, and on the predominance of one 
or the other depends the physical state of a body, as solid, liquid, or gaseous. 

Khe Unit of Force used in engineering, by English writers, is the 

ound avoirdupois. (For some scientific purposes, as in electro-dynamics, 
orees are sometimes expressed in ‘‘ absolute units,” The absolute unit of 
force is that force which acting on a unit of mass during a unit of time pro- 
duces a unit of velocity; in English measures, that force which acting on 


_the mass whose weight is one pound in London will in one second produce a 


velocity of one foot per second = 1 + 32.187 of the weight of the standard 
pound avoirdupois at London. In the French ©. G. 8. or centimetre-gramme 
second system it is the force which acting on the mass whose weight is one 
gramme at Paris will produce in one second a velocity of one centimetre per 
second. This unit is called a‘ dye ” = 1/981 gramme at Paris.) 

Inertia is that property of a body by virtue of which it tends to continue 
in the state of rest or motion in which it may be placed, until acted on by 
some force. ‘ 

Newton’s Laws of Motion.—ist Law. If a body be at rest, it will 
remain at rest; or if in motion, it will move uniformly in a straight line till 
acted on by some force. 

2d Law. If a body be acted on by several forces, it will obey each as 
though the others did not exist, and this whether the body be at rest or in 
motion. f 

3d Law. If a force act to change the state of a body with respect to rest 
or motion, the body will offer a resistance equal and directly opposed to the 
force, Or, to every action there is opposed an equal and opposite reaction. 

Graphic Representation of a Force.—Forces may be repre- 
sented geometrically by straight lines, proportional to the forces, A force 
is given when we know its intensity, its point of application, and the direc- 
tion in which it acts. When a force is represented by a line, the length of the 
line represents its intensity; one extremity represents the point of applica- 


tion; and an arrow-head at the other extremity shows the. direction of the 


force. 

Composition of Forces is the operation of finding a single force 
whose effect is the same as that of two or more given forces. The required 
force is called the resultant of the given forces. 

Resolution of Forces is the operation of finding two or more forces 
whose combined effect is equivalent to that of a given force, The required 
forces are called components of the given force. 

The resultant of two forces applied at a point, and acting in the same di- 
rection, is equal to the sum of the forces, If two forces act in opposite 
directions, their resultant is equal to their difference, and it acts in the 
direction of the greater, 
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If any number of forces be applied at a ae some in one direction and 
others in a contrary direction, their resultant is equal to the sum of those 
that act in one direction, diminished by the sum of those that act in the op- 
posite direction; or, the resultant is equal to the algebraic sum of the com- 
ponents. 

Parallelogram of Forces,—If two forces acting on a point be rep- 
resented in direction and seems. by adjacent sides of a parallelogram, 
their resultant will be represented by that diagonal of the parallelogram 

R which passes through the point. Thus OR, Fig. 
eS Sa 88, is the resultant of OQ and OP. 
7 Folygon of Forces.—If several forces are 
/ applied at a point and act in a single plane, their 
resultant is found as follows: 

Through the point draw a line representing the 
first force ; through the extremity of this draw 
P @ line representing the second force; and so on, 
Fie. 88. throughout the system; finally, draw a line from 

Gs We the starting-point to the extremity of the last line 
drawn, and this will be the resultant required. 2 

Sup’ the body A, Fig. 89, to be urged in the directions A1, A2, 43, A4, 
and UB by forces which are to each other as the lengths of those lines. 
Suppose these forces to act successively and the body to first move from A 
to 1; the second force A2 then acts and finding the body at 1 would take it 
to 2’; the third force would then carry it to 3’, the fourth to 4’, and the fifth 
to5’. The line AS’ represents in magnitude and direction the resultant of 
all the forces considered. If there had = 
been an additional force, Az, in the group. 
the body would be returned by that force 
to its original position, supposing the 
forces to act successively, but if they had 
acted simultaneously the body would never Q, 
have moved at all; the tendencies to mo- 
tion balancing each other, — 

It follows, therefore, that if the several 
forces which tend to move a body can be 
represented in magnitude and direction 
by the sides of a closed polygontakenin §$ 4 
order, the body will remain at rest; but if Fra. 89 
the forces are represented by the sides of rl 3 at pe 
an open polygon, the body will move and the direction will be represented 
by the straight line which closes the polygon. 

Twisted Polygon.—tThe rule of the polygon of forces holds true even 
when the forces are not in one plane. In this case the lines Al, 1-2’, 2-3’, 
etc., form a twisted polygon, that is. one whose sides are not in one plane. 

Parallelopipedon of Forces.—If three forces acting on a point be 
represented by three edges of a parallelopipedon which meet in a common 
point, their resultant will be represented by the diagonal of the parallelo- 
pipedon that passes through their common point. (i 

us OR, Fig. 90, is the resultant of OQ, OS, and OP. OMisthe result 
ant of OPand OQ. and OR is the resultant of OM and OS. 


°o 


Moment of a Force.—The mo- urd 
ment of a force (sometimes called stat- b.-- 
ical moment), with respect to a point, < 
is the product of the force by the per- oe NSS 
pendicular distance from the point to hoe* NaS 
the direction of the force. The fixed  --T | _a 


point is called the centre of mo- 
s 
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3 : 
ments : Se popes tele 66 Er of the force; and the > 
“moment i measures the tendency of the force to produce rotation about 


; e is expressed in pot and the distance in feet, the moment 
is expressed in foot ds. It mT ar g dor bitin ber paiement 
age 2S ema Statical moment and foot-pounds of work or energy. 
(See Work. 

' In the bent lever, Fig. 91 (from Trautwine), if the weights n and m repre- 
Sent forces, their moments about the point f are respectively n X af and 
m X fe. If instead of the weight m a pulling foree to balance the weight 
m is applied in the direction bs, or by or bd, s, y, and d being the amounts of 
these forces, their respective moments are s X ft, y X fb, d X fh. 

If the forces acting on the lever are in equilibrium it remains at rest, and 
the moments on each side of f are equal, that is, n X af=m Xfce, ors X fi, 
‘or y X fo, or d X hf. 


The moment of the resultant of any number of forces acting t in 
the same plane is equal to the algebraic sum of the moments of the forces 
taken separately. 


Statical Moment. Stability.—The statical moment of a body is 
the product of its weight by the distance of its line of gravity from some 
assumed line of rotation. The line of gravity is a vertical line drawn from 
its centre of gravity through the body. The stability of a body is that re- 


te overturn it or to slide it along i n. 
To be safe inst turning on an edge the moment of the forces tending to 
overturn it, With reference to that edge, must be less than the stati- 


condition of stability inst sliding along a horizontal plane is that the hor- 
izontal component of the force exerted tending to cause it to slide shall be 
less than the product of the weight of the body into the coefficient of fric- 
tion between the base of the body and its supporting Senge This coefficient 

angle of repose, or the maximum angle at 
which the supporting plane might be raised from the horizontal before the 


at the bottom per square foot = 62.4 x Hibs. At the water-level the pres- 
Sure is zero, and it increases uniformly to the bottom, so that the sum of the 
pressures on a vertical strip one foot In breadth may be represented by the 
area of a triangle whose base is 62.4 x H and whose altitude is H, or 62. 2. 
‘The centre of gravity of a triangle being 4¢ of its altitude, the resultant of 
all the horizontal pressures be taken as pratakes to the sum of the 
ures acting at 1¢H, and moment of sum of the pressures is 
therefore 62.4 x H® = 6. = 
Parallel Forces,—If two forces are parallel and act in the same direc- 
tion, their resultant is parallel to both, and lies between them, and the inten- 
sity of the resultant is equal to the sum of the intensities of the two forces. 
Thus in Fig. 91 the resultant of the forces n and m acts vertically down-. 
ward at J, and is equal to n + m. k e 
If two parallel forces act at the extremities of a straight line and in the 
‘same direction, the resultant divides the line joining the points of application 
of the components, inversely as the components. Thus in Fig. 91, m:n:: 


-af : fe; and in Fig. 2, P: Q:: SN: SM. 

ass resultant of two parallel forces ee re 

acting in opposite directions is el oa 

to beth, lies without both, on the side Ss ,c =—R 
and in the direction of the greater, ra H 

and its intensity is equal to the differ- ux : >p 

ence of the intensities of the two L 
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Thus the resultant of the two forces Q and P, Fig. 93, is equal to Q— P= 
R. Of any two parallel forces and their 


N resultant each is proportional to the dis- 
Narn lek tance between the other two; thus in both 
{ Figs. 92and 93, P:Q: R:: SN: SM: MN. 
fe el Beenie Coupies.—If P and Q be equal and act 
1 in opposite directions, R = 0; that is, they 
ys ! have no resultant. Two such forces con- 
een EE Ty stitute what is called a couple. 
s Cc The tendency of a couple is to produce 
Fra. 93, rotation; the measure of this tendency, 


called the moment of the couple, is the 
product of one of the forces by the distance between the two. 

Since a couple has no single resultant, no single force can balance a 
couple. To prevent the rotation of a body acted on by a couple the applica- 
tion of two other forces is required, forming a second couple. Thus in Fig. 
94, Pand Q forming a couple, may be balanced 
by a second couple formed by F and S. The 
point of application of either R or S may bea 
fixed pivot or axis, 

Moment of the couple PQ = P(ic+6b-+a)= 
moment of RS= Rb, Also, P+R=Q+4 S. 

The forces R and S need not be parallel to 
and Q, but if not, then their components parallel 
to PQ are to be taken instead of the forces 
themselves. 

Equilibrium of Forces.—A system of 
forces applied at points of a solid body will be 
in equilibrium when they have no tendency to 
produce motion, either of translation or of rota- Fia. 94. 
tion. 

The conditions of equilibrium are: 1, The algebraic sum of the compo- 
nents of the forces in the direction of any three rectangular axes must be 
separately equal to 0. 

2, The algebraic sum of the moments of the forces, with respect to any 
three rectangular axes, must be separately equal to 0. 

If the forces lie ina plane: 1. The algebraic sum of the components of the 
forage, in the direction of any two rectangular axes, must be separately 
equal to 0. 

2, The algebraic sum of the moments of the forces, with respect te any 
point in the plane, must be equal to 0. 

If a body is restrained by a fixed axis, as in case of a pulley, or wheel and 
axle, the forces will be in a equilibrium when the algebraic sum of the mo- 
ments of the forces with respect to the axis is equal to 0. 


CENTRE OF GRAVITY. i 


The centre of gravity of a body, or of a system of bodies rigidly connected 
together, is that point about which, if suspended, all the parts will be in 
equilibrium, that is, there will be no tendency to rotation. It is the point 
through which passes the resultant of the efforts of yravitation on each of 
the elementary particles of a body. In bodies of equal heaviness through- 
out, the centre of gravity is the centre of magnitude. 

(The centre of magnitude of a figure is a point such that if the figure be 
divided into equal parts the distance of the centre of magnitude of the 
whole figure from any given plane is the mean of the distances of the centres 
of pends of the several equal parts from that plane.) : 

If a body be suspended at its centre of gravity, it will be in equilibrium in 
all positions. If it be suspended at a point out of its centre of gravity, it 
will swing into a position such that its centre of gravity is vertically beneath 
its point of suspension. 

To find the centre of gravity of any plane figure mechanically, suspend 
the figure by any point near its edge, and mark on it the direction of a 
plumb-line hung from that point ; then suspend it from some other point, 
and again mark the direction of the plumb-line in like manner. ‘Then the 
centre of gravity of the surface will be at the point of intersection of the 
two marks of the plumb-line. 

The Centre of Gravity of Regular Figures, whether plane or 
solid, is the same as their geometrical centre ; for instance, a straight line, _ 


4 
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parallelogram, regular pelygon,’ circle, circular ring, prism, cylinder, 


base = 


sphere, spheroid, middle frustums of spheroid, etc. 

Of a triangle: On a line drawn from any angle to the middle of the op- 
posite side, at a distance of one third of the line from the side; or at the © 
intersection of such lines drawn from any two angles, 

Of a trapezium or trapezoid: Draw a diagonal, dividing it into two tri 
angles. Draw a line joining their centres of gravity. Draw the other 
diagonal, making two other triangles, and a line joining their centres, The 


intersection of the two lines is the centre of gravity required, 


Of a sector of a circle: On the radius which bisects the are, 2er + 37 from 
the centre, c being the chord, 7 the radius, and 1 the are, 

Of w semicircle? On the middle radius, .42447 from the centre, 

Of a quadrant: On the middle radius, .60027 from the centre, 

Of a segment of a circle : c3 ~ 12a from the centre. c= chord, a = area, 

Of a parabolic surface : In the axis, 3/5 of its length from the vertex. 

Of a semi-parabola (surface) : 8/5 length of the axis from the vertex, and 
36 of the semi-base from the axis, 

Of a cone or pyramid : In the axis, 14 of its length from the base, 

Of a paraboloid ; In the axis, % of its length from the vertex, : 

Of a cylinder, or regular prism ; In the middle point of the axis, 

Of a frustwm of a cone or pyramid ; Let a = length of a line drawn from 
the vertex of the cone when complete to the centre of gravity of the base, and 
a that portion of it between the vertex and the top of the frustum; then 
distance of RGDEN OF Brava. of the frustum from centre of gravity of its 
a to 

4 4(@?+ aa’ + a/2y : 

For two bodies, the common centre of gravity is that point which divides 
the distance between their respective centres of gravity in the inverse ratio 
of the weights. The products obtained by multiplying each weight by the 
distance of its centre of gravity from the common centre are equal, 

For more than two bodies connected in one system: Find the common 
centre of gravity of two of them ; and find the common centre of these two 
jointly with a third body, and so on to the last body of the group. 

Another method, by the principle of moments: To find the centre of 
gravity of a system of bodies, ora body consisting of several parts, whose 


several centres are known, If the bodies are ina lane, refer their seyeral 


eentres to two rectangular co-ordinate axes, Mu tiply each weight by its 
distance from one of the axes, add the products, and divide the sum by the 
sum of the weights: the result is the distance of the centre of gravity from 
that axis. Do the same with regard to the other axis, If the bodies are 
‘not in a plane, refer them to three planes at right angles to each other, and 
determine the mean distance of the sum of the weights from each of the 


three planes. 
MOMENT OF INERTIA, 


The moment of inertia of the weight of a body with respect to an axis ig 
the algebraic sum of the products obtained by multiplying the weight of 
each elementary particle by the square of its distance from the axis, If the 
moment of inertia with respect to any axis = J, the weight of any element 
of the body = w, and its distance from the axis — r, we have I= 3(wr?). 

The moment of inertia varies, in the same body, according to the position 


_ of the axis. Itis the least possible when the axis passes through the centre 


of gravity. To find the moment of inertia of a body, referred to a given 
axis, divide the body into small parts of regular figure. Multiply the weight 
of each part by the square of the distance of its centre of gravity from the 
axis. The sum of the products is the moment of inertia, The value of the 
moment of inertia thus obtained will be more nearly exact, the smaller and 
more numerous the parts into which the body is divided. S 

Moments oF INERTIA OF REGULAR Sotips.—Rod, or bar; of uniform thick- 
ness, with respect to an axis perpendicular to the length of the rod, 


12 
faw(F+@), 2... ..@ 
W = weight of rod, 21 = length, d = distance of centre of gravity from axis, 


9° © © @ @ 


own plane, 


_ Thin circular plate, axis in x} l=W S th, a); er) 


_ 7 = radius of plate. iF 
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Circular plate,axis perpendicular} ; _ 7 ‘ 
to the plate, p br=w(S+ a). eee eevee 


Circular ring, axis perpendicular pity? 
tates oon plane's e tr=w( 2 +a), ooo e (c) 
rand?’ are the exterior and interior radii of the ring. 
Cylinder, axis perpendicular to rv? 13 ) 

the axis of the cylinder, ti=w(T4+ ote Aemerpecinct 
r = radius of base, 21 = length of the cylinder. 


By making d= 0 in any of the above formuls we find the moment of 
inertia for a parallel axis through the centre of gravity. 


The moment of inertia, Swr?, numerically equals the weight of a body . ‘ 


which, if concentrated at the distance unity from the axis of rotation, would 
require the same work to produce a given increase of angular velocity that the 
actual body requires. It bears the same relation to angular acceleration 
which aad does to linear acceleration (Rankine). The term moment of 
inertia is also used in regard to areas, as the cross-sections of beams under 
strain. In this case J= Sar?, in which a is any elementary area, and r its 
distance from the centre. (See under Strength of Materials, p. 247.) Some 
writers call =mr? = Swr? + g the moment of inertia, 


CENTRE AND RADIUS OF GYRATION. 


The centre of gyration, with reference to an axis, is a point at which, if 
dhe entire weight of a body be concentrated, its moment of inertia will re- 
main unchanged; or, in a revolving body, the point in which the whole 
weight of the body may be conceived to be concentrated, as if a pound of 
platinum were substituted for a pound of revolving feathers, the angular 
velocity and the accumulated work remaining the same. The distance of 
this point from the axis is the radius of gyration. If W = the weight of @ 

ody, I = 2wr? = its moment of inertia, and k = its radius of gyration, 


/ Sur? 
1= Wk? = 2wr?; k= > 


The moment of inertia = the weight x the square of the radius of gyration. 
To find the radius of gyration divide the body intoa considerable number 
of equal small parts—the more numerous the more nearly exact is the re- 
sult,—then take the mean of all the squares of the distances of the parts 
from the axis of revolution, and find the square root of the mean square. 
Or, if the moment of inertia is known, divide it by the weight and extract 
the square root. For radius of gyration of an area, as a cross-section of & 
beam, divide the moment of inertia of the area by the area and extract the 
gett root. 
he radius of gyration is the least possible when the axis passes through 
the centre of gravity. This minimum radius is called the principal radius 
of eyeaeen: Tf we denote it by k and any other radius of Byraion by k’, 
we have for the five cases given under the head of moment of inertia above 
the following values : 


Ga. one perpen.to } k=l 3 ages fare 
ees a ae Pie 5 ws fare. 

©) Greer Patents ar g/E Wa 4/ Ee 
Ch st = y/ EEE wn g/m 


linder, axis per- met x 
Ovi pk 4/ Bees Mag /P 4 etn 


is 
- 


i 
; 
i 
ai 
“a 
- 
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Principal Radii of Gyration and Squares of Radii of 
; Gyration. 


(for radii of gyration of sections of columns, see page 249.) 


Square of R. 
of Gyration. 


Surface or Solid. Rad. of Gyration, 


Parallelogram: pers at its base....... 57738h Yén2 

3 Seed he s ‘* mid-height...... 28862 1/12h? 
traight rod: is at end 57731 14)2 
length J, or thin | @*is abend....... 57% 
rectang. plate mid-length.. 28867 1/12/2 

Rectangular prism: eae 

3 one 2a, 2b, ce cg aes 577 Vb? +2 errs yes 3 
‘arallelopiped: length 1, base b, axis a 
at one end, at mid-breadth........ f 289 /4l? + b? 12 


Hollow square tube: 
out. side h, inn’r ji’, axis mid-length.. +289 Wh? + h/2 | (h2 te h/2) + 12 
very thin, side=h, “ ee aS 408) 24-6 


| sae 
Thin rectangular tube: sides b, h, 989h, h-+3b 12 h-+8b 
axis mid-length.........00:0:c0-0+~ an h+ob 12 h+6 
Thin cire.plate: rad.r,diam.h,ax. diam, Yor Yr? = h? + 16 
Flat cire, ring: diams. h, h’, axis diam. 4s Vh2-+h'2 (h? 0) a 16 
Solid circular cylinder: length J, SRS Ea yet 
axis diameter at mid-length....... 0289 4/1? + 31? 12 an 4 
Circular plate: solid wheel of uni- 
form thickness, or cylinder of any .71r V2 
etd splerred e axis Se Cg mes 
ollow cire. cylinder, or flat ring: Ri p72 R2-+ 7?) +2 
1, length; R, 7, outer and inner 011 VR str G ae “i 3 
radii, Axis, 1, longitudinal axis; [ | 289 4/12--3(R? +72) rr} + PraeLas 
2, diam. at mid-length,....... .... 2 
: Peas Ley es 
Same: very thin, axis its diameter.... 289 4/1? + 6R2 2 PF 3 
** radius 7; axis, longitud’l axis.. r 2 
Cireumf. of circle, axis its cones SAAS Se 72 
: § “diam. .....- tir 2 
eenoe hice at its pipioe -6325r diya 
pheroid: equatorial radius r, 
volving polar axis d........... : Bane 68257 2/51? 
Paraboloid: + = rad. of b rev. 5773r 2 
on eats ae are, mide bet @2 
ipsoid: semi-ax volv- ae pee Bh 
ing on axis 2a...,.... a ee Beas: f 4472 Yb? + c? 5 
Spherical shell: radii R, r, ae 6325 Beir 2R5—75 
Oniits diam. 22%: eae seeneis « eeseee : R3 — r3 5 R3 — 78 
Same: very thin, radius 7... ......... 81657 Zor? 
Solid cone: + = rad. of base, rev, on ; BATT 0.372 
BRIGHT ar cate do cnee SCE e reas oe ate 3 


> 


CENTRES OF OSCILLATION AND OF PERCUSSION. 


Centre of Oscillation.—If a body oscillate about a fixed horizontal 
axis, not passing through its centre of gravity, there is a point in the line 
drawn from the centre of gravity perpendicular to the axis whose motion 
is the same as it would be if the whole mass were collected at that point 
and allowed to vibrate as a pendulum about the fixed axis, This point is 
called the centre of oscillation. 

The Radius of Oscillation, or distance of the centre of oscillation 
from the point of suspension = the square of the radius of gyration + dis- 
tance of the centre of gravity from the point of suspension or axis. The 
centres of oscillation and suspension are convertible. 

If a straight line, or uniform thin bar or ie al be suspended at one end, 
oscillating about it as an axis, the centre of oscillation is at 3g the length of 
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the rod from the axis. If the point of suspension is at 34 the length from 
the end, the centre of oscillation is also at 24 the length from the axis, that 
is, itis at the other end. In both cases the oscillation will be performed in 
the same time. If the point of suspension is at the centre of gravity, the 
length of the equivalent simple pendulum is infinite, and therefore the time 
of vibration is infinite. : 
For a sphere suspended by a cord, r= radius, h = distance of axis of 
motion from the centre of the sphere, hi = distance of centre of oscillation 


from centre of the sphere, Z = radius of oscillation = h +hWV=h+ : m. i 
If the sphere vibrate about an axis tangent to its surface,h =r, andl=r 
+2/5r, If h = 10r,0= 107+ = 


Lengths of the radius of oscillation of a few regular plane figures or thin 
plates, suspended by the vertex or uppermost point, 

‘ ist. When the vibrations are flatwise, or perpendicular to the plane of the 
gure: 

In an isosceles triangle the radius of oscillation is equal to 34 of the height 
of the triangle. 

In a cirele, 54 of the diameter. 

In a parabola, 5/7 of the height, 

2d. When the vibrations are edgewise, or in the plane of the figure: - 

In a circle the radius of oscillation is 34 of the diameter. 

In a rectangle suspended by one angle, % of the diagonal. 

In a parabola, suspended by the vertex, 5/7 of the height, plus 14 of the 
parameter, : 

In a parabola, suspended by the middle of the base, 4/7 of the height plus 
14 the parameter, 

Centre of Percussion.—The centre of percussion of a body oscillat- 
ing about a fixed axis is the point at which, if a blow is struck by the body, 
the percussive action is the same as if the whole mass of the body were con. 
centrated at the point. This point is identical with the centre of oscillation. 


THE PENDULUM. 

A body of any form suspended from a fixed axis about which it oscillates 
by the force of gravity is called a compound pendulum, The ideal body 
concentrated at the centre of oscillation, Suspended from the centre of sus- 
pension by a string without weight, is called a simple pendulum. This equi- 
valent simple pendulum has the same weight as the given body, and also 
the same moment of inertia, referred to an axis passing through the point 
of suspension, and it oscillates in the same time. 

The ordinary pendulum of a given length vibrates in equal times when the 
angle of the vibrations does not exceed 4 or 5 degrees, that is, 2° or 214° each 
side of the vertical. This property of a pendulum is called its isochronism. 

The time of vibration of a pendulum varies directly as the square root of 
the length, and inversely as the square root of the acceleration due to grave 
ity at the given latitude and elevation above the earth’s surface. 

If T = the time of vibration, J = length of the simple pendulum, g = accel« 


eration = 32.16, T= + 5 since w is constant, T'oc ae At a given loca- 


g 
tion g is constant and Tee V7, If % be constant, then for any location 


2 
To eee: If Tbe constant, gT? = wl; 2 @ Os..0.= sis From this equation 
5 i 
the force ot gravity. at any place may be determined if the length of the 
simple pendulum, vibrating seconds, at that place is known. At New York 
this length is 39,1017 inches = 3.2585 ft., whence g = 82.16 ft. At Londonthe — 
length is 39.1393 inches. At the equator 39.0152 or 39.0168 inches, according 
to different authorities. 
Time of vibration of a pendulum of a given length at New York 


t= peat Aa Ve q 
= 89.1017 ~ 6.253” | 


4 
t being in seconds and 2 ininches. Length of a endulum having a gi 
time of vibration, 1 = t# x 39.1017 inches, y ‘anes 
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The time of vibration of a pendulum may be varied by the addition of a 
weight at a point above the centre of Suspension, which counteracts the 
lower weight, and lengthens the period of vibration. By varying the height 
of the upper weight the time is varied. 

To find the weight of the upper bob of a compound pendulum, vibrating 
seconds, when the weight of the lower bob, and the distances of the weights 
from the point of suspension are given: 


gy (89. xD) ~ D2 
Best x hae 


W = the weight of the lower bob, w= the weight of the upper bob; D= 
' the distance of the lower bob and d = the distance of the upper bob from 
the point of suspension, in inches. ‘ 

Thus, by means of a second bob, short pendulums may be constructed to 

’ vibrate as slowly as longer pendulums. 

By increasing w ord until the lower weight is entirely counterbalanced, 
the time of vibration may be made infinite, 

Conical Pendulum.—Aa weight suspended by a cord and revolving 
at a uniform speed in the circumference of a circular horizontal plane 
whose radius is7, the distance of the plane below the point of suspension be- 
ing h, is held in equilibriurn by three forces—the tension in the cord, the cen- 
trifugal force, which tends to increase the radius 7, and the force of gravity 
acting downward. If y= the velocity in feet per second, the centre of 
gravity of the weight, as it describes the circumference, g = 82.16, and r 
and h are taken in feet, the time in seconds of performing one revolution is 


2ar h, ticle es 
tn = on 4/3 b= 2 = gu6e, 


If = 1 second, h = .8146 foot = 9.775 inches. " 
The principle of the conical pendulum is used in the ordinary fly-ball 
' governor for steam-engines, (See Governors.) 


CENTRIFUGAL FORCE, 


A body revolving in a curved path of radius = R in feet exerts a force, 

called centrifugal force, #7, upon the arm or cord which restrains it from 
) moving in a straight line, or “flying off at a tangent.” If W = weight of 
| the body in pounds, V = number of revolutions per minute, vw = linear 
velocity of the centre of gravity of the body, in feet per second, g = 32.16, 
then 

2rRN We? We? _ W4r°RN? _ WRN? _ 

v= * "= oR = RAR = 36009 ~~ 29337 = -0003410W RI? Ibs. 

If m = number of revolutions per second, F = 1.2276 WRn?. 

(For centrifugal force in fly-wheels, see Fly-wheels,) 


VELOCITY, ACCELERATION, FALLING BODIES, 


ij ¥, pomety is the rate of motion, or the distance passed over by a body in 
-‘If's = space in feet passed over in ¢ seconds, and v = velocity in feet per 
- second, if the velocity is uniform, 
v=% st; tas. 
If the velocity varies uniformly, the mean velocity vp = Sees, in which 
__ », is the velocity at the beginning and vg the velocity at the end of the time ¢ 


gx DE Mey, i 


ss aaa 


@. eye te vet elie peje: el etdp 


Acceleration is the change in velocity which takes place in a unit of 
time. Unit of acceleration = a= 1 foot per second in one second. For 
uniformly varying velocity, the acceleration is a constant quantity, and 


5 a= 2; Ug=v;, at; v, = v9 - at; t= =, Am) 
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If the body start from rest, v; = 0; then 
m= o3 Ug= Wy a= | Ug= at; vg—at =O; t=. 
Combining (1) and (2), we have 
af 


2 — y,2 at? 
ga Oe seul & = vet ~ > 

If v, =0,s = “2+, 

Retarded Motion.—If the body start with a velocity v, and come ta 
rest, vg = 0; thens= Bt 

In any case, if the change in velocity is v, 

v v3 a 
= —f: =—>s = -f2, 
Sie ft 8 oa? &s af 

For a body starting from or ending at rest, we have the equations 

t2 
v= at; 8 = ot; ae S% vt = us, 

Falling Bodies.—In the case of falling bodies the acceleration due 
to gravity is 32.16 feet per second in one second, = g. Then if v = velocity 
acquired at the end of ¢ seconds, or final velocity, and h = height or space 
in feet passed over in the same time, 


ecko 2h 
vagt = 8216 = V2h= 8.02 Vr =F3 


2 2 
be = 16,0807 = 5 =a =3; 


tal ie eee 
Np Bae g 401 36" 
u = space fallen through in the Tth second = 9(T’— ¥%). 


From the above formula for falling bodies we obtain the following: 
During the first second the body starting from a state of rest (resistance 
of the air neglected) falls g + 2 = 16,08 feet ; the acquired velocity is g = 


82.16 ft. per sec.; the distance fallen in two seconds ish = = = 16.08 X4= 


64.32 ft.; and the acquired velocity is v = gt = 64.32 ft. The acceleration, or 
increase of velocity in each second, is constant, and is 32.16 ft. per sec. Solvy- 
ing the equations for different times, we find for 


Seconds, ¢.... Ded Ralvtenee ease eae mean see eee | Sali: RTA?” Sh 6 

Acceleration) OQ irsess-uscc ss pac caceaexsnSes100 ed 1 1 1 1 1 

Velocity acquired at end of time, v.... 82.16 X 1 @ 8 4 5 6 

Height of fall in each second, w....... = Mo By 8, ep BireiPe a s9 erst 
82.16 


Total height of fall, W......csececescees 3 xX 1 4 9 16 B 36 
Walue of g.—The value of g increases with the latitude, and decreases 
with the elevation, At the latitude of Philadelphia, 40°, its value is 32.16. At 
the sea-level, Everett gives g = 32.173 — .082 cos 2 lat. —.000003 height in 
feet. At Paris, lat. 48° 507 N., 9 = 980.87 cm. = 32.181 ft, - 
Values of 4/29, calculated by an equation given by C. S, Pierce, are given 
in a table in Smith’s Hydraulics, front whickwe tiles the following : a 
Latitude..... ey Oe 10° 20° 80° 40° 50° 60° 
Value of 4/2g.. 8.0112 8.0118 8.0137 8.0165 8.0199 8.0235 8.0269 


The value of 4/2g decreases about .0004 for-every 1000 feet increase in eles 
vation above the sea-level. 

For all Van calculations for the United States, g is generally taken at 
82.16, and 4/29 at 8.02. In England g = 82,2, 4/2g = 8,025. ical limi 
ing values of A for the United faite accutane Fines. epee pa 

Latitude 49° at sea-level ......... oe sseneeeccsescees voce J = 32,186 
“25° 10,000 feet above the SOB. .eccesevcsccerens J = 32.089 


a ey: 


t, 
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| Fig. 95 represents graphically the velocity, space, etc., of a body falling for 


six seconds. Theverticallineattheleftis , yw w ¢t 
the time in seconds, the horizontal lines 
represent the acquired velocities at the ” 
end of each second = 82.16¢. Theareaof 1 1 2 1 
the small triangle at the top represents 
the height fallen throug in the first ' 
second = 4g = 16.08 feet,andeach ofthe 4 3 4 2% 
other triangles is an equa space. The 
number of triangles between each pair of 
horizontal lines represents “he height of 9 5 6 8” 
fall in each second, and the number of 
triangles between any horizontal line and 
the top is the total height fallen during 16 ?% 8 4” 
the time. The figures under h, wu, and v 
adjoining the cut are to be multiplied by 
16.08 to obtain the actual velocities and 25 9 10 5” 
heights for the given times. 
Angular and Linear Velocity 
of a Turning Body.—Let r = radius of a 86 11 12 6” 
turning body in feet, 2 = number of revo- Wie. 95 
lutions per minute, v = linear velocity of 1G. 90s 
a point on the circumference in feet per second, and 60v = velocity in feet 
per minute. 


v= 60” 60v = 2nrn. 


Angular velocity is a term used to denote the angle through which any 
radius of a body turns in a second, or the rate at which any point in it 
having a radius equal to unity is moving, expressed in feet per Second. The 
nnit of angular velocity is the angle which at a distance = radius from the 


centre is subtended by an are equal to the radius, This unit angle = ® 


degrees = 57.8°. 2m x 57,39 = 360°, or the circumference. If 4 = angular 
2 
velocity, v= Ar, A= : = a The unit angle 2 is called a radian. 


Weight Corresponding to a Given Acquired Velocity. 


B : A ry 6 

aie 212/32 

|B =| s |B 

@ 

e | a mye | wo 
(feet | tect. feet. | fet | feet, 
.25 | .001 89.8.9 97 146 
50 | .003 92.2] 98 | 149 
7% | .008% 94:6} 99 | 152 


ox ow oO 
. 
i 
oO 
o 


. 


WROROwMHOCRHVRMOAA COM 


Pot ak ek et ek ek 
Oo wore o 


140.3 | 900 | 12593 
143.3 $1000 | 15547 


DowmoOuUwwWUNIONM ADWARE 
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Falling Bodies: Velocity Acquired by a Body Falling a 


Given Height. 
Rie POM RRY WES RET cosa we ee 
3 & 3 P hy nig) 3 B 3 P=) Be & 
‘B/ 373) 8 s72|/272/8)3138 
‘D BS) oO = = 3) 3 oO 3 oO 3 
Rip Ta) s PTa;Sta;es iais 

feet feet feet feet feet feet 
feet. p.sec feet. p.sec p.see, feet, p.sec feet, p.sec, feet p.sec, 
005 Boys 39 | 5.01 8.79 95. 17.9 88.5 68.1 
010 -40 | 5.07 8.878 .2 | 18.3 38.9 68.5 
-015 | .98 41 | 5.14 8.94 .4 | 18.7 89.3 69.0 
-020 | 1.13 242 | 5.20 9.01 -6 | 19.0 39.7 69.5 
2025 | 1.27 «43 ) 5.26 9.089 .8 | 19.3 40.1 69.9 
-030 | 1.39 44 | 5.32 9.15 #6. 19.7 40.9 70.4 
-085 | 1.50 245 | 6.38 9.21 22 | 20.0 41.7 70.9 
-040 | 1.60 -46 | 5.44 9.29 4 | 20.8 42.5 71.3 
-045 | 1.70 -47 | 5.50 9.369 .6 | 20.6 43.2 71.8 
-050 | 1.79 -48 | 5.56 9.439 .8 | 20.9 43.9 72.2 
-055 } 1.88 -49 | 5.61 9.49 8 7%. 21.2 44.7 72.6 
-060 | 1,97 -60 | 5.67 9.57% .2 | 21.5 45.4 73.1 
2065 | 2.04 51 | 5.73 9.629 .4 | 21.8 46.1 93.5 
-070 | 2.12 -52 | 5.78 § 1.461 9.708 .6 | 22.9 46.8 74.0 
:075 | 2.20 -53 | 5.84 91.48] 9.77 18 | 99.4 47.4 4.4 
-080 } 2.27 -54 | 5.90 § 1.50) 9,82 9 8. 22.7 48,1 74.8 
-085 | 2.84 +55 | 6.95 $1.52] 9.908 .2@ | 93/0 48.8 5.3 
+090 | 2.41 -56 | 6.00 § 1,54) 9.96 f .4 | 23.3 49.4 15.7 
095 | 2.47 -5Y } 6.06 9 1.56/10.0 6 | 23.5 50.1 96.1 
+100 | 2.54 -58 | G.11 § 1.58}10.1 -8 | 23.8 50.7 76.5 
+105 | 2.60 -b9 | 6.16 § 1.60/10.2 § 9, 24.1 51.4 76.9 
+110 | 2.66 -60 | 6.21 9 1.65/10.3 2 | 24.3 52.0 7.4 
0115 | 2.72 -62 | 6.82 9 1.70/10.5 4 } 24.6 52.6 V7.8 
120 | 2.78 -64 } 6.42 9 1.75} 10.6 6 | 24.8 53.2 78.2 
+125 | 2.84 -66 | 6.52 7 1.80}10.8 8 | 25.1 53.8 48.6 
+130 | 2.89 -68 | 6.61 § 1.90]11.1 10. 25.4 54.4 79.0 
-14 | 3,00 -70 | 6.71 9 2. $11.4 5 | 26.0 55.0 79.4 
15 | 3.11 8 .72 | 6.81 2.1 111.7 fia. 26.6 55.6 79.8 
16 | 3.21 +74 | 6.909 2.2 [11.9 fF . 27.2 56.1 80.2 
1? | 8,31 -76 | 6.99 2.3 }12.2 #12. 27.8 56.7 89.7 
18 | 3.40 78 | 7.09 9 2.4 112.4 «5 } 28.4 57.38 98.3 
19 | 3.50 86 | 7.18 § 2.5 ]12.6 [l13. 28.9 f 52 | 57.8 106 
220 | 3.59 82 } 7.26 ff 2.6 112.9 -& | 2959 53 | 58.4 114 
21 | 3.68 -84 |} 7.35 1 2.7 118.2 fia. 30.09 54 | 59.0 120 
22 =| 8.76 86 | 7.44 2.8 113.4 4 8.59 55 | 59.5 126 
R83 | 8.85 -88 | 7.58 § 2.9 }18.7 fis. 31.1 56 | 60.0 133 
224 | 8.93 90 | 7.6193. [13.9 -® 131.69 57 | 60.6 139 
25 | 4.01 -92 | 7.69 9 3.1 [14.1 ; 82.1 58 | 61.1 150 
+26 | 4.09 94 | 7.78 9 3.2 J14.3 -+5 | 82.69 59 | 61.6 160 
227 «| 4.17 -96 | 7.86 9 3.3 114.5 0 33.1 60 | 62.1 170 
028 | 4.25 -98 | 7.94 f 3.4 114.8 -5 | 33.69 61 | 62.7 179 
29 | 4.32 [1.00 | 8.02 9 3.5 115.0 84.09 °2 | 62.2 188 
+30 || 4.39 9 1,02 | 8.10 9 3.6 115.2 -5 | 34.50 63 | 63.7 197 
Ol | 4.47 1.04 | 8.18 8 3.7 115.4 : 85.08 64 | 64.2 212 
-32 | 4.54 9 1.06 | 8.26 3.8 115.6 -5 | 35.49 65 | 64.7 227 
+33 | 4.61 7 1.08 | 8.84} 3.9 15.8 } 85.9 f 66 | 65.2 241 
034 | 4.68 [1.10 | 8.41] 4. 116.0 +5 | 36.89 67 | 65.7 254 
85 | 4.74 7 1.12 | 8.49} 52 116.4 . 86.8 7 68 | 66.1 359 
+86 | 4.81 1 1.14 | 8.579 4 116.8 -5 | 87.28 69 | 66.6 439 
+87 =| 4.88 1 1.16 | 8.64 .6 17.2 : 87.6] 70 { 67.1 507 
88 | 4.94 71.18 | 8.72} 23 117.6 4 88.1 67.6 568 


Parallelogram of Velocities,—The principle of the composition 
and resolution of forces may also be applied to velocities or to distances 
moved in given intervals of time. Referring to Fig. 88, page 416, if a body 
at O bas a force applied to it which acting alone would give it a velocity 
represented by OQ per second, and at the same time it is acted on by 


Ser ee 
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‘another force which acting alone wot? give it a velocity OP per second, 


the result of the two forces acting together for one second will carry it te 
&, OR being the diagona: of the parallelogram of OQ and OP, and the 
resultant velocity. If the two component velocities are uniform, the result- 
ant will be uniform and the line OR will be a straight line; but if either 
velocity is a varying one, the line will be a curve. Fig. 96 shows the 
resultant velocities, also the path traversed 
by a body acted on by two forces, one of 
which would carry it at a uniform velocity 
over the intervals 1, 2, 3, B, and the other of 
which would carry it by an accelerated mo- 
tion over the intervals. a, 6, c, Din the same 
times, At the end of the respective inter 
vals the body will be found at ©;, C2, Cs, C, 
and the mean velocity during each interval 
is represented by the distances between 
these points. Such a curved path is trave 
ersed by a shot, the impelling force from 
the gun giving it a uniform velocity in the 
firection the gun is aimed, and gravity giv- 
ing it an accelerated velocity downward, Fic. 96, 
The path of a projectile is a parabola. The 
distance it will travel is greatest when its initial direction is at an angle 45° 
above the horizontal. 

Mass—¥Force of Acceleration.—The mass of a body, or the quantity 
of matter it contains, is a constant quantity, while the weight varies according 
to the variation in the force of gravity at different places. If g= the acceler- 


ation due to gravity, and w = weight, then the mass m = hols w=mg, Weight 


here means the resultant of the force of gravity on the particles of a body, 
such as may be measured by a spring-balance, or by the extension or 
deflection of a rod of metal loaded with the given weight. 

Force has been defined as that which causes, or tends to cause, or to 
destroy, motion. It may also be defined (Kennedy’s Mechanics of Ma- 
chinery) as the cause of acceleration; and the unit of force as the force 
required to produce unit acceleration in a unit of free mass. 

Foree equals the product of the mass by the acceleration, or f = ma. 

Also, if v = the velocity acquired in the time ¢, ft = mv; f = mv-+ ¢; the 
acceleration being uniform. 

The force required to produce an acceleration of g (that is, 82.16 ft. per 


Rec.) in one second is f= mg = a! =w,or the weight of the body. Also, 


fe ma = m2 7 “1, in which vq is the velocity at the end, and v, the 
velocity at the beginning of the time ¢, and f= mg = . Gee 7a 


£ = ¢. or, the force required to give any acceleration to a body is to the 


weight of the body as that acceleration is to the acceleration produced by 
grayity. (The weight w is the weight where g is measured.) ; 

EXAMPLE.—Tension in a cord lifting a weight. A weight of 100 Ibs. is 
lifted vertically by a cord a distance of 80 feet in 4 seconds, the velocity 
uniformly inereasing from 0 to the end ef the time. What tension must be 
maintained in the cord? Mean yelocity = v» = 20 ft. per sec.; final velocity 
=Vq = 2v= 40; accele”ation a =" = < = 10, Foreef=ma= So = wx 
10 = 31.1 Ibs. This is the force required to produce the acceleration only; 
to it must be added the force required to lift the weight without accelera- 
tion, or 100 lbs., making a total of 131.1 Ibs, 

The Resistance to Acceleration is the same as the force required to pro= 


w (va—3) 


_ fluce the acceleration = A t 


Formule for Accelerated Motion.—For cases of uniformly 
accelerated motion other than those of falling bodies, we have the formulsa 
elready given, f = aa, = = a5"), If the body starts from rest, 0) = 0, Ug 
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=v,andf= 2 Fa fot = wt. We also haves = “. Transforming and sum 
stituting for g its value 32.16, we obtain 
_ we tT GUST RE e 32.16ft _ 64.32fs | 
/= Gis“ Bi 16.08 @=—— “ea ® 
wer _ 16.08/t2 vt | (Fs _ 82.16f¢ | 
oS Gh Bafer 1a Gone Meee va s.or4/2 = wow? 


PR Np UR gy) Cs: 
82.16f — 4.01 ft 


23 

For any change in velocity f = w(t ). 

(See also Work of Acceleration, under Work.) 

Motion on Inclined Pianes.—The velocity acquired by a body 
descending an inclined plane by the force of gravity (friction neglected) is 
igen to that acquired by a body falling freely from the height of the plane. 

he times of descent down different inclined planes of the same height 
vary as the length of the planes. 

The rules for uniformly accelerated motion apply to inclined planes. Ifa 
is the angle of the plane with the horizontal, sin a = the ratio of the height 


to the length = ‘, and the constant accelerating force is g sina. The final 


velocity at the end of ¢ seconds is v= gt sina. The distance passed over in 
t seconds ist = 14 gt? sin a, The time of descent is 


Be ie eee 
=V Gsina 4.01 Vi 


MOMENTUM, VIS-VIVA. 
Momentum (often erroneously defined as the quantity of motion in q 
body) is the product of the mass by the velocity atany instant = mv = ey 


Since the moving force = product of mass by acceleration, f = ma; and if 
mu . 
the velocity acquired in ¢ seconds = v, or a = : f= 3 Jt m03 that is, 
the product of a constant force into the time in which it acts equals numer 
ically the momentum, 

Since ft = mv, if t= 1 second mv = f, whence momentum might be de- 
fined as numerically equivalent to the number of pounds of force that will 
stop a moving body in 1 second, or the number of pounds of force which 
acting during 1 second will give it the given velocity. 

is-viva, or living force, is a term used by early writers on Mechanics 
to denote the energy stored in a moving body. Some defined it as the pro- 


duct of the mass into the square of the velocity, mv?, = % v2 others as one 


half of this quantity or J4mv?, or the same as what is now known as energy. 
The term is now practically obsolete, its place being taken by the word 
energy. 
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Work: is the overcoming of resistance through a certain distance. It is 
measured by the product of the resistance into the space through which it 
is overcome. It is also measured by the product of the moving force into 
the distance pe obes which the force acts in overcoming the resistance. 
Thus in lifting a body from the earth agatast the attraction of gravity, the 
resistance is the weight of the body, and the product of this weight into the 
height the body is lifted is the work done. 

The Unit of Work, in British measures, is the Scot-pound, or the 
amount of work done in overcoming a pressure or weight equal to one 
pound through one foot of space. 
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The work performed by a piston in driving a fluid before it, or by a fluid 
in driving a piston before it, may be expressed in either of the following 
ways: 

Resistance x distance traversed 
= intensity of pressure X area X distance traversed ¢ 
= intensity of pressure X volume traversed. 


The work performed in lifting a body is the product of the weight of the 
body into the height through which its centre of gravity is lifted. 

It 2 machine lifts the centres of gravity of several bodies at once to heights 
either the same or different, the whole quantity of work performed in so 
doing is the sum of the several products of the weights and heights ; but 
that quantity can also be computed by multiplying the sum of all the 
weights into the height through which their common centre of gravity is 
lifted. (Rankine.) 

Pevwver is the rate at which work is done, and is expressed by the quo- 
tient of the work divided by the time in which it is done, or by units of work 
per second, per minute, ete., as foot-pounds per second. The most common 
unit of power is the horse-power, established by James Watt as the power of 
a strong London draught-horse to do work during a short interval. and used 
by him to measure the power of his steam-engines, This unit is 33,000 foot- 

ounds per minute = 550 foot-pounds per second = 1,980,000 foot-pounds per 

our. 
Expressions for Force, Work, Power, etc. 


The fundamental conceptions in Dynamics are: 

Mass, Force, Time, Space, represented by the letters M, F, T, 8. 

Wiass = weight 9g. Ifthe weight of a body is determined by a spring 
balance standardized at London it will vary with the latitude, and the value 
of g to be taken in order to find the mass is that of the latitude where the 
weighing is done. If the weight is determined by a balance or by a plat- 
form scale, as is customary in engineering and in commerce, the London 
value of g, — 82.2, is to be taken. 

Welocity = space divided by time, V= S + 7, if V be uniform. 

W ork = force multiplied by space = FS = 144MV2 = FVT. (V uniform.) 

Power = rate of work = work divided by time = FS + T = P= prod- 
uct of force into velocity = FV. 

Power exerted for a certain time produces work; PT = FS = FVT. 

Effort is a force which acts on a body in the direction of its motion. 

Resistance is that which is opposed to a moving force. It is eqnai atid 
Dpposite to force, : z 

Worse=-power Hours, an expression for work measured as tha 
product of a power into the time during which it acts = PT. Sometimes it 
is the summation of a variable power for a given time, or the average power 
multiplied by the time. 

OrEys or stored work, is the a at for performing work. It is 
measured by the same unit: as work, that is, in foot-pounds. It may he 
either potential, as in the case of a body of water stored ina reservoir, 
capanle of doing work by means of 2 water-wheel, or_actucal. sometimes 
called kinetic, which is the energy of a moving body. Potential energy is 
measured by the product of the weight of the stored body into the distance 
through which it is capable of acting, or by the product of the pressure it 
exerts into the distance through which that pressure is capable of acting. 
Potential energy may also exist as stored heat, or as stored chemical energy, 
as in fuel, gunpowder, etc., or as electrical energy, the measure of these 
energies being the amount of work that they are capable of performing. 
Actual energy of a moving body is tho work which it is capable of performing 
against a retarding resistance beforo being brought to rest, and is equal to 
the work which must be done upon it to brirg it from a state of rest to its 
actual velocity. & 

The measure of actual energy is tho product of the weight of the body 
into the height from which it must fall to acquire its actual velocity. Ifv= 
the velocity in feet per second, according to the principle of falting bodies, 


2 
h, the height due to the velocity = a and if w = the weight, the energy = 


Jomv? = wv? + 2g = wh. Since energy is the capacity for performing 
work, the units of work and energy are equivalent, or /S = ygmv? = wh, 
Energy exerted = work done, 
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The actual energy of a rotating body whose angular velocity is 4 and 
moment of inertia Swr? = J is ——, that is, the product of the moment of 
inertia into the height due to the velocity, A, of a point whose distance from 


2 
the axis of rotation is unity; or it is equal to os , in which w isthe weight of 
the body and wv is the velocity of the centre of gyration. 

Work of Acceleration, —The work done in giving acceleration to a 
body is equal to the product of the force producing the acceleration, or of 
the resistance to acceleration, into the distance moved ina given time. This 
force, as already stated equals the product of the mass into the acceleration, 


orf=ma= * ae, If the distance traversed in the time ¢ = s, then 
W Vg = 1, 


‘work = fs = 


t 
EXAMPLE.—What work is required to move a body weighing 100 Ibs. hori- 
zontally a distance of 80 ft. in 4 seconds, the velocity uniformly increasing, 
friction neglected ? 
Mean velocity vp = 20 ft. per second; final velocity = v, = 2uy = 40; a 


s , w 
velocity v, = 0; acceleration, a = “~——+ — z= 10; force = —a = 32.16 38 


t 
40 = 31.1 Ibs. ; distance 80 ft.; work = fs = 81.1 X 80 = 2488 foot-pounds. 
The energy stored in the body moving at the final velocity of 40 ft. per 


second is " ; ine 
w 00 x . 
Oe 8 ees 
Ygnv? = 3 an =sx m6 = 2488 foot-pounds, 


which equals the work of acceleration, 


fs = — Ss =— 4 4t=5—vq. 


If a body of the weight TW falls from a height H, the work of acceleration 
fs ed ee or the same as the work required to raise the body to the 
same height. 

Work of Accelerated Rotation.—Let A = angular velocity of a 
solid body rotating about an axis, that is, the velocity of a particle whose 
radius is unity. Then the velocity of a particle whose radius is ris v = Ar. 
If the angular velocity is accelerated from A, to Ag, the increase of the 
No of the particle is v, — v, = 7(Ay — Ay), and the work of accelerating 

i 

WL, Vz2— U7 — wrt Ay2?—A,? 
9 eee] Se oh 
in which w is the weight of the particle. 

The work of acceleration of the whole body is 


3} w x Uo? — V2 ; _ Ag?—Ay? 
2 2g 
The term wr? is the moment of inertia of the body. } 

Force of the Blow » of a Steam Hammer or Other Fall= 
ing Weight.—The question is often asked: * With what force does a 
falling hammer strike ?” The question cannot be answered directly, and 
it is based upon a misconception or ignorance of fundamental mechanical 
laws. ‘he energy, or capacity of doing work, of a body raised to a given 
height and let fall cannot be expressed in pounds, sieap hh, but only in foot- 
poenes. which is the product of the weight into the height through which 
it fails, or the product of its weight + 64,32 into the square of the velocity, 
in feet per second, which it acquires after falling through the given height, 
If F' = weight of the body, M its mass, g the acceleration due to gravity, 
S the height of fall, and » the velocity at the end of the fall, the energy in 
the body just before striking, is WS = YyMv? = Wo? + 2g = Wy? + 64,32, 
which is the general equation of energy of a moving body, Just as the 
energy of the body is a product of a force into a distance, so the work it 
does when it strikes is not the manifestation of a force, which can be ex- 
pressed simply in pounds, but it is the overcoming of a resistance through 
a certain distance, which is expressed as the product of the average resist 


X Sr. 
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ance into the distance through which it is exerted. If a hammer weighing 
100 Ibs. falls 10 ft., its energy is 1000 foot-pounds. Before being brought to 
rest if must do 1000 foot-pounds of work against one or more resistances. 
These are of various kinds, such as that due to motion imparted to the body 
struck, penetration against friction, or against resistance to shearing or 
other deformation, and crushing and heating of both the falling body and the 
body struck. The distance through which these resisting forces act is gen- 
erally indeterminate, and therefore the average of the resisting forces, 
which themselves generally vary with the distance, is also indeterminate. 
Impact of Bodies.—If two inelastic bodies collide, they will move on 
together as one mass, with a common velocity. The momentum of the com- 
bined mass is equal to the sum of the momenta of the two bodies before im- 
pact. If m, and mg are the masses of the two bodies and v, and vy their re- 
spective velocities before impact, and v their common velocity after impact, 
(my + Ma)v = M4Vz + Myo, ‘ 
_ ™4V1 + Mg % 


~ mz + m9 
% 4 7 3 M1V1 —MqVq i 
If the bodies move in opposite directions v = Canary re or, the velocity 
1 

of two inelastic bodies after impact is equal to the algebraic sum of their 
momenta before impact, divided by the sum of their masses. 

If two inelastic bodies of equal momenta impinge directly upon one an- 
other from opposite directions they will be brought to rest. 

impact of Inelastic Bodies Causes a loss of Energy, and 
this loss is equal to the sum of the energies due to the velocities lost and 
gained by the bodies, respectively. 


Yam ,v1? + Yomqva? — Lam, + Mq)v? = 4m, (vy — v)? + Ymg(vg — v)?. 


In which v, — v is the velocity lost by m, and v — vg the velocity gained by mq. 
Example—Let my = 10, mg = 8, vy = 12, v, = 15. 
10x 12-8 15 _ 


If the bodies collide they will come to rest, for v = face Gaanne 


The energy loss is 
410 K 144 +148 x 225 — 1418 x 0 = 1410(12 — 0)? + 148(15 — 0)2 = 1620 ft. Ibs. 

What becomes of the energy lost ? Ans. It is used doing internal work 
on the bodies themselves, Giang ine their shape and heating them, 

For imperfectly elastic bodies, let e = the elasticity, that is, the ratio 
which the force of restitution, or the internal foree tending to restore the 
shape of a body after it has been compressed, bears to the force of compres- 
sion; and let m, and mg be the masses, v, and vg their velocities before im- 
pact, and v,’v,’ their velocities after impact: then 


p — May + Myvg _ Mge(V1 — V2), 
nad , 


0. 


Uy 


m, + Me M1 + Mg 
Poe MV, + Mygve MeV, — Ua). 
ig My, + Mg Ny + Mg 


If the bodies are perfectly elastic, their relative velocities before and after 
impact are the same. Thatis: v,/ — v9’! = vq — Vy. § 

In the impact of bodies, the sum of their momenta after impact is the 
same as the sum of their momenta before impact. 


MyVq! + MgVq! = MV + MqVoe 


For demonstration of these and other laws of impact, see Smith’s Me- 
chanies; also, Weisbach’s Mechanics, 
Energy of Recoil of Guns.—(fng’g, Jan. 25, 1884, p. 72.) 
Let W = the weight of the gun and carriage; 
V = the maximum velocity of recoil; 
w = the weight of the projectile; 
v = the muzzle velocity of the projectile. 
Then, siuce the momentum of the gun and carriage is ected to the momen: 
tum of the projectile, we have WV = wv, or V= wv + W. 


*The statement by Prof. W. D. Marks, in Syeizomis Mechanics, 20th edi- 
tion, p. 454, that this formula is in error is itself erroneous, 


‘ 
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“Taking the case of a 10-inch gun firing a 400-lb. projectile with a muzzle 
velocity of 1400 feet per second, the weight of the gun and carriage being 22 
tons = 49,280 lbs., we find the velocity of recoil = 


1400 x 400 


V= “79,280 = 11 feet per second. 
Now the energy of a body in motion is WV? + 29, 
2 
Therefore the energy of recoil = eee = 92,593 foot-pounds, 
400 < 14002 


The energy of the projectile is = 12,173,913 foot-pounds, 


2 X 82.2 


Conservation of Energy.—No form of energy can ever be pro © 
duced except by the expenditure of some other form, nor annihilated ex- 
cept by being reproduced in another form, Consequently the sum total of 
energy in the universe, like the sum total of matter, must always remain 
the same. (S. Newcomb.) Energy can never be destroyed or lost; it can 
be transformed, can be transferred from one body to another, but no 
matter what transformations are undergone, when the total effects of the 
exertion of a given amount of energy are summed up the result will be 
exactly equal to the amount originally expended from the source. This law 
is called the Conservation of Energy. (Cotterill and Slade.) 

A heavy body sustained at an elevated position has potential energy. 
When it falls, just before it reaches the earth’s surface it has actual or 
kinetic energy, due to its velocity. When it strikes it may penetrate the 
earth a certain distance or may be crushed. In either case friction results 
by which the energy is converted into heat, which is gradually radiated 
into the earth or into the atmosphere, or both. Mechanical energy and heat 
are mutually convertible. Electric energy is also convertible into heat or 
re Maer energy, and either kind of energy may be converted into the 
other, 

Sources of Energy.—The principal sources of enerey, on the earth’s 
surface are the muscular energy of men and animals, the energy of the 
wind, of flowing water, and of fuel. These sources derive their energy 
from the rays of the sun. Under the influence of the sun’s rays vegetation 
grows and wood is formed. The wood may be used as fuel under a steam 
boiler, its carbon being burned to carbonic acid. Three tenths of its heat 
energy escapes in the chimney and by radiation, and seven tenths appears 
as potential energy in the steam. In the steam-engine, of this seven tenths 
six parts are dissipated in heating the condensing water and are wasted; 
the remaining one tenth of the original heat energy of the wood is con- 
verted into mechanical work in the steam-engine, which may be used to 
drive machinery, This work is finally, by friction of various kinds, or pos- 
sibly after transformation into electric currents, transformed into heat, 
which is radiated into the atmosphere, increasing its temperature. Thus 
all the potential heat energy of the wood is, after various transformations, 
converted into heat, which, mingling with the store of heat in the atmos- 
phere, apparently is lost. But the carbonie acid generated by the combus- 
tion of the wood is, again, under the influence of the sun’s rays, absorbed 
by vegetation, and more wood may thus be formed having potential energy 

ual to the original, 

Perpetual Wotiomn.—The law of the conservation of energy, than 
which no law of mechanics is more firmly established, is an absolute barrier 
to all schemes for obtaining by mechanical means whatis called * perpetual 
motion,” or a machine which will do an amount of work greater than the 
equivalent of the energy, whether of heat, of chemical com ination, of elec- 
tricity, or mechanical energy, that is put into it, Such a result would be 
the creation of an additional store of energy in the universe, which is not 
possible by any human agency. 

The Efficiency of a Machine is a fraction expressing the ratio of 
the useful work to the whole work performed, which is equal to the ener; 
expended. ‘The limit to the efficiency of a machine is unity, denoting the 
efficiency of a perfect machine in which no work is lost. The difference 
between the energy expended and the useful work done, or the loss, is 
usually expended either in overcoming friction or in doing work on bodies 
surrounding the machine from which no useful work is received. Thus in 
an engine propelling a vessel part of the energy exerted in the cylinder 
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does the useful work of giving motion to the vessel, and the remainder is 
spent in overcoming the friction of the machinery and in making currents 
and eddies in the surrounding water. 


ANIMAL POWER. 
Work of a Man against Known Resistances, (Rankine.) 


U Maa 


Y, 3600 | ‘RV, RVT, 
Kind of Exertion. Fie ft. per (hours} ft.-lbs, | ft.-lbs. 
= sec. per |per sec.) per day, 
day). 


1. Raising his own weight up 

stair or ladder ............. 143 0.5 8 | 72.5 | 2,088,000 
2. Hauling up weights with rope, 

and lowering the rope un- 


Voaded eas Wik mneaea dee ee 40 0.75 6 30 648,000 
3. Lifting weights by hand...... 44 0.55 6 24.2 522,720 
4, Carrying weights up-stairs' 

and returning unloaded....} 143 0.18 6 18.5 399,600 
5. Shovelling up earth to a 

height of 5ft. 3in.......... 6 1.3 10 7.8 280,800 
6. Wheeling earth in barrow up 


slope of 1 in 12, 4% horiz. 
veloc. 0.9 ft. per sec. and re- 


turning unloaded....... ... 182 0.0%5 10 9.9 356,400 
%. Pushing or pulling horizon- 
tally (capstan or oar)....... 26.5] 2.0 8 | 53 1,526,400 
i 12.5 | 5.0 ? (s/c + i (eee Pes: SM 
8. Turning a crank or winch ,../+ 18.0] 2.5 8 | 45 1,296,000 
20.0 | 14.4 2 min.| 288 sw ieneinorine 
9. Working pump.. ....... .... 13.2) 2.5 10 83, 1,188,000 
10. Hammering...............--. 15 ? 8? ? 480,000 


EXPLANATION.—R, resistance; V, effective velocity = distance through 


which F is overcome = total time occupied, including the time of moving 


unloaded, if any; 7’’, time of working, in seconds per day; 7” + 3600, same 
time, in hours per day; RV, effective power, in foot-pounds per second; 
RVT, daily work. 


Performance of a Man in Transportin 
Morizontally. (Rankiue.) Shoals 


L LV, 
3600 | ibs, | ,2VT, 


_ | Ibs. con- 
(hours} con veyed 


er | veyed 
day). |1 foot. | 1 foot. 


i ’ 
Kind of Exertion. 1 he 


11, Walking unloaded, transport- 
ing his own weight........ 140 5 10 700 | 25,200,000 
12. Wheeling load Z in 2-whld. 
barrow, return unloaded..}| 224 1 10 873 | 13,428,000 
13. Ditto in 1-wh, barrow, ditto.. 132 1% 10 220 7,920,000 
14. Travelling with burden....., 90 7 225 5,670,000 
15. Carrying burden, returning 3 
qnloadeM Vas cevevenee se 140 1% 6 233 5,032,800 


16 Carrying burden, for 30 sec- 252 Disses [asscserareitt woe mi Ove valerate wee 
Roney eae 198 11.7 


HxpLanation.—L, load; V, effective velocity, computed as before; T”, 
time of working, in seconds per day; Z”’ + 3600, same time in hours per day; 
LV, transport per second, in Ibs. conveyed one foot; LV, daily transport. 
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In the first line ou. of each of the two tables above is the weight of the 
man taken into account in computing the work done, i 

Clark says that the average net daily work of an ordinary laborer at a 
pump, & winch, or a crane may be 
taken at 3300 foot-pounds per minute. 
or one-tenth of a horse-power, for 
hours a day; but for shorter periods 
from four to five times this rate may 
be exerted. 

Mr. Glynn says that a man may 
exert a force of 25 Ibs. at the handle 
of a crane for short periods; but that 
for continuous work a force of 15 Ibs. 
is all that should be assumed, moving 
through 220 feet per minute, 

Man-w heel.—Fig. 97 isa sketch 
of a very efficient man-power hoist- 
ing-machine which the author saw in 
Berne, Switzerland, in 1889, The face 
of the wheel was wide enough for 
three men to walk abreast, so that 
Fia. 97, nine men could work in it at one time, 


Work of a Horse against a Known Besistance, (Rankine.) 
pen eS A SiS Taek i a lee 


Kind of Exertion. R. Ve. |) = | BV.) ORV. 


1, Cantering and trotting, draw- min. 2214 } 
ing a light railway carriage|2 mean 30144 (1% 4 44716) 6,444,000 


(thoroughbred)......... .. max. 50 
2. Horse drawing cart or boat, 

walking (draught-horse)..,. 120 3.6) 8 432 12,441,600 
8. Horse drawing a gin or mill, ; 

VAIN) Peas Se tse ene 100 3.0] 8 300 8,640,000 
4. Ditto, trotting ............... 66 6.5 | 416 | 429 6,950,000 


ExpLANation.—R, resistance, in lbs.; V, velocity, in feet per second; 7” 
+ 3600, hours work per day; RV, work per second; RV, work per day. 

The average power of a draught-horse, as given in line 2of the above table, 
being 432 foot-pounds per second, is 432/550 = 0.785 of the conventional value 
assigned by Watt to the ordinary unit of the rate of work of prime movers. 
It is the mean of several results of ex: riments, and may be considered the 
average of ordinary performance under favorable circumstances. 


Performance of a Horse in Transporting Loads 
Horizontally. (Rankine.) 


Kind of Exertion. iG: v. PD, LY. LVT. 
pee R Se ee 
5. ee with cart, always 


(Oo 26 SBME: Sere ee 1500 3.6 10 5400 | 194,400,000 
6. Trotting, ditto....... ........] 750 V2 4% | 5400 87,480,000 
%, Walking with cart, going load- 

ed, returning empty; V, 

mean velocity... ... eyoten 1500 2.0 10 8000 | 108,000,000 
8. Carrying burden, walking... 270 8.6 10 972 34,992,000 
9, Ditto, trotting ..............., 180 GQ q 1296 32,659,200 


ExpLanation.—L, load _in lbs.; V, velocity in feet per second; 7+ 3600, 
working hours per day; LY, transport per second; LV, transport per day. 
This table has reference to conveyance on common roads only, and those 
evidently in bad order as respects the resistance to traction upon them. 
Horse Gin.—In this machine a horse works less advantageously 
than in drawing a carriage along a Straight track, In order that the best 
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possible results may be realized with a horse-gin, the diameter of the cir. 
Hendy track in which the horse walks should not be less than about forty 
eet. 

©xen, Mules, Asses,—Authorities differ considerably as to the power 
of these animals. “The following may be taken as an approximative com- 
parison between them and draught-horses (Rankine): 

Ox.—Load, the same as that of average draught-horse; best velocity and 
work, two thirds of horse. 

Mule.—Load, one half of that of average draught-horse; best velocity, 
the same with horse; work one half. 

Ass.—Load, one quarter that of average draught-horse; best velocity the 
same; work one quarter. 

EKeduction of Draught of Horses by Increase of Grade 
of Roads, , (Liyineering Record, Prize Essays on Roads, 1892.)—Experi- 
ments on aus roads by Gayfiier & Parnell: 

Calling load that can be drawn on a level 100: 


On arise of. ......... 1 in 100. 1 in 50, 1 in 40. 1 in 80, 1 in 26. 1 in 20, 1 in 10. 
Ahorse can draw only 90. 81, 02. 64. 54. 40, 25. 


The Kesistance of Carriages on Roads is (according to Gen. 
Morin) given approximately by the following empirical formula: 


Re a + b(u — 8.28), 


In this formula R = total resistance; + = radius of wheel in inches; W = ; 
gross load; « = velocity in feet per second; while a and b are constants, 
whose values are: For good broken-stone road, a = .4 to .55, b = .024 to .026; 
for paved roads, a = .27, b = .0684. 

Rankine states that on gravel the resistance is about double, and on 
sand five times, the resistance on good broken-stoneroads. © 
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The object of a machine is usually to transform the work or mechanical 

energy exerted at the point where the machine receives its motion into 
work at the point where the final resistance 
is overcome. The specific end may be to A Cc B 
change the character or direction of mo- 
tion, as from circular to rectilinear, or vice 
versa, to change the velocity, or to overcome 
a great resistance by the application of a P : w 
moderate force, In all cases the total energy : 
exerted equals the total work done, the latter 
including the overcoming of all the frictional Fia. 98. 
' resistances of the machine as well as the use- 
ful work performed. No increase of power 
can be obtained from any machine, since this 
is impossible according to thé law of conser- 
vation of energy. In a frictionless machine the 
product of the force exerted at the driving- 
point into the velocity of the driving-point. 
or the distance it moves in a given interval 
of time, equals the product of the resistance 
into the distance through which the resiste 
ance is overcome in the same time. 

The most simple machines, or elementary 
machines, are reducible to three classes, viz., 
the Lever, the Cord, and the Inclined Plane. 

The first class includes every machine con- 
sisting of a solid body capable of revolving 
on an axis, as the Wheel and Axle, 


The second class includes every machine in A 
which force is transmitted by means of flexi- 
ble threads, ropes, etc., as the Pulley. W 

The third class includes every machine in Fie. 100, 


which a hard surface inclined to the direc- 
tion of motion is introduced, as the Wedge and the Screw. 
A Lever is an inflexible rod capable of motion about a fixed point, 
called a fulcrum, The rod may be straight or bent at any angle, or curved. 
It is generally regarded, at first, as without weight, but its weight may be 
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considered as another force applied in a vertical direction at its centre of 
ravity. 

e The a ene of a lever are the portions of it intercepted between the force, 

P, and fulcrum, C, and between the weight, W, and fulcrum. 

Levers are divided into three kinds or orders, according to the relative 
positions of the applied force, weight, and fulerum. 

In a lever of the first order, the fulcrum lies between the points at which 
the force and weight act. (Fig. 98.) 

In a lever of the second order, the weight acts at a point between the 
fulcrum and the point of action of the force. (Fig. 99. 

In a lever of the third order, the point of action of the force is between 
that of the weight and the fulerum. (Fig. 100.) 

In all cases of levers the relation between the force exerted or the pull, 
P, and the weight lifted, or resistance overcome, W, is expressed by the 
equation P X AC = W X BC, in which AC is the lever-arm of P, and BC 
is the lever-arm of W, or moment of the force = the moment of the resist- 
ance. (See sae 

In cases in which the direction of the force (or of the resistance) is not at 
right angles to the arm of the lever on which it acts, the “ lever-arm” is the 
length of a perpendicular from the fulcrum to the lineof direction of the 
force (or of the resistance), W: P:: AC: BC, or, the ratio of the resistance to 
the applied force is the inverse ratio of their lever-arms. Also, if Vw is the 
Bees bs W, and Vp is the velocity of P, W: P:: Vp : Vw, and PxVp 
= x Vw. 

If Sp is the distance through which the applied force acts, and Sw is the 
distance the weight is lifted or through which the resistance is overcome, 
W:P:: Sp: Sw; W X Sw= PX Sp, or the weight into the distance it is lifted 
equals the force into the distance through which it is exerted. 

‘These equations are general for all classes of machines as well as for 
levers, it being understood that friction, which in actual machines increases 
the resistance, is not at present considered. 

The Bent Lever.—In the bent lever (see Fig. 91, page 416) the lever- 
arm of the weight m is cf instead of bf. The lever is in equilibrium when 
nX af =m X cf, but it is to be observed that the action of a bent lever may 
be very different from that of a straight lever. In the latter. so long as the 
force and the resistance act in lines parallel to each other, the ratio of the 
lever-arms remains constant, although the lever itself changes its inclina- 
tion with the horizontal. In the bent lever, hewever, this ratio changes: 
thus, in the cut, if the arm bf is depressed to a horizontal direction, the dis- 
tance cf lengthens while the horizontal projection of af shortens, the latter 
becoming zero when the direction of af becomes vertical. As the arm af 
approaches the vertical, the velit m which may be lifted with a given 
force s is very great, but the distance through which it may belifted is 
very small. In all cases the ratio of the weight m to the weight n is the in- ~ 
verse ratio of the horizontal projection of their respective lever-arms, 

The Moving Strut (Fig. 101) is similar to the bent lever, except that 
one of the arms is missing, and that the force and the resistance to be 

overcome act at the same end of the 

single arm. The resistance in the 

P| zase shown in the cut is not the 

weight W, but its resistance to 

being moved, R, which may be sim- 

ipivgsuet due to its friction on the 

orizontal plane, or some other op- 

posing force. When the angle be- 

tween the strut and the horizontal 

plane changes, the ratio of the 

resistance to the applied force 

changes. When the angle becomes 

very small, a moderate force will 

Fia. 101. overcome a very great resistance, 

which tends to become infinite as 

the angle approaches zero, If a = the angle, P X cosa=RX sina, If 
a = 5 degrees, cos a = .99619, sin a = .08716, R = 11.44 P. 

The stone-crusher (Fig. 102) shows a practical example of the use of two 
moving struts. , 

The Togegle-joint is an elbow or knee-joint consisting of two bars sc 
connected that they may be brought into a straight line and made to pro- 
duce great endwise pressure when a force is applied to bring them into this 
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position. It is a case of two moving struts placed end to end, the moving 
force being applied at their point of junction, in a direction at right angles 
to the direction of the resistance, the other end of one of the struts resting 
against a fixed abutment, and that of the other against the body to be 
moved. If a = the angle each strut makes with the straight line joining the. 

oints. about which their outer ends rotate, the ratio of the resistance 
0 the applied force is R: P::cosa:2sina; 2Rsina = Pcosa, The 


Fie. 103. 


ratio varies when the angle varies, becoming infinite when the angle 
becomes zero. i 

The toggle-joint is used where great resistances are to be overcome 
throuch very small distances, as in stone-crushers (Fig. 103). 

@he Inclined Plane, as a mechanical element, is supposed perfectly 
jrard and smooth, unless friction be considered. It assists in sustaining a 
heavy body by its reaction. This reaction, however, being normal to the 
plane, cannot entirely counteract the weight of the body, which acts verti- 
cally downward. Some other force must therefore 
be made to act upon the body, in order that it may Pp’ 
be sustained. 

If the sustaining force act parallel to the plane 
(Fig. 104), the force is to the weight as the height of 
the plane is to its length, measured on the incline, 

If the force act parallel to the base of the plane, 
the power is to the weight as the height is to the 
base. 

If the force act at any other angle, let 7 = the c 
angle of the plane with the horizon, and e = the Fia. 104, 
angle of the direction of the applied force with the 
angle of the plane. P: W::sini:cose; PX cose = W sin 7. 

Problems of the inclined plane may be solved by the parallelogram of 
forces thus: 

Let the weight W be eve at rest on the incline by the force P, acting in 
the line bP’, parallel to the plane. Draw the vertical line ba to represent 
the weight ; also bb’ perpendicular to the plane, and complete the parallelo- 
gram b/c. Then the vertical weight ba is the resultant of bb’, the measure of 
support given by the plane to the weight, and bc, the force of gravity tend- 
ing to draw the weight down the plane. The force required to maintain 
the weight in equilibrium is represented by this force bc. Thus the force 
and the weight are in the ratio of bc to ba._ Since the triangle of forces abe 
is similar to the triangle of the incline ABO, the latter may be substituted 
for the former in determining the relative magnitude of the forces, and 


P:W:: be: ab:: BC: AB. 


The Wedge is a pair of inclined planes united by their bases. In the 
application of pressure to the head or butt end of the wedge, to cause it to 
penetrate a resisting body, the applied force is to the resistance as the 
thickness of the wedge is to its length. Let ¢be the thickness, J the length, 
W the resistance, and P the applied force or pressure on the head of the 


wedge. Then, friction neglected, P: W::t: 4; P= uae =>: 


The Screw is an inclined plane wrapped around a cylinder in such a 
way that the height of the plane is parallel to the axis of the cylinder. If 
the screw is formed upon the internal surface of a hollow cylinder, it is 
usually called a nut. When force is applied to’raise a weight or overcome 
a resistance by means of a screw and nut, either the screw or the nut may 
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be fixed, the other being movable. The force is generally appiet at the end 
of a wrench or lever-arm, or at the circumference of a wheel, If r = radius 
of the wheel or lever-arm, and p = pitch of the screw, or distance between 
threads, that is, the height of the inclined plane 
for one revolution of the screw, P = the applied 
force, and W= the resistance overcome, then, neg- 
lecting resistance due to friction, 2m X P = Wp; 
W = 6.283Pr+p. The ratio of Pto Wis thus 
dndependent of the diameter of the screw, In 
actual screws, much of the power transmitted is 
lost through friction. 


The Cami is a revolv- 
ing inclined plane. It may 
be either an inclined plane 

Lad — wrapped around a cylin- 
der in such a way that the 
sad of the plane is ra- 
dial to the cylinder, such 


Fie. 105, as the ordinary lifting- Fig. 106, 
cam, used in stamp-mills Ae 
(Fig. 105), or it may be an inclined plane curved edgew’se, apd rotating ina 
plane parallel to its base (Fig. 106). The relation of the weight to the applied 
force is calculated in the same manner as in the case of the screw, 


YA 


Ad, B. C. ray 


Fig. 107. 


Pulleys or Blocks,—P = force applied, or pull; W = weight lifted 
or resistance, In the simple pulley A (Fig, 107) the point Pon the pulling 
rope descends the same amount that the weight is lifted, therefore P = W. 
In B and C'the point Pmoves twice as far as the weight is lifted, there- 
fore W=2P, In B and C there is one movable block, and two plies of the 
rope engage withit, In D there are three sheaves in the movable block, 
each with two plies engaged, or six inall, Six plies of the rope are there- 
fore shortened by the same amount that the weight is lifted, and the point 
P moves six times as far as the weight, preces rg W =6P. In general, 
the ratio of Wto P is equal to the number of plies of the rope that are 
shortened, and also is equal to the number of plies that engage the lower 
block, If the lower block has 2 sheaves and the upper 3, the end of the rope 
is fastened to a hook in the top of the lower block, and then there are 5 
plies shortened instead of 6,and W=5P. If V= velocity of W, and v= 
velocity of P, then in all cases VW = vP, whatever the number of sheaves 
or their arrangement, If the hauling rope, at the pulling end, passes first 
around a sheave in the upper or stationary block, it makes no difference in 
what direction the rope is led from this block to the point at which the pull 
on the rope is Appice ; but if it first passes around the movable block, it is 
necessary that the pull be exerted in a direction parallel to the line of action 
of the resistance, or a line joining the centres of the two blocks, in order to 
obtain the maximum effect, If the rope pulls on the lower block at an 
Sule the block will be pulled out of the line drawn between the weight 
and the upper block, and the effective pull will be less than the actual pull 


is as 


a So TN 
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on the rope in the ratio of the cosine of the angle the pulling rope makes 
with the vertical, or line of action of the resistance, to unity. 

Differential Pulley. (Fig. 108.)\—Two pulleys, Band C, of different 
radii, rotate as one ee about a fixed axis, 4. An end- 
less chain, BDHCLKH, passes over both pulleys. The 
rims of the pulleys are shaped so as to hold the chain and 
prevent it from slipping. One of the bights or loops in 
which the chain hangs, DH, passes under and supports the 
running block F. The other loop or bight, HKL, hangs 
freely, and is called the hauling part. It is evident that 
the velocity of the pe part is equal to that of the 
pitch-circle of the pulley B, 

_In order that the velocity-ratio may be exactly uniform, 
the radius of the sheave # should be an exact mean be- 
tween the radii of Band @. 

Consider that the pore B of the cord BD moves through 
an are whose length = AB, during the same time the 
point C or the cord C# will move downward a distance = 
AC. The length of the bight or loop BDEC will be 
shortened by AB — AC, which will cause the pulley F' to 
be raised half of this amount, If P = the pulling force on 
the cord HK, and W the weight lifted at #7, then PX 
AB=W X l6(AB — AC). 

To caleulatethe length of chain required for a differential 
pulley, take the following sum: Half the circumference of 
A + half the circumference of B + half the circumference 
of # + twice the greatest distance of # from A + the 
least length of loop HKL. ‘The last quantity is fixed 


according to convenience. Fig. 108. 


‘he Differential Windlass (Fig. 109) is identical in principle 
with the differential pulley, the difference in con- 
S struction being that in the differential windlass the 
Hf Mii a running block hangs in the bight of a rope whose two 
Wate parts are wound round, and have their ends respec- 
: A tively made fast to two barrels of different: radii, 
which rotate as one piece about the axis 4. The dif. 
ferential windlass is little used in practice, because 
of the great length of rope which it requires. 

‘he Differential Screw (Fig. 110) is a com- 
pound screw of different pitches, in which the 
threads wind the same way. NN, and Ny are the two 
nuts; SS), the longer-pitched thread; S. So, the 
t shorter-pitched thread: in the figure both these 


threads are left-handed. At each turn of the screw 
the nut NV, advances relatively to N? through a dis- 
F ia. 109, tance equal to the difference of the pitch. The use 
of the differential screw is to combine the slowness 
of advance due to a fine pitch with the Streugth of thread which can be 
obtained by means of a coarse pitch only, i 
AWheel and Axle, or Windlass, resembles two pulleys on one axis, 
having different diameters. If a weight be lifted by means of a rope wound 
over the axle, the force being applied at the : 
rim of the wheel, the action is like that of a 
lever of which the shorter arm is equal to 
the radius of the axle plus half the thick- 
ness of the rope, and the longer arm is 
equal to the radius of the wheel. A wheel Fia. 110. 
and axle is therefore sometimes classed op ce 
as a perpetual lever. If P= the applied force, D = diameter of the wheel 
W = the weight lifted, and d the diameter of the axle -+ the diameter of 
the rope, PD = Wad. e t= 
Toothed-wheel Gearing is a combination of two or more wheels 
and axles (Fig. 111). Ifa series of wheels and pinions gear into each other, 
as in the cut, friction neglected, the weight lifted, or resistance over- 
come, is to the force applied inversely as the distances’ through which 
they act in a given time. If R, R,, Ry be the radii of the successive wheels, 
Measured to the piteh-line of the teeth, and r, 17, 1g the radii of the cor. 
responding pinions, P the applied force, and W the weight lifted, P x 
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RXR, XRk,=WXrxX1r X ro, or the applied force is to the weight 
as the product of the radii of the pinions is to the product of the radii of 
the wheels; or, as the product of the numbers expressing the teeth in 
i oe EOB is to the product of the numbers expressing the teeth in each 
wheel. 

Endless Screw, or Wormegear, (Fig. 112.)—This gear is com- 
monly used to convért motion at high speed into motion at very slow 


> 


Fra. 111, “fie, 112, 


speed. When the handle P describes a complete circumference, the -pitch- 
line of the cog-wheel moves through a distance equal to the pitch of the 
screw, and the weight W is lifted a distance equal to the pitch of the screw 
multiplied by the ratio of the diameter of the axle to the diameter of the 

itch-circle of the wheel. The ratio of the applied force to the weight 
fitted is inversely as their velocities, friction not being considered; but the 
friction in the worm-gear is usually very great,amounting sometimes to 
three or four times the useful work done. 

If v = the distance through which the force Pacts in a given time, say 1 
second, and V = distance the weight W is lifted in the saine time, r= 
radius of the crank or wheel through which P acts, t = pitchof the screw, 
and also of the teeth on the cog-wheel, d = diameter of the axle, 


and D = diameter of the pitch-\une of the cog-wheel, v = 8 ra 
XV; V=vX td + 6.288rd. Pv = WV + friction 
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Framed structures in general consist of one or more triangles, for the 
reason that the triangle is the one polygonal form whose shape cannot be 
changed without distorting one of its sides. Problems in stresses of simple 
framed structures may generally be solved either by the application of the 
triangle, paralellogram, or polygon of forces, by the principle of the lever, 
or by the method of moments. We shall give a few examples, referring the 
student to the works of Burr, Dubois, Johnson, and others for more elabo- 
rate treatment of the subject. 

1. A Simple Crane, (Figs. 118 and 114.)—A is a fixed mast, B a brace or 
boom, 7’ a tie, and P the load. pets the strainsin Band7, The weight 
P, considered as acting at the end of the boom, is held in equilibrium by 
three forces: first, gravity acting downwards; second, the tension in 7; and 
third, the thrust of B. Let the length of the line p represent the magnitude 
of the downward force exerted by the load, and draw a parallelogram with 
sides bt parallel, respectively, to B and T, such that pis the diagonal of the 
parallelogram. Then b and? are the components drawn to the same scale 
as p, p being the resultant, Then if the length p represents the load, ¢ is 
the tension in the tie, and b is the compression in the brace, 

Or, more simply, 7’, B, and that portion of the mast included between them 
or A’ may. represent a triangle of forces, and the forces are proportional to 
the length of the sides of the triangle; that is, if the height of the triangle A’ 
= theload, then B = the compression in the brace, and 7 = the tension in the 


tie; or if P = the load in pounds, the tension in T= PX Z, and the com 
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pression in B= PX 2 - Also, if a = the angle the inclined member makes 


with the mast, the other member being horizontal, and the triangle being 
right-angled, then the length of the inclined member = height of the tri- 
angle X secant a, and the strain in the inclined member = P secant a, Also, 
the strain in the horizontal member = P tan a. Fs 
The solution by the triangle or parallelogram of forces, and the equations 
Tension in 7 = P x T/A’, and Compression in B = PX B/A’, hold true even 
if the triangle is not right-angled, as in Fig. 115; but the trigonometrical rela- 


Fia. 118, Fie. 114, Fia. 115, 


tions above given do not hold, except in the case of a Hest aneles triangle, 
It is evident that as A’ decreases, the strain in both Tand B increases, tend- 
ing to become infinite as A’ approaches zero. If the tie Tis not attached to 
the mast, but is extended to the ground, as shown in the dotted line, the 
tension in it remains the same. 3 

2. A Guyed Crane or Derrick. (Fig. 116. )—The strain in B is, as 
hefore, Px B/A’, A’ being that portion of the vertical included between Band 
T, wherever J'may be attached to A. If, however, the tie Tis attached to B 
beneath its extremity, there may be in addition a bending strain in B due to 
a tendency to turn about the point of attachment of 7’ as a fulcrum. 

The strain in T may be calculated by the principle of moments. The mo- 
ment of P is Pe, that is, its weight x its perpendicular distance from the 
point of rotation of Bon the mast. The moment of the strain on Tis the 
product of the strain into the perpendicular distance from the line of its 


Fic. 116, 


direction to the same point of rotation of B, or Td. The strain in 7 there- 
fore = Pe+d. As d decreases the strain on T increases, tending to infin- 
ity as d approaches zero. 

The strain on the guy-rope is also calculated by the method of moments, 
The moment of the load about the bottom of the mast O is, as before, Pe. 
If the guy is horizontal the strain in it is F and its moment is Ff, and F = 
Pc--f. If it is inclined, the moment is the strain G x the perpendicular 
distance of the line of its direction from O, or Gg, and G = Pe+g. 

_ The guy-rope having the least strain is the horizontal one #, and the strain 
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g inG =the strain in FX the se 
° cant of the angle between F' and 
G, As Gis made more nearly 
vertical g decreases, and the 
strain increases, becoming infi- 
nite when g = 0 


8. Shearspoles with 
Guys. (Fig. 117.)—First assume 
that the two masts act as one 
placed at BD, and the two guys 
as one at AB. Calculate the 
strain in BD and AB as in Fig. 
115. Multiply half the strain in 
BD (or AB) by the secant of half 

Fie. 117. the angle the two masts (or 
guys) make with each other to find the strain in each mast (or guy). 

Two Diagonal Braces and a Tie-rod. (Fig. UES api aee the braces 
are used tosustain a single load P. Compressive stress on AD=%4PX AD+ 
AB; on CA=14PX CA+ AB, Thisis true only if CB and BD are of equal 
length, in which case 4 of P is supported by each abutment Cand D. If 
they are unequal in length (Fig. 119), then, 
by the principle of the lever, find the re- 
actions of the abutments R, and Ry. If P 
is the load applied at the point B on the 
lever CD, the fulcrum being D, then R, X 
CD= PX BD and Ry X CD = Px BC; 
&, = PX BD~ CD; Rk, = PX BC+ OD. 

The strain on AC = R, X AC+ AB, and 
on AD = Ry X AD~+ AB. 

The strain on the tie = R; X CB+ AB Fie. 118. 


= RyX BD~ AB. 

When CB=BD, Ri=R,. Thestrain 
on OB and BD is the same, whether 
the braces are of equal length or 
not, and is equal to 6P xX WCD~ AB. 

If the braces support a uniform load, 
as a pair of rafters, the strains caused 
by such a load are equivalent to that 
D caused by one half of the load applied 
Fie. 119, at the centre. The horizontal thrust 
: y of the braces against each other at the 
apex equals the tensile strain in the tie, 

King-post Truss or Bridge. (Fig. 120.)—If the load is distributed 
over the whole length of the truss, the effect is the same as if half the load 


were placed at the centre, the other half bei rri tments. 
P= one half the load on the truss, font pati tire inne 


tension in the vertical tie AB = P. Com- 

vee in each of the inclined braces = 

PX AD-- AB. Tension in the tie OD 

=14P X BD+ AB. Horizontal thrust of 

inclined brace AD at D = the tension in 

the tie. If W= the total loadonone truss 

uniformly distributed, l = its length and 

d = its depth, then the tension on the hore 

izontal tie = a Fic. 120, 

Inverted King-post Truss, (Fig. 121.)--If P = a load applied at 

» or one half of a uniformly distributed load. then compression on AB= F 

a (the floor-beam CD not being considered: 

B to have any resistance to a slight bending). 

Tension on AC or AD = 44P X AD + AB. 
Cc D Compression on CD = 146P X BD + AB. 

Queen-post Truss. (Fig, 122,)—It 

uniformly loaded, and the queen-posts di- 

vide the length into three equal bays, the 

load may be considered to be divided inte 

Fic. 121 three equal parts, two bee of which, P, 

piste and Pa, are concentrated at the panel joints 
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and the remainder is equally divided between the abutments and su orted 
by them directly. The two parts P, and Py only are considered tb affect 
B Cc the members of the truss. Strain in 

the vertical ties BH and OF each ~ 

ones P,or P,. Strainon AB and 

each = P, X CD + CF. Strain 


i on the tie 42 or EF or ED =P, x 
D2 FD+CF. Thrust on BU = tension 


on EF. 

For stability to resist heavy un- 
equal loads the queen-post truss 
should have diagonal braces from 
Bto Fand from Oto #. 

Inverted Queen=<post 
Truss, (Fig. 123.)— Compression 
on EB and FC each=P, or Py. 
Compression on AB- or BC or CD = 
P; X AB+EHB. Tension on AF or 
FD =P, x AH EB, Tension on 
£F = compression on BC, For sta- 
bility to resist unequal loads, ties 
proud be run from C to Hand from - 


F 
Fig. 123. 


Of, 
Burr Truss of Five Panels, (Fig. 124.)—Four fifths of the load may 
oe taken as concentrated at the points H, K, L and F, the other fifth being 


ik 


Fia. 124, 


fe 


supported directly by the two abutments. For the strains in BA and CD 
the truss may be considered as a queen-post truss, with the loads P,, Ps 
concentrated at H and the loads P3, P, concentrated at F, Then, compres- 
_ sive strainon AB=(P,+P9)x AB+B8EH, The strain on CD is the same if 
_ the loads and panel lengths are equal. The tensile strain on BE or CF = 
i P,+P,. That portion of the truss between H and F' may be considered as 
a smaller queen-post truss, supporting the loads P, P3 at K and L. The 
_ S8Strain on HG or HF = Py X HG~ GK. The diagonals GL and KH receive no 
_ strain unless the truss is unequally loaded. The verticals GK and HL each 
Teceive a tensile strain equal to P, or P3, 
ee For the strain in the horizontal members: BG and CH receive a thrust 
- equal to the horizontal component of the thrust in_-AB or OD, = (P; -+ Pa) 
- X tan angle ABH, or (P;+P,)X AH+ BE. GH receives this thrust and 
also, in addition, a thrust equal to the horizontal component of the thrust in 
G or HF, or, in all, (Py + P,+ P3) X AH = BE. 
_ . Tke tension in AZ or #'D equals the thrust in BG or HC, and the tension 
- in EK, KL. and LF equals the thrust in GH. 
Pratt or Whipple Truss, (Fig. 125.)—In this truss the diagonalsare 
ties, and the verticals are struts or columns, 
Calculation by the method of distribution of strains; Consider first the 
- load P,. The truss having six bays or panels, 5/6 of the load is transmitted 
_ to the abutment H, and 1/6 to the abutment O, on the principle of the lever, 
_ As the five sixths must be transmitred through J.4 and AH, write on these 
members the figure 6. The one sixth is transmitted successively through 
JO, CK, KD, DL, etc., passing alternately through a tie and a strut. Write 
_ on these members, up to the strut GO inelusiye, the figure 1, Then consider 
the load P,, of which 4/6 goes to AH and 2/6 toGO, Write on KB, BJ, JA, 
' and. AH the figure 4, and on KD, DL, LE, etc., the figure 2, The load P, 
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sinit 3/6 in each direction; write 8 on each of the members throu 
See ie atvees passes, and 80 on for all the loads, when the figures on tty 
several members will appear as on the cut. Adding them up, we have the 


following totals; 
J CL DK DM EL EN FM FO GN 
Tension on diagonals { 47 i ae Gunde Ss. Cask TOO vane: 


7 ‘K DL EM FN GO 
Compression on verticals 4 ee Bry . 6 Bnd Thee AG 


rac g in the first line is to be multiplied by 1/6P xX secant of 
2 ms TAT OPI BES ATE: AH, to obtain the tension, and each figure in the 
-<y line is to be multiplied by 1/6P to obtain the compression. The diag- 

‘, His and FO receive no strain, 


A B Cc D 


2 G 


Nang 
a 


P; Po P; Py P; 
Fie. 125. 


It is common to build this truss with a diagonal strut at HB instead of the 

st HA and the diagonal AJ; in which case 5/6 of the load Pis carried 

hrough JB and the strut BH, which latter then receives a strain = 15/6P x 
secant of HBJ. 

The strains in the upper and lower horizontal members or chords increase 
from the ends to the centre, as shown in the case of the Burr truss. AB 
receives a thrust equal to the horizontal component of the tension in AJ, or 
15/6PX tan AJB. BC receives the same thrust -+ the horizontal component 
ofthe tension in BK, and so on. The tension in the lower chord of each panel 
is the same as the thrust in the upper chord of the same panel. (For calcu- 
lation of the chord strains by the method of moments, see below.) 

The maximum thrust or tension is at the centre of the chordsand is equal 


to W&, in which W is the total load supported by the truss, L is the length, 


and D the depth. This is the formula for maximum stress in the chords 
of a truss of any form whatever. 

The above calculation is based on the assumption that all the loads Poh 5. 
ete., are equal. If they are unequal the value of each has to be taken into 
account {n distributing the strains. Thus the tension in AJ, with unequal 
loads, iustead of being 15 xX 1/6 P secant 6 would be sec 6 X (5/6Py + 4/6 Py + 
38/6 Ps + 2/6 Py +1/6 Ps.) Each panel load, P, etc., includes its fraction of 
the weight of the truss. 

General Formula for Strains in Diagonals and Verticals. 
—Let n= total number of panels, 2 = number of any vertical considered 
from the nearest end, counting the end as 1, r= rolling load for each panel, 
P = total load for each panel, 


Strain on verticals = Ut™=®)-+(n—x)?—(@—1)-Ha—1)]P a r(a@—1)4+-(@—1)? 
2Qn 2n 
For a uniformly distributed load, leave out the last term, 
[r(@ — 1) +-(@ — 1)2]+2n. 
Strain on principal diagonals = strain on verticals x secant 6, that is 
secant of the angle the diagonal makes with the vertical, 


Strain on the counterbraces: The strain on the counterbrace in the first 
panel is 0, if the load is uniform. On the 2d, 3d, 4th, ete., it is Psecant 6 


x L, tee, SEE, etc., P being the total load in one panel. 


4 
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Strain in the Chords—Method of Moments.—Let the truss be 
uniformly loaded, the total load acting on it= W. Weight supported at 
each end, or reaction of the abutment= W/2. Length of the truss = L. 
Weight on a unit of length = W/L. Horizontal distance from the nearest 
abutment to the point (say Min Fig. 125) in the chord where the strain is to 
be determined = x. Horizontal strain at that point (tension on the lower 
chord, compression in the upper)=H. Depth of the truss = D. By the 
method of moments we take the difference of the: moments, about the point 
WM, of the reaction of the abutment and of the load between M and the abut- 
ments, and equate that difference with the moment of the resistance, or of 
the strain in the horizontal chord, considered with reference to a point in 
the opposite chord, about which the truss would turn if the first chord were 
Severed at M. 

The moment of the reaction of the abutment is Wxz/2, The moment of 
the load from the abutment to M is W/La X the distance of its centre of 
gravity from M, which is x/2, or moment = Wz?-22,. Moment of thestress 


. oF _ Wa Wa? SY cae it 
in the chord = HD = — BE? Whence H = 5 (# ZT): If x =0or L, 


H=0. Its=L2,H= wm which is the horizontal strain at the middle 


of the chords, as before given. 
The Howe Truss, (Fig. 126.)—In the Howe truss the diagonals are. 
struts, and the verticals are ties. 6 calculation of strains may be made 


Fig. 126. 


{in the same method as described above for the Pratt truss. 
Whe Warren Girder, (Fig. 127.)—In the Warren girder, or triangular 
“truss, there are no vertical struts, and the diagonals may transmit either 


Fra. 127. 


tension or compression. The strains in the diagonals may be calculated by 
the method of distribution of strains as in the case of the rectangular truss. 

On the principle of the lever, the load P, being 1/10 of the length of the 
span from the line of the nearest Supper a, transmits 9/10 of its weight to a 


and 1/10 to g. Write 9 on the right hand of the strut 1a. to represent the 
compression, and 1 on the right hand of 1b, 2c, 3d, etc., to represent com- 
pression, and on the left hand of 62, c3, etc., to represent tension. Theload Py 
transmits 7/10 of its weight to a and 3/10to g. Write 7 on each member from. 
2 to a and 3 on each member from 2 to g, placing the figures representing 
compression on the right hand of the member, and those representing 
tension on the left. Proceed in the same manner with all the loads, then 
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sum up the figures on each side of each diagonal, ard write the difference 
of each sum beneath, and on the side of the greater sum, to show whether 
the difference represents tension or compression. The results are as follows: 
Compression, la, 25; 2b, 15; 3c, 5: 3d, 5; de, 15; 5g, 25. Tension, 16, 15; 2e, 
5: 4d, 5; 5e, 15. Each of these figures is to be multiplied by 1/10 of one of 
the loads as P,, and by the secant of the angle the diagonals make with a 
vertical line. 

The strains in the horizontal chords may be determined by the method of 
moments as in the case of rectangular trusses. 

Roof-truss,—Soiution by Method of Moments—The calculation of 
Straigs in structures by the method of statical moments consists in takinga 
cross-section of the structure at a point where there are not more than 
three members (struts, braces, or chords). 

To find the strain in either one of these members take the moment about 
the intersection of the other two as an axis of rotation. The sum of the 
moments of these members must be 0 if the structure is in equilibrium, 
But the moments of the two members that pass throuzh the point of refer- 
ence or axis are both 0, hence one equation containing one unknown quan- 
tity can be found for each cross-section. 


In the truss shown in Fig. 128 take a cross-section at ts, and determine the 
strain in the three members cut by it, viz., CE, ED, and DF. Let X¥ = force 
exerted in direction CE, Y = force exerted in direction DE, Z= force ex- 
erted in direction FD. 

For X take its moment about the intersection of Yand Zat D= Xx. For 
¥ take its moment about te intersection of XY and Zat A = Yy. Fer Z take 
its moment about the intersection of X and ¥Y at E= Zz. Letz—= 1,2 = 
18.6, y= 384. AD =50, CD = 20 ft. Let P,, Pa, Ps, Py be equal loads, as 
shown, and 346 P the reaction of the abutment A. 

The sum of all the moments taken about D or 4 or E will be 0 when the 
eeuenre isatrest. Then — Xe+3.5P x 50 ~— P; x 1225 — Py X%B—-P,x 
vo UL S 

The +-.signs are for moments in the direction of the hands of a watch or 
** clockwise ** and — signs for the reverse direction or anti-clockwise. Since 
P= P, =Py,=P,, —186X+-175P —%HP= 0; —186X=—100P; X = 
doP + 18.6 ='5.376P. 
al hha e: x 37.5+ Po X 25 +P, X125=0; 84V= TSP; Y= P+ 384 


— Zz + 33P X 87.5— P, X25 — Py X 12.5 — Py X0=0; 157 = 93.75P; 7 = 
.25P. 


In the same manner the forces exerted in the other members have been 
found as follows: EG = 6.73P: GJ =8.07P:; JA = 9.42P; JH = 1.35P; GF = 
Van Wink Goomariee, (Fiz. 1% ! 

e oof-truss. (Fig. 129.)—An analysis by Prof. P. H. Phil- 
brick (Van N. Mag.. Aug. 1880) zives the following result ; 
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W = total load on roof; 
WN = No. of panels on both rafters; - >, 
W/N = P = load at each joint 5, 2 fetes 
‘A reaction at 4 = i2W = ig ‘P = 4Py 
F Papaet = ee ae Javed 
1» tg, tg = tension on eg, gA, respectivelys 
C1, Ca, C3, Cy = Compression on Cb, bd, dj, and fA, 


1 Poe =f) 2PS=+D %, or bC 1 =7/2 PI, 3 PD/Ie 
. or =,= =D 3 or =o = = 

2, “ eg = tg = 3PS + D; &, * be or fg 5 PSL Ee vi 
3, “ gA=tg = 72PS + D; 9, * de = 2PS +L; 

4, “ Af =cy=7/2PL = D; 10, ** cd or dg = 4%PS-~+ Ds 

5, “ fd =cs3 = 7/2PL/D —PD/L: ii, * €¢ = PS+D; 

6, “ db =cy=7/2PL/D —2PD/L; 2" cC = 3/2 PS+D, 


Example.—Given a Fink roof-truss of span 64 ft., depth 16 ft., with four 
panels on each side, as in the cut; total load 32 tons, or 4 tons each at the 
points 7, d, 0, C, etc. (and 2 tons each at A and B, which transmit no strain 
to the truss members). Here W = 32 tons, P = 4 tons, § = 32 ft., D= 16 
ft., b= Y¥S?+ D2 = 2.236 x D. L+ D=2.236,D+L= 442,58 +D =2 
$+ L= .8M4, The strains on the numbered members then are as follows: 


1, 2x4xe2 =16 tons; 7, 81.3— 12x .447 = 25.94 fons, 
2 3x4x2 Ce 8, 4X 844 = 2358 * 
3, 72K4X2 = * 9, 8X 894= 7.16 * 
4, 7/2 X4X2.236=31.8 * 10, BV Tey “ 
5, 81.3—4 x .447 = 29.52 ii, 4x 2 =8 bs 
6, 31.3=8xX .447 =27.72% R 6x 2 =n ss 
The Economical Angie.—A structure of tri- ¥ 


angular form, Fig. 129a, is supported at @ and 6. It 
sustaius any load LZ, the elements ex being in compres- 
sion and ¢ in tension. Required the angle @ so that 
the total weight of the structure shall be a mininium, 
BF. R. Honey (Sci. Am. Supp., Jan. 17, 1895) gives a solu- 


tion cf this problem, with the result tan @ = y 7a 
in which € and T represent the crushing and the ren- Q 
sile strength respectively of the material employed. 

{t is applicable to any material, For C = T. @ = 543;°. Fie. 129a. 

Por € = 0.47 (vellow pine), @= 4934°. For 0 = O87 (soft steel), @ = 534g? 
Yor C = 6Tf feast iron), @= 694°. 


] 
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HEAT. 
THERMOMETERS, 


The Fahrenheit thermometer is generally used in English-speaking coun. 
tries, and the Centigrade, or Celsius thermometer, in countries that use the 
metric system. In many scientific treatises in English, however, the Centi- 
grade temperatures are also used, either with or without their Fahrenheit 
equivalents. The Réaumur thermometer is used to some extent on the 
Continent of Europe. 

In the Fahrenheit thermometer the freezing-point of water is taken at 32°, 
and the boiling-point of water at mean Btmorpuerie pressure at the sea- 
level, 14.7 Ibs, per sq. in., is taken at 212°, the distance between these two 
points being divided into 180°. In the Centigrade and Réaumur thermometers 
the freezing-point is taken at 0°. The boiling-pointis 100° in the Centigrade 
scale, and 80° in the Réaumur. 


1 Fahrenheit degree = 5/9 deg. Centigrade = 4/9 deg. Réaumur. 
1 Centigrade degree = 9/5 deg. Fahrenheit .= 4/5 deg. Réaumur. 
1 Réaumur degree = 9/4 deg. Fahrenheit = 5/4 deg. Centigrade, 


Temperature Fahrenheit = 9/5 x temp. C. + 32° = 9/4 R. + 32°, 

Temperature Centigrade = 5/9 (temp. F. — 32°) = 5/4 R. 

Temperature Réaumur . = 4/5 temp. C. = 4/9(F, — 32°). 

Mercurial Thermometer. (Rankine, 8. E., p. 234.)—The rate of 
expansion of mercury with rise of temperature increases as the temperature 
becomes higher ; from which it follows, that if a thermometer showing the 
dilatation of mercury simply were made to agree with an air thermometer 
at 32° and 212°, the mercurial thermometer would show lower temperatures 
than the air thermometer between those standard points, and higher tem- 
peratures beyond them. 

For example, according to Regnault, when ths air thermometer marked 
350° C, (=: 662° F.), the mercurial thermometer would mark 862.16° ©, (= 
683.89° F.), the error of the latter being in excess 12.16° C. (= 21.89° F.). 

Actual mercurial thermometers indicate intervals of temperature propor- 
tional to the difference between the expansion of mercury and that of glass. 
‘the inequalities in the rate of expansion of the glass (which are very 
different for different kinds of glass) correct, to a greater or less extent, the 
errors arising from the inequalities in the rate of expansion of the mercury. 

For practical purposes connected with heat engines, the mercurial ther- 
Mmometer made of common glass may be considered as sensibly coinciding 
with the air-thermometer at all temperatures not exceeding 500° Fy 


PYROMETRY,. 


Principles Used in Various Pyrometers.—Contraction of clay 
by heat, as in the Wedgwood pyrometer used by potters. Not accurate, as 
the contraction varies with the quality of the clay. 

Expansion of air, as in the air-thermometers, Wiborgh’s yyrometer, Ueh- 
ling and Steinbart’s pyrometer, etc, 

Elecite heat of solids, asin the copper-ball, platinum-ball, and fire-clay 
pyrometers. 

Relative expansion of two metals or other substances, as copper and iron, 
as in Brown’s and Bulkley’s pyrometers, etc. 

Melting-points of metals, or other substances, as in approximate deter- 
minations of temperature by melting pieces of zinc, lead, etc. 

Measurement of strength of a thermo-electrie current produced by heat 
ing the junction of two metals, as in Le Chatelier’s pyrometer. 


hanges in electric resistance of platinum, as in the Siemens pyrometer. 


Mixture of hot and core air, as in Hobson’s hot-blast pyrometer, 

Time required to heat a weighed quantity of water enclosed in a vessel, 
as in the water pyrometer. 

Thermometer for Temperatures up to 950° .—Mercury 
with compressed nitrogen in the tube above the mercury. Made by Queen. 
& Co,, Philadelphia. 
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Platinuxw or vopper Ball Pyrometer.—A weighed piece of 
platinum, copper, or iron is allowed to remain in the furnace or heated 
chamber till it has attained the temperature of its surroundings, It is then 
suddenly taken out and cropped into a vessel containing water of a known 
weight and temperature. The water is stirred rapidly and its maximum 
temperature taken. Let W = weight of the water, w the weight of the ball, 
t = the original and 7 the final heat of the water, and S the specific heat of 
the metal; then the temperature of fire may be found from the formula 


_ Wirt) 
2 iran eta 


The mean specific heat of platinum between 32° and 446° F. is 03333 or 
1/30 that of water, and it increases with the temperature about .000305 for 
each 100° F, Fora fuller description, by J. . Hoadley, see Trans, A. S. M. E., 
vi. 702, Compare also Henry M. Howe, Trans. A. I. M. E., xviii. 728, 

For accuracy corrections are required for variations in the specific heat of 
the water and of the metal at different temperatures, for loss of heat by 
radiation from the metal during the transfer from the furnace to the water, 
and from tho apparatus during the heating of the water; also for the heat 
absorbing capacity of the vessel containing the water. 

Fire-clay or firo-brick may be used instead of the metal ball. 

Le Chatelier’s Fhermo-electric Pyrometer.—For a very full 
description see paper by Joseph Struthers, School of Mines Quarterly, vol. 
xii, 1891; also, paper read by Prof, Roberts-Austen before the Iron and Steel 
Institute, May 7, 1891. 

The principle upon which this pyrometer is constructed is the measures 
ment of a current of electricity produced by hestin g a couple composed of 
two wires, one platinum and the other platinum with 10% rhodium—the cur- 
rent produced being measured by a galvanometer. 

The composition of the gas which surrounds the couple has no influence 
on the indications. 

When temperatures above 2500° I, are to be studied, the wires must have 
an isolating support and must be of good length, so that all parts of a fur- 
nace can be reached, 

For a Siemens furnace, about 1114 feet is the general length. The wires 
are supported in an iron tube, 14 inch interior diameter and held in place by 
a cylinder of refractory clay having two holes bored through, in which the 
wives are placed. The shortness of time (five seconds) allows the tempera 
ture to be taken without deteriorating the tube. 

Tests made by this pyrometer in measuring furnace temperatures under 
a great variety of conditions show that the readings of the scale uncorrected 
are always within 45° F. of the correct temperature, and in the majority of 
industrial measurements this is sufficiently accurate. Le Chatelier’s py- 
rometer Is sold by Queen & Oo., of Philadelphia. 

Graduation of Le Chatelier’s Pyrometer.—\W. ©. Roberts. 
Austen in his Researches on the Properties of Alloys, Proc. Inst. M. B, 1892, 
says: The electromotive force produced by heating the thermo-junction 
to any given temperature is measured by the movement of the spot of light 
on the scale graduated in millimetres. “A formula for converting the divi- 


_ sions of the scale into thermometric degrees is given by M. Le Chateliet; but 


it is better to calibrate the scale by heating the thermo-junction to lemper- 
atures which have been very carefully determined by the aid of the air- 
thermometer, and then to plot the curve from the data so obtained. Many 
fusion and boiling-points have been established by concurrent evidence of 
various kinds, and are now very generally accepted, The following table 
contains certain of these : 

Deg. F. Deg. C. Deg. F. Deg. C. 

212 100 Water boils. 1733 945 Silver melts. 


618 326 Lead melts. 1859 1015 Potassium sul- 
676 358 Mercury boils, phate melts, 
vie) 415 Zinc melts, 1913 1045 Gold melts. me 
838 448 Sulphur boils. 1929 1054 * Copper melts. 
1157 625 Aluminum melts, 2732 1500 Palladium melts, 
1229 665 Selenium boils. 3227 VW75 Vlatinitimn melis, 


The Temperatures Developed in Industria! Furnaces,— 
M. Le Chatelier states that by means of his pyrometer he has discovered 
that the temperatures which occur in melting steel and in other industrial 
operations have been hitherto overestimated. 
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M. Le Chatelier finds the melting heat of white cast iron 1135° (2075° F.), 
and that of gray cast iron 1220° (2228° F.). Mild steel melts at 1475° (2687¢ 
F.), semi-mild at 1455° (2651° _’.), and hard steel at 1410° (2570° F.). The 
furnace for hard porcelain at the end of the baking has a heat of 1370° 
(2498° F.). The heat of a normal incandescent lump is 1800° (272° F.), but 
it may be pushed to beyond %1C9? (8812° F.). 

Prof. Roberts-Austen (Recent Advances in Pyrometry. Trans. A. I. M. E., 
Chicago peace 1893) gives an excellent description of modern forms of 
pyrometers. The following are some ©. his temperature determinations, 


GoLD-MELTING, RoyaL Mint. 
Degrees. Degrees. 
Centigrade. Fahr. 


Temperature of standard alloy, pouring into moulds. ... 1180 2156 
Temperature of standard alloy, pouring into moulds (on 

a@ previous occasion, by thermo-couple)....-.. .--.-.- 114 2097 
Annealing blanks for coinage, temperature of chamber,.. 890 16384 

SILVER-MELTING, RoyaL Mint. 
Temperature of standard alloy, pouring into mould...... 980 1796 
TEN-TON OPEN-HEARTH FURNACE, WOOLWICH ARSENAL. 

Temperature of steel, 0.3% carbon, pouring into ladle..... 1645 2993 
Steel, 0.3% carbon, pouring into large mould “ako 2876 
Reheating furnace, IMO. .c\c0csesicpe ch vee mb<e ve wuiele rel 9: 1706 
Cupola furnace, No. 2 cast iron, pouring into ladle. ; 2912 


The following determinations have been effected by M. Le Chatelier: 


BrEss—EMER PROCESS. 


Six-ton Converter. 
Degrees. Degrees 
Gone exnee Fahr. 
158 2876 


FAL BOUDNIOL SIAM rcs een cites seehecosees els copcesecussexseseiis 
B. Metal in ladle,....... sabres eoeves catavess cemalese) 1040) 2984 
C. Metal in ingot MOUIA<.ccune oe ante Sabie bcsaseemine ppl DOD, 2876 
D. Ingot in reheating furnace.. 2192 
KE. Ingot under the hammer ...........+.005 Rig lalate sila slawhets 1 1976 
OPEN-HEARTH FURNACE (Siemens), 
Semi-Mild Steel. 

A. Fuel gas near gas penerator i... ses eec0 soir wncceccaene 720 1328 
B. Fuel gas entering into bottom of regeneratorchamber 400 752 
C. Fuel gas issuing from regenerator chamber....... ..- 2 2192 
Air issuing from regenerator chamber.........seeee+-+e+« 1000 1832 
Chimney gases. Furnace in perfect condition........ «.. 800 590 
End of the melting of pig charge........01+ ween Wee's Redes WADESO 2588 
GCOmMpletion Of CONVELSLON sore 5 sa vis vie iele vie 8 inioiseinern o Waldoluclaiee 1500 2782 
Molten steel, In the ladle—Commencement of casting.. 1580 2876 

End of casting : ASS ee ~-- 1490 2714 
MONO INOMIGKE ours sees ase asees en eeian ew aseen acme esate 1520 2768 


For very mild (soft) peratures are higher by 50° ©. 


SizmMens CruciB_e or Por Furnacs. 
1600° C., 29129 F, 


Rotary Puppiine FurNacz. 


Furnace 7 SH0cIe80 Beis 9846 
Puddled ball—Wnd of operation: 22200 ~~ 1330 2426 
BLAsT-FURNACE (Gray-Bessemer Pig). 

Opens in face of tuyere 1930 3506 
olten metal—Commencement of fusio: 1400 2552 
End, or prior to tapping. ..........s.ecuscececenes : 1570 2858 


Horgman Rep-BrRick Ki». 
Burning teOMperatures.,,.....seee-secarcsacdevecceacece 1100 2012 


: 
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Hobson's Hot-blast Pyrometer consists of a brass chamber 
having three holiow arms and a handle. he hot blast enters one of the 
arms and induces a current of atmospheric air to flow into the second arm. 
The two currents mix in the chamber and flow out through the third arm, 
in which the temperature of the mixture is taken by a mercury thermom- 
eter. The openings in the arms are adjusted so that the proportion of hot 
blast to the atmospheric air remains thie same. 


The Wiborgh Air-pyrometer. (E. Trotz, Trans. A.I.M.E. 
1892 )—The inventor using the expansion-coefficient of air, as determined 
by Gay-Lussac, Dulon, Rudberg, and Regnault, bases his construction on 
the following theory: If an air-volume, V, enclosed in a porcelain globe 
and connected through a capillary pipe with the outside air, be heated to 
the temperature 7’ (which is to be determined) and thereupon the connection 
be discontinued, and there be then forced into the globe containing V 
another volume of air V’ of known temperature ¢, which was previously 
under atmospheric pressure H, the additional pressure h, due to the addi- 
tion of the air-volume V“ to the air-volume V, can be measured by a ma- 
pometer. But this pressure is of course a function of the temperature 7’, 
Before the introduction of V’, we have the two separate air-volumes, V at 
the temperature 7 and V’ at the temperature ¢, both under the atmospheric 
pressure H. After the foreing in of V’ into the globe, we have, on the 
contrary, only the volume V of the temperature 7’, but under the pressure 


The Wiborgh Air-pyrometer is adapted for use at blast-furnaces, smelting- 
works, hardening and tempering furnaces, etc., where determinations of 
temperature from 0° to 2400° F. are required. 

Seger ’s Wire-clay Pyrometer, (H. M. Howe, Eng. and Mining 
Jour., June 7, 1890.)—Professor Seger uses a series of slender triangular 
fire-clay pyramids, about 3 inches high and 5 inch wide at the base, and 
each a little less fusible than the next; these he calls “normal pyramids” 
(“normal-kegel”’). When the series is placed in a furnace whose temper- 
ature is gradually raised, one after another will bend over as its range of 
plasticity is reached ; and the temperature at which it has bent, or ** wept,”’ 
so far that its apex touches the hearth of the furnace or other level surface 
on which it is standing, is selected as a point on Seger’s scale. These points 
may be accurately determined by some absolute method, or they may 
merely serve to give comparative results. Unfortunately, these pyramids 
afford no indications when the temperature is stationary or falling. 

Mesuré and Nouel’s Pyrometric Telescope, (ibid.)\—Mesuré 
and Nouel’s pyrometric telescope gives us an immediate determination of 
the temperature of incandescent bodies, and is therefore much better 
adapted to cases where a great number of observations are to be made, and 
at short intervals, than Seger’s. Such cases arise in the careful heating of 
steel. The little telescope, carried in the pocket or hung from the neck, can 
be used by foreman or heater at any moment, 

It is based on the fact that a plate of quartz, cut at right angles to tne 
axis, rotates the plane of polarization of palansa light to a degree nearly 
inversely proportional to the square of the length of the waves 3 and, 
further, on the fact that while a body at dull redness merely emits red 
light, as the temperature rises, tbe orange, yellow, green, and blue waves 
successively appear. r B 

If, now, such a plate of quartz is placed between two Nicol prisms at 
right angles, ‘‘a ray of monochromatic light which passes the first, or 
polarizer, and is watched through the second, or analyzer, is not extin- 
guished as it was before interposing the quartz. Part of the light ea ae 
the analyzer, and, to again extinguish it, we must turn one of the Nicols a 
certain angle,” depending on the length of the waves of light, and hence on 
the temperature of the incandescent object which emits this light. Hence 
the angle through which we must turn the analyzer to extinguish the light 
is a measure of the temperature of the object observed. 

For illustrated descriptions of different kinds of pyrometers see circular 
issued by Queen & Co., Philadelphia. é 

The Uehling and Steinbart Pyrometer. (For illustrated descrip- 
tion see Engineering, Aug. 24, 1894.)—The action of the pyrometer is based 
on a principle which involves the law of the flow of gas through minute 
apertures in the following manner: If a closed tube or chamber be supplied 
with a minute inlet and a minute outlet aperture and air be caused by a 
constant suction to flow in through one and out through the other of these 
apertures, the tension in the chamber between the apertures will vary with 
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the difference of temperature between the inflowing and outflowing air. 1 
the inflowing air be made to vary with the temperature to be measured, 
and the outflowing air be kept at a certain constant temperature, then the 
tension in the space or chamber between the two apertures will be an exact 
Measure of the temperature of the ivflowing air, and hence of the tem- 
perature to be measured. , j ; 

In operation it is necessary that the air be sucked into it through the first 
mipute aperture at the teniperature to be measured, through the second 
aperture at a lower but constant temperature, and that the suction be of a 
constant tension. The first aperture is therefore located in the end of a 
platinum tube in the bulb of a porcelain tube over which the hot blast 
Sweeps, Or inserted into the pipe or chamber containing the gas whose tem- 
perature is to be ascertnined. ms 

The second aperture is located ina coupling, surrounded by boiling water, 
.and the suction is obtained by an aspirator aud regulated by a column of 
water of constant beighr, 

The tension in the chamber between the apertures is indicated by a 
manometer. 

The Air-thermometer, (Prof. B.C. Carpenter, Eng’g News, Jan. 5, 
1893,)—Air is a perfect thermometric substance, and if a given mass of air 
be considered, the product of its pressure and volume divided by its 
absolute temperature is in every case constant. If the volume of air 
remain constant, the temperature will vary with the pressure; if the 
pressure remain constant the temperature will vary with the volume. As 
the former condition is more easly attained air-thérmometers are usually 
econstrueted of eonstant volume, in which case the absolute temperature 
will vary with the pressure, 

Ifwe denote pressure by p and p’, the corresponding absolute tempers 
atures by T'and 7”, we shoud have 


Pipt::f:T’ and T= pe 


The absolute temperature Tis to be considered in every case 460. highes: 
than the thermometer-reading expressed in Fahrenheit degrees. From the 
form of the above equation, if the pressure p corresponding to a known 
absolute temperature 7’ be known, T’ can be found. The quotient T/pisa 
constant which may be used in all determinations with the instrument. The 
pressure on the iastrumeut can be expressed in inches of mercury. and is 
evidently the atmospheric pressure b as shown by a barometer, plus or 
minus an additional amount h shown by @ manometer attached to the air 
thermometer, That is, in several, p = b +h, 

The temperature of 32° I’. is fixed as the point of melting ice, in which 
case 7 = 460 + 32 = 492° Tr. This temperature can be produced by sur- 
rounding the bulb in melting ice and leaving several minutes, so that the 
temperature of the confined air shall acquire that of the surrounding ice. 

hen the air is at that temperature, note the reading of the attached 
manometer h, and that.of a barometer; the sum will be the value of p cor- 
responding to the absolute temperature of 492° F. The constant of the 


CoN K = 492 +p, once obtained, can be used in all future determina- 
‘ions. 


‘High Temperatures judged by Color.—The temperature of a 
body can be approximately Judged by the experienced eye unaided, and 
M. Pouillet has constructed ‘a table, which has been generally accepted, 
giving the colors and their corresponding temperature as below: 


Deg. C. Deg. F. Deg. C. Deg. F. 

Incipient red heat.. 525 oT Deep orange heat... 1100 2021 
Dullred heet ...... 700 1292 Clear orange heat.. 1200. 2192 
Incipient cherry-red White heat.... .... 1800 237) 

heat... .... vce * 800 1472 Bright white heat.. 1400. 2552 
Cherry-red heat..... 900 1652 1 27382 
Clear cherry - red Dazzling white heat} to to 

HOHE ee cnshie oes - 1000 1832 1600 2912 


The results obtained, however, are unsatisfactory, as much depends on 
the susceptibility of the retina of the observer to light as well as the degree 
of illumination under which the observation is made, 
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A bright bar of iron, slowly heated in contact with air, assumes the fol: 
lowing tints at annexed temperatures (Claudel): 


Cent, Fahr. Cent. Fahr, 
Yellow at:.........0. 285 437 Indigo at...... sarace 208 550 
Orange at........ec0. 243 473 Blue at... 5 293 559 
ROM AGL Se vace ccegieee neGD 509 Green at 332° 620 
Violet at... ......50. 277 531 “ Oxide-gr 400 G2 


BOILING POINTS AT ATMOSPHERIC PRESSURE. 
14.7 lbs, per square inch, 


Hther, sulphuric....., - 100°F, Average sea-water,.,....,. 213.2°F 


Carbon bisulphide + 118 Saturated brine,........... 226 
Ammonia......... 140 Nitric acid..., .... wae 248 
Chloroform . 140 Oil of turpentine.....,..... 315 
Bromine.. . 145 Phosphorus:.,..>eatvaeccescg Doe 
Wood sp . 150 Sulphur’... sc vas pcesiclaske ote 
Alcohol, 173 Sulphuric gcid,..,. -. 590 
Benzine... 176 Linseed oil... ... pie ey Ok) 
Water.... .. - 212 Mercury: jc .ieisip msc eeniens 676 


The boiling points of liquids increase as the pressure increases, The boil- 
ing point of water at any given pressure is the same as the temperature of 
saturated steam of the same pressure. (See Steam.) 


MELTING-POINTS OF VARIOUS SUBSTANCES. 


The yey figures are given by Clark (on the authority of Pouillet, 
Claudel, and Wilson), except those marked *, which are given by Prof. Rob- 
erts-Austen in his deseription of the Le Chatelier pyrometer, ‘These latter 
are probably the most reliable figures. 


Sulphurous acid ,.,....... — 148°F, Alloy,1tin,1lead.. 870 to 466°R, 
Carbonic acid,....... eenee = 108 Phe akinank ics eres. 442 60 446 
Mercunvanswer ica seanetseec. 2 00 Cadmium Acheter) ee 
Bromine... .es...0.ciace beef Dab Bismuth.. 504 to 507 
Turpentine .... Same. 14 Lead..... 608 to 618* 
Hyponitrie aci sigainaca® 0: Zine 680 to 779% 
1 a ees pal Sskbaent Oe Antimony .. . - 810 fo 1150 
‘Nitro-glycerine. Se es 45 AVUMINUM, Oe sass crag we none 1)57* 
TAUOW Ss seea cee cen erases 92 Magnesium. DALetireas CUO. 
Phosphorus . sisinlsere ay 112 Calcium ...... Full red heat. 
Acetic acid. ce Sera 113 Bronze .... . 1692 
Stearine ... eseeee 109 to 120 PUVER. 0) cage ceees 1(33* to 1873 
Spermacet:..onsasrecn LOO Potassium sulphate........ 1859* 
Margaric acid ....,... 131 to 140 Gal gcc. cans v+e/5, 1913% to 2282 
Potassium ....... ... + 136 to 144 COROT a. coms ete 1929* to 1996 
Cast iron, white... 1922 to 2075* 
Stearic acid . A anes filo oa 158 aS gray 2012 to 2786 2228% 
BOI ines cee’ wae 194 to 208 [S12y2) eA nee 2372 to 2532 
Alloy, 3lead, 2 tin, 5 bismuth 199 “« hard .. 2570*; mild, 2687* 
BONING Mo 7) ss = sannaen AG aaeeaeR 225 Wrought iron +. 2782 to 2912 
p er eoe Palladium .. - 27382* 
Alloy, 14 tin, 1 lead......... 834 Platinum... 2. 8227" 


For melting-point of fusible alloys, see Alloys. 
Cobalt, nickel, and manganese, fusible in highest heat of a forge. Tung- 
- sten and chromium, nob fusible in forge, but soften and agglomerate. Plati- 
num and iridium, fusible only before the oxyhydrogen blowpipe. 
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Unit of Heat.—The British unit of heat, or British thermal unit 
(B. T. U.), is that quantity of heat which is required to raise the temperature 
of 1 Ib, of pure water 1° Fahr,, at or near 39°.1 F., the temperature of maxi- 
inum density of water, } 

The French thermal unit, or calorie, is that quantity of heat which is re- 
quired to raise the temperature of 1 kilogramme of pure water 1° Cent., at or 
about 4° C,, which is equivalent to 39°.1 F. 

1 French calorie = 3.968 British thermal units; 1 B.T. U. = .252 calorie, 
The “pound calorie” is sometimes used by English writers; it is the quan- 
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tity of heat r 
calorie = 9/5 B.T.U. = 0.4536 calorie. 


uired to raise the temperature of 1 1b. of water 1°O. 1 Ib.) 
‘he heat of combustion of carbon, to 


CO,, is said to be 8080 calories. This figure is used either for French calories or 


for pound calories, as it is the number of 
1° C. by the complete combustion of 1 
kilogrammes of water that can be raised 


ounds of water that can be raised 
b. of carbon, or the number of 
1° C. by the combustion of 1 kilo. 


of carbon; assumiug in each case that all the heat generated is transferred 


to the water. 
The Mechanical 


Equivalent of Heat is the number of foot- 


pounds of mechanical energy equivalent to one British thermal unit, heat 


and mechanical energy being mutually convertible, 
1843-50, gave the figure 772, which is known as Joule’s equivalent. 


Joule’s experiments, 
More re- 


cent experiments by Prof. Rowland (Proc. Am. Acad. Arts and Sciences, 


1880; see also Wood's Thermodynamics) 
probable average is now considered to be 


ge higher figures, and the most 
oy 


1 heat-unit is equivalent to 778 ft.-lbs. of energy. 1 ft. Ib. = 1/778 =.0012852 


heat-units. 1 horse-power = 33,000 ft.-lbs. 


per minute = 2545 heat-uuits per 
hour = 42,416 + per minute = .70694 per second. 


1 Ib. carbon burned to CO, 


= 14,544 heat-units. 1b. C, per H.P. per hour = 2545 +114544 = 1742 efficiency 


(.174986) 


Heat of Combustion of Various Substances in Oxygen. 


a 


Heat-units. 
Authority. 
Cent. | Fahr. = 
— 
3 34,462) 62,032/Favre and Silbermann. 
Hydrogen to liquid water at 0° C.... 33,808] 60,854) Andrews. 
34,342) 61,816/Thomsen. 
a8 tosteam at 100° C......... 28,732| 51,717|Favre and Silbermann, 
Carbon (wood charcoal) to carbonic es ed agen _ 
acid, CO,; ordinary temperatures. 81371 1 4'647|Berthelot. 
Carbon, diamond to COg............. 7,859) 14,146 se 
sg ack diamond to CO,, ...... 7,861] 14,150 aN 
Meemietaphite to. C090) Ses. c se. 7,901] 14,992 “ 
Carbon to carbonic oxide, CO........ 2,473 


2, 
Carbonic oxide to COg, per unit of CO 2,431 


CO to CO, per unit of C = 2% x 2403 


Marsh-gas, Methane, CH, to water] § 12,120 
GOO merettae's ol ticie'sieieleiseviee's cece : 


11,858 
Olefiant gas, Ethylene, C,H, to 1 
water and © “> SSSR ig hittin pias 


4,451|Favre and Silbermann. 
4,325] WU 


’ 

4,376| Andrews. 

4,293/Thomsen. 
10,093|Favre and Silbermann, 
23,616/Thomsen, 
23,594) Andrews. 
23,513|Favre and Silbermann. 
21,344] * ss 
21,496] Andrews. 
21,523/Thomsen, 
18,184 sé 
17,847|Favre and Silbermann, 


In burning 1 pound of hydrogen with 8 poun 
of water, the units of heat evolved are 62,0: 
resulting product is not cooled to the initia 


ds of oxygen to form 9 pounds 
2 (Favre and §.); but if the 
1 temperature of the gases, 


part of the heat is rendered latent in the steam. The total heat of 1 lb’ 
of steam at 212° F. is 1146.1 heat-units above that of water at 32°, and 
9 X 1146.1 = 10,315 heat-units, which deducted from 62,032 gives 51,717 as the 
heat evolved by the combustion of 1 lb. of hydrogen and 8 lbs. of oxyzen at 


82° F. to form steam at 212° F, 


By the decomposition of a chemical compound as much heat is absorbed 
or rendered latent as was evolved when the compound was formed. If 1 Ib. 
of carbon is burned to COg, generating 14,544 B.T.U., and the CO, thus formed 


is immediately reduced to CO in the 
reaction CO, + C = 2CO, the result is t¢ 


resence of glowing carbon, by the 
© same as if the 2 lbs. C had been 


burned directly to 2CO, generating 2 X 4451 = 8902 heat-units; consequently 
14,544 — 8902 = 5642 heat-units have disappeared or become latent, and the 
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“unburning ” of CO, to CO is thus a cooling operation. (For heats of com- 
bustion of various fuels, see Fuel.) 


SPECIFIC HEAT. 


Whermal] Capacity.—The thermal capacity of a body is the quantity 
of heat required to raise its temperature one degree. The ratio of the heat 
required to raise the temperature of a certain weight of a given substance 

. one degree to that required to raise the temperature of the same weight of 
water one degree from the temperature of maximum density 39,1 is com- 
monly called the specific heat of the substance. Some writers object to the 
term as being an inaccurate use of the words “specific” and “heat.” A 
more correct name would be “ coefficient of thermal capacity ”’ 

Determination of Specific Heat.—Method by Mixture—The 
body whose specific heat is to be determined is raised to a known tempera- 
ture, and is then immersed in a mass of liquid of which the weight, specific 
heat, and temperature are known. When both the body and the liquid 
have attained the same temperature, this is carefully ascertained. 

Now the quantity of heat lost by the body is the same as the quantity of 
heat absorbed by the liquid. 

Let c, w, and ¢ be the specific heat, weight, and temperature of the hot 
body, and c’, w’, and t’ of the liquid. Let 7 be the temperature the mix- 
ture assumes. 

Then, by the definition of specific heat, c x w X (t — T) = heat-units lost 
by the hot body, and ec’ x w’ x (1 — t’) = heat-units gained by the cold 
liquid. If there is no heat lost by radiation or conduction, these must be 


equal, and 

cw! (T — t’) 
wt—T) * 
Specific Heats of Various Substances, 


cew(t — T)=c'w(T—t’) or c= 


The specific heats of substances, as given by different authorities, show 
considerable lack of agreement, especially in the case of gases. 

The following tables give the mean specific heats of the substances named 
according to Regnault. (From Rontgen’s Thermodynamics, p. 134.) These 
specific heats are average values, taken at temperatures which usually come 
under observation in technical application. The actual specific heats of all 
substances, in the solid or liquid state, increase slowly as the body expands 
or as the temperature rises. It is probable that the specific heat of a body 
when liquid is greater than when solid. For many bodies this has been 
verified by experiment. 


Soups, 
Antimony........ Suissa aioanie .-. 0.0508 | Steel (soft)....... o<cvectapuicny. 0.1100 
Copper....... Nemhorbenbge otc 0.0951 | Steel (hard)....... salenimamem ates 0 1175 
(E12) 0 aeneneeercn ace “CCRC PERNOH0S24 | NOC Pet bic wiu a stace sas ead ee eee en Oe: 
Wrought iron......... ....ces 0.1138 | Brass........ aestindae teate wee» 0.0939 
CARB 2. cde? eatet nes dives POL 9DT | AGGng ins aclercasansbsea miehenane Cen, 
(CASE TLON). Ls. ses ssncincuiseinr ss 0.1298 | Sulphur -... 2.2.2... cececesonce 0.2026 
| 02): Yo Raper er qr moOuran cade OL03142| CHAT COAL Mince nc tied sclecie staeeate eeUne alo 
Platinum........ Pees cee 0.0324 | Alumina............- scaGalenes 0.1970 
FSS 2) ee A Seas poeeeme 0.0570 | Phosphorus......0++ e-seeses+ 0.1887 
ys a Viisioe pioneer enia seeee 0.0562 

Liqvuips. 
Waters 5. ios ssceseen : mercy: ab ehee otal eseeee en ee 0.0888 
Lead (melted)... a en: Alcohol (absolute) ........... 0.7000 
Sulphur ‘ ne Fusel Oil.... 2.2.0.6 seesceenes 0.5640 
Bismuth ‘ Benzine A. spciceaaeccins seeeecees 0.4500 
Tin oe nat Ether... ccovccnsncscscncesvess 0, 
Sulphuric acid...... eee 


- 
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Gass, ; | 


Constant Pressure. Constant Volume, j 
Rind sen hec seen estou okey ERB CET 0.16847 | 


In addition to the above, the [following are given by other authorities, 
(Selected from various sources.) 


MErTALs. 

Platinum, 32° to 446° F. ....... .0333 Wrought iron (Petit & Dulong), 

(increased .000305 for each 100° F.) Ke 32° fo 212%) aaa, 1098 
Cadmium ooo Salve GOOEY! st 82° to 892° wath 
Brass..... ++ .0939 ae 82° to 572° 
Copper, 32 RIO oo el « 094 as 82° to 662° 

Us Bee COD 2° We idece ca -1013 | Wrought iron (J. C. Hoadley, 

Zine 82° to. 212° F.... 1... 10997 A.S. M. E., vi. 718), i 

Ky 82° 60 572° Fe. cee an +1015 | Wrought iron, 82° to 200°... . 1129 
AGRON tae ae eS ORR ne 82° to 600°..... .1827 
Aluminum, 0° F, to melting- bs 82° to 2000°...., .2619 

point (A. E, Hunt).......... 0.2185 | 

OTHER Soips. 

Brickwork and masonry, about. .20 COakiene yeas ics sae * se-ss0e 220 to 241 
POTD LOM RT See it Far 8 is a0 OO er ee arreak te sere a aR a 203 
(8) 07.1 ea eee 2167) Grapnlperesss a 76 Ayan eee 202, 
Quicklime............ 217 | Sulphate of lime....,........... 197 
Magnesian limestone 2217 3) Mapriesla. £1,025 esen seckeaee ane 1202 
SRV eae LOLI SOda i ccmaceeeee aac ee ea Tanne 2231 
Corundum...... oe. 198 guarte a kiivel caeiy ew Semete lea e + 188 
Stones generally,............ -2 to 22 iver sand +19! 


Pine (turpentine). 
Fir 


Alcohol, density .793............ +622 | Olive.oils...¢.c. cc; lghiaiateree castorate 810 

Sulphuric acid, density 1.87... |335 Benzind 2.0 ssc tc ah eka 

ie! ert LBOF eet -661 | Turpentine, density .872........ 472 

Hydrochloric acid............ .. {600 | Bromine... .... aifaliiere ei Sola ters + 1,111 
GASES, 


At Constant At Constant 
Pressure. Volume. 


a £0 lee ghavwiate, ifettareielety- oe atte -1553 «1246 
Light carburetted hydrogen, marsh gas (CH). .5929 4683 
Blast-furnace gases.... ...’....... ........2. Q277 wiktiets 
Specific Heat of Salt Solution, (Schuller.) Pay 
Per cent salt in solution........ 5 10 15 20 25 ' 
Specific heat............ r+ee. -9306 8909 = 8606 = «8490S * 8073 
Specific Heat of Air.—Regnault gives for the mean value 
Between — 30° C. and + 10° G......... ......... 
fe 1 Cae ies (100 even oa 
ss UP LOR eS 200° C 


Hanssen uses 0.1686 for the specific heat of air at constant volume. The 
value of this constant has never been found to any degree of avcurac by 
direct experiment. Prof. Wood gives 0.2375 + 1.406 = 0.1689. The ratio of 
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the specific heav of a fixed gas at constant pressure to the sp. ht. at con- 
stant volume is given as follows by different writers (Eng’g, July 12, 1889): 
Regnault, 1.3953; Moll and Beck, 1.4085; Szathmari, 1.4027; J. Macfarlane 
Gray, 1,4. The first three are obtained from the velocity of sound in air, The 
fourth is derived from theory. Prof. Wood says: The valye of the ratio for 
air, as found in the days of La Place, was 1.41, and we have 0.2377 = 1.41 
= 0.1686, the value used by Clausius, Hanssen, and many others, But this 
ratio is not definitely known, Rankine in his later writings used 1 408, and 
Tait in a recent work gives 1.404, while some experiments gives less than 
1.4 and others more than 1.41. Prof, Wood uses 1.406, 

Specific Heat of Gases,—Experiments by Mallard and Le Chatelier 
indicate a continuous increase in the specific heat at constant volume of 
steam, CQx, and even of the perfect gases, with rise of temperature. The 
variation is inappreciable at 100° C., but increases rapidly at the high tem- 
fae of the gas-engine cylinder. (Robinson’s Gas and Petroleum 

ngines, 

‘Specific Heat and Latent Heat of Fusion of Iron and 
Steel. (H. H. Campbell, ‘Trans. A. I. M, H., xix. 181.) 


Specific heat pig iron, 0 to 1200° G............. 16 ieee 
se 2 " 1200 to 1800° G,, tyeee 0.21 pace 
ry ef zs O'E0 1500 O.03 aidiseeae Cintas 0.18 


t ee xt 1500 60 1800° Gece ei eecceee wece 0.20 
Calculating by both sets of data we have : 


° 
: Akerman. Troilius, 
Heating from 0 to 1800° G., ...... . 318 330 calories per kilo. 
Hence probable value is abont. jo... + 825 calories per kilo, 
Specific heat, steel (probably high carbon)... (Troilius)..... 1175 
* se BOPP ANON ES “pet bey, oe ee as woes ALOGL 


° 
Akerman.  Troilius. 
Latent heat of fusion, pig iron, calories per kilo.. 46 wi 
> Ci fe ‘gray IE FOO ean NE, wii 33 
“ “ te white pig 
¥rom which we may assume that the t 


iyiias cae 23 
about : Steel, 20 ; pig iron, 30, 
EXPANSION BY HEAT, 

In the centigrade scale the coefficient of expansion of air per degree is 
0.003665 = 1/273; that is, the pressure being constant, the volume of a perfect 
gas increases 1/273 of its volume at 0° ©. for every increase in temperature 


of 1° C, In Farenheit units it increases 1/491.2 = .002036 of its volume at 
32° F. for every increase of 1° F, 


Expansion of Gases by Heat from 32° to 212°R, (Regnault.) 


Increase in Volume, | Increase in Pressure, 
Pressure Constant, Volume Constant. 
Volume at 32° Fahr. Pressure at 822 
= 1.0, for Fahr. = 1.0, for 
100° C, 12,8). 100° U. 1% 
LYOrOBON. Vavaec ss cvsie sesesess| 0.3661 0.002034 0.3667 0.002037 
Atmospheric air.,.. ........0. 0.3670 0.002039 0.3665 0.002086 
Nitrogen . tee ees Pp a seeeees| 0.8670 0.002039 0.3668 0.002089 
Carbonic oxide....... Sus \nleiecais ns 0.3669 0.002038 0.3667 0.002037 
Carbonic acid ........... Coens 0.3710 0.002061 0.3688 0.002039 
Sulphurous acid .......... 1... 0.3903 0.002168 0.3845 0.002136 


If the volume is kept constant, the pressure varies directly as the absolute 
temperature. 
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Lineal Expansion of Solids at Ordinary Temperatures, 
(British Board of Trade; from CLARK.) 


a 


Glass, English flint 


“ 


Granite, gray, OSy renee ze 


red, d 


Steel, cast...... 


“tem 


Stone (san 


Ered... ss. 
stone), dry 
i Rauville . 


thermometer... ae ae 
hard 3 


For 
1° Fahr, 


Length=1 


-00001234 
..| 00000627 
«| 00000957’ 
-00001052 
-00000306 
-00000986 


-00000453 
-00000200 


.00000434 


-00000788 
00001079 
-00000577 
00000636 
.00000689 
-00000652 
-00000417 
00001163 
-00000489 
-| -00000276 
-| .00001407 


00001496 


For 
1° Cent, 


Length=1 


.00002221 
00001129 
-000017'22 
00001894 
00000550 
00001774 
00001755 
-00001070 
00001430 
00001596 
00007700 


-00000815 
00000360 


00000781 


.00001419 
-00001943 


| .00001038 


00001144 
-00001240 
00001174 
00000750 
00002094 
-00000881 


| 00000496 


.00002532 
00002692 


Coef- 

a Accord- 
Expan- OF id 
from |Author- 
32° to | ities 
212° F. 


000781 


001419 
-001943 


002692 


018018 
001279 


Cubical expansion, or expansion of volume = linear expansion X 3, 
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Absoluxve Temperature—Absolute Zero.—The absolute zero of a 
gas is a theoretical consequence of the law of expansion by heat, assuming 
that it is possible to continue the cooling of a perfect gas until its volume is 
diminished to nothing. 8 

If the volume of a perfect gas increases 1/273 of its volume at 0° C, for 
every increase of temperature of 1° C., and decreases 1/273 of its volume for 


- every decrease of temperature of 1° C., then at — 273° C. the volume of the 


imaginary gas would be reduced to nothing. This point — 273° C., or 491.2° 
F. below the melting-point of ice on the air thermometer, or 492.66° F, he- 
low on a perfect gas thermometer = — 459,2° F. (or — 460.66°), is called the 
absolute zero; and absolute temperatures are temperatures measured, on 


‘ either the Fahrenheit or centigrade scale, from this zero. The freezing 


point, 32° F., corresponds to 491.2° F. absolute. If pg be the pressure and 
Up the volume of a gas at the temperature of 32° F. = 491.2° on the absolute 
scale = J), and p the pressure, and v the volume of the same quantity of 
gas at any other absolute temperature 7’, then 
py _T _ t4+459.2 pv _ povo 
Povo _ Lo AIRS Raheem oT Gur 
The value of pov) + Zp for air is 53.87, and pv = 58.377, calculated as fol- 


volume of one pound is vg = ares = 12.387 cubic feet. The pressure per 
square foot is 2116.2 lbs. f 
Povo _ P116.2 X 12.387 26214 58.37 
Gas 491.18 ACCC ay 


The figure 491.13 is the number of degrees that the absolute zero is below 
the melting-point of ice, by the air thermometer. On the absolute scale, 
whose divisions would be indicated by a perfect gas thermometer, the cal- 
culated value approximately is 492.66, which soni make pv = 53.21T. Prof, 
Thomson considers that — 273.1° C,, = — 459.4° F., is the most probable value 
of the absolute zero. See Heat in Ency. Brit. 

Expansion of Liquids from 32° to 212° F.—Apparent ex- 
pansion in glass (Clark). Volume at 212°, volume at 32° being 1: 


ULERY Ue anh ce Rsvenic ecto wale os A O466) See Nitric. acids ;2 003 aaetnniesstawe/eae Lott 
Water saturated with salt.... 1.05 Olive and linseed oils........... 1.08 
Mercury.......... AS NCE Ora 1.0182 Turpentine and ether .......... 1.07 
PRTICONOL »csnc's came teae sevice Bele LL Hydrochlor. and sulphuric acids 1.06 


For water at various temperatures, see Water, 
¥or air at various temperatures, see Air, 


LATENT HEATS OF FUSION AND EVAPORATION. 


Latent Heat means a quantity of heat which has disappeared, having 
been employed to produce some change other than elevation of temperature. 
By exactly reversing that change, the quantity of heat which has dis- 
appeared is reproduced. Maxwell defines it as the quantity of heat which 
must be communicated to a body in a given state in order to convert it into 
another state without changing its temperature. 

Latent Heat of Fusion.—Whben a body passes from the solid to the 
liquid state, its temperature remains stationary, or nearly stationary, at a 
certain melting point during the whole operation of melting; and in order 
to make that operation go on, a quantity of heat must be transferred to the 
substance melted, being a certain amount for each unit of weight of the 
substance. This quantity is called the latent heat of fusion, 

When a body passes from the liquid to the solid state, its temperature 
remains stationary or nearly stationary during the whole operation of freez- 
ing; a quantity of heat equal to the latent heat of fusion is produced in the 
body and rejected into the atmosphere or other surrounding bodies. 

The following are examples in British thermal units per pound, as given 
in Landolt & Burnstein’s Physikalische-Chemische Tabellen (Berlin, 1894). 


Latent Heat Latent Heat 
Substances. “G¢ pusion. Substances, “Gr wy aii 
PSOE oo gies ert ere esnl= 22.75. Bilvericisceresanen st as 37.93 
Cast Iron, gray... ... 41.4 Beeswax... . 76.14 
Cast Iron, white....... 59.4 Paraffine... 63.27 
TiSACiseiis eins teas Amite als Spermaceti , 66.56 
MTS. fost 25.65 Phosphorus. 9.06 


YAU ena Suh ou seee BOS Sulphur 
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Prot. Wood considers 144 heat units as the most reliable value for the 
latent heat of fusion of ice. Person gives 142 65. 


each unit of weight of the substance evaporated depends on the temperature. 
That heat does not raise the temperature of the substance, but disappears 
in causing it to assume the gaseous state, and it is called the latent heat of 
evaporation. HEAT = i 

When a body passes from the gaseous state to the liquid or solid state, its 
emperature remains stationary, during that Operation, at the boiling-point 
2orresponding to the pressure of the vapor: a quantity of heat equal to the 
latent heat of evaporation at that temperature is produced in the ody; and 
in order that the operation of condensation may go on, that heat must be 
transferred from the bod y condensed to some other body. 

The following are examples of the latent heat of evaporation in British 
thermal] units, of one pound of certain substances, when the pressure of the 
vapor is one atmosphere of 14.7 lbs. on the square inch; 


Boiling-point under Latent Heat in 
Substance. one atm. Fahr, British units. 
Water oe (2b) 7. eesti 212.0 965.7 (Regnault.) 
Alcohol eee 172.2 364.3 (Andrews,) 
BBBOR ss ooo ane cle 95.0 162.8 bi 
Bisulphide of carbon............ 114.8 156.0 f 


The latent heat of evaporation of water at a series of boiling-points ex~ 
tending from a few degrees below its freezing-point up to about 375 degrees 
Fahrenheit has been determined experimentally by M. Regnault. The re- 


Iu the case of water, the experiments of M, Regnault show that the tota} 
heat of steam from the temperature of melting ice increases ata uniform 
rate as the temperature of evaporation rises. The following is the formula 
in British thermal units per pound; 

A = 1091.7 +.0,305(¢ — 82°), 


For the total heat, latent heat, etc., of steam at different pressures, see 
table of the Properties of Saturated Steam. For tables of total heat, latent 


ies (Dubois’s translation.) For ammonia and Sulphur dioxide, see Wood's 


EVAPORATION AND DRYING, 


Tn evaporation, the formation of vapor takes place on the surface; in boil- 
ing, within the liquid: the former is a slow, the latter a quick, method of 
evaporation, 

If we bring an Open vessel with water under the receiver of an air-pump 
and exhaust the air the water in the vessel will commence to boil, and if we 
keep up the vacuum the water will actually boil near its freezing-point. The 
formation of steam in this case is due to the heat which the water takes out 
of the surroundings, 

Steam formed under Pressure has the same temperature as the liquid in 
which it was formed, provided the steam is kept under the same pressure, 

By properly cooling the rising steam from boiling water, as in the muitiple- 
effect evaporating systems, we can regulate the pressure so that the water 
boils at low temperatures, 
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Evaporation of Water in Reservoirs.—Experiments at .the 
Mount Hope Reservoir, Rochester, N. Y., in 1891, gave the following results: 


July. Aug. Sept. Oct. 
Mean temperature of air in shade,.........--. 70.5 70.3 68.7 53.3 
a8 Sg “« water in reservoir....-.. 68.2 70.2 66.1 54.4 
‘* humidity of air, per cent... .. selecade decarOteO) 5 4406") FOS 94.7 
Evaporation in inches during month,.......... 5.59 4.93 4,05 3.22 
Rainfall in inches during month.............. 8.44 2.95 1.44 2.16 


Evaporation of Water from Open Channels. (Flynn's 
Irrigation Canals and Flow of Water.)—Experiments from 1881 to 1685 in 
Tulare County, California, showed an evaporation from a pan in the river 
equal to an average depth of one eighth of an inch per day throughout the 

" year, 

When the pan was in the air the average evaporation was less than 3/16 
of an inch per day. The average for the month of August was 1/3 inch per 
day, and for March and April 1/12 of an inch per day. Experiments in 
Colorado show that evaporation ranges from ,088 to .16 of an inch per day 
during the irrigating season, 

In Northern Italy the evaporation was from 1/12 to 1/9 ineh per day, while 
in whe south, under the influence of hot winds, it was from 1/6 to 1/5 inch 

or day. 

ii the hot season in Northern India, with a decidedly hot wind blowing, 

the average evaporation was 44 inch per day. The evaporation increases 

. with the temperature of the water, 

Evaporation by the Multiple System.—A multiple effect is a 
series of evaporating vessels each having a steam chamber, so connected 
that the heat of the steam or vapor produced in the first vessel heats the 
second, the vapor or steam produced in the second heats the third, and so 
on, The vapor from the last vessel is condensed in a condenser, Three 
vessels are generally used, in which case the apparatus is called a Triple 
Effect. In evaporating in a triple effect the vacuum is graduated so that the 
liquid is boiled at a constant and law temperature. ( 

Resistance to Boiling.—Brime. (Rankine.)—The presence in a 
liquid of a substance dissolved in it (as salt in water) resists ebullition, and 
raises the temperature at which the liquid boils, under a given pressure; but 
unless the dissolved substance enters into the composition of the vapor, the 
relation between the temperature and pressure of saturation of the yapor 
remains unchanged, A resistance to ebullition is also offered by a vessel of 

, a material which attracts the liquid (as when water bc ils in a glass vessel), 
and the boiling take place by starts. To avoid the errors which causes of 
this kind produce in the measurement of boiling-points, it is advisable to 
place the thermometer, not in the liquid, but in the vapor, which shows the 
true boiling-point, freed from the disturbing effect of the attractive nature 
of the vessel. The boiling-point of saturated brine under one atmosphere 
is 226° Fahr., and that of weaker brine is higher than the boiling-point of 
pure water by 1.2° Fahr., for each 1/32 of salt that the water contains. 
Average sea-water contains 1/32; and the brine in marine boilers is not suf- 
fered to contain more than from 2/32 to 3/32. 

‘ Methods of Evaporation Employed in the Manufacture 

of Salt. (F. E. Engelhardt, Chemist Onondaga Salt Springs; Report for 

1889.)—1. Solar heat—solar evaporation. 2. Direct fire, applied to the heat- 

ing surface of the vessels containing brine—kettle and pan methods. 3. The 

steam-grainer system—steam-pans, steam-kettles, ete. 4, Use of steam and 

a reduction of the atmospheric pressure over the boiling brine—vacuum 

system. 
vWhen a saturated salt solution boils, it is immaterial whether it is done 

» under ordinary atmospheric pressure at 228° F,, or under four atmospheres 

- with a temperature of 320° F., or ina vacuum under 1/10 atmosphere, the 

result will always be a fine-grained salt. 

The fuel consumption is stated to be as follows: By the kettle method, 40 
to 45 bu. of salt evaporated per ton of fuel, anthracite dust burned on per- 
- forated grates; evaporation, 5.53 lbs. of water per pound of coal. By the 

pan method, 70 to 75 bu. per ton of fuel. By vacuum pans, single effect, 86 
- bu. per ton of anthracite dust (2000 Ibs.) With a double effect nearly 

_ double that amount can be produced, . 


‘d4 HEAT. 


Soinbility of Common Salt in Pure Water. (Andrem,) 


Temp. Of brine, Becse. seehies cose Oe 50 86 104 140-176 
100 parts water dissolve parts.... 35.68 85.69 86.03 36.82 87.06 38.00 
100 parts brine contain salt..... + 26.27 26.30 26.49 26.64 27.04 27.54 


According to Poggial, 100 parts of water dissolve at 229.66° F., 40.35 parts 
of salt, or in per cent of brine, 28.749. Gay Lussac found that at 229.72° F. 
100 parts of pure water would dissolve 40.88 parts of salt, in per cent o 
‘brine, 28.764 parts. 

The solubility of salt at 229° F. is only 2.5% greater than at 32°. Hence we 
cannot, as in the case of alum, separate the salt from the water by allowing 
4 saturated solution at the boiling point to cool to a lower temperature. 


Solubility of Sulphate of Lime in Pure Water. (Marignac.) 


Temperature F. degrees. 82 64,5 89.6 100.4 105.8 127.4 186.8 212 
Parts water to dissolve 415 886 871 368 370 


on part evens age 375 417s: 452 
arts water to dissolve ”, 
part anhydrous CaSO, f 525 488 470 466 468 474 528 572 


In salt brine sulphate of lime is much more soluble than in pure water. 
In the evaporation of salt brine the accumulation of sulphate of lime tends = 
a at the operation, and it must be removed from the pans to avoid waste 
of fuel. 

The average strength of brine in the New York salt districts in 1889 was 
69.38 degrees of the salinometer, 

Strength of Salt Brines.—The following table is condensed from 
one given in U. S. Mineral Resources for 1888, on the authority of Dr. 
Englehardt, 


Relations between Salinometer Strenzeth, Specific Gravity, 
Solid Contents, etc., of Brines of Different Strengths. 


—_———— ese 
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265] 8.347] 022] 2.581 21,076 | 3.513 569 
-580) 8.356} .044] 1,264 10.510 | 1,752 1.141 
1.060) 8.389] .088) 629.7 | 5.227 871.2 2,295 
1.590} 8.414] 183] 418.6 | 8.466 677.7 8.462 
2.120) 8.447 179} 812.7 } 2,585 430.9 4.641 
2650) 8.472) .2e4| 2494] 2.057 842.9 5 833 
8.180) 8.506 27 207.0 | 1,705 284.2 7.088 
8.710} 8.589) .816] 176.8] 1,458 242.2 8.256 
4.240) 8.564 364) 154.2 | 1,265 210.8 9.488 
4.770} 8.597] .410) 136.5 | 1.118 186.3 | 10.73 
5.300 8.622 457) 122.5] 1,001 176.8 | 11.99 ; 
7.950) 8.781 698 80.21 648.4) 108.1 |} 18.51 
10.600) 8.939] .947 59.09 472.3 (8.71! 25.41 3 
13.250) 9.105) 1.206 46.41 366.6) 61.10) 8278 
15, 900] 9,280} 1.475 87.94 296.2) 49.36) 40.51 
18.550} 9.464) 1,755 81.89 245.9) 40,98} 48.80 
21.200} 9.647) 2.045 27.38 208.1 34.69) 57.65 


Cee 23.40] 1.182]23.850| 9847] 21348] 23.84] 178.8] 29.80] By 11 
100........| 26.00] 1.205] 26.500] 10.089] 2° 
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Concentration of Sugar Solutions.* (From “ Heating and Con- 
centrating Liquids by Steam,” by John G. Hudson; The Engineer, June 13, 
1890.)—In the early stages of the process, when the liquor is of low density, the 
evaporative duty will be high, say two to three (British) gallons per square 
foot of heating surface with 10 lbs. steam pressure, but will gradually fall to 
an almost nominal amount as the final stage is approached. Asagenerally 
safe basis for designing, Mr. Hudson takes an evaporation of one gallon per 
hour for each square foot of gross heating surface, with steam of the pres- 
sure of about 10 lbs. 

As examples of the evaporative duty of a vacuum pan when performing 
the earlier stages of concentration, during which all the heating surface 
ean be employed, he gives the following: 

Com Vacuum Pan.—434 in. copper coils, 528 square feet of surface; 
steam in coils, 15 lbs.;_ temperature in pan, 141° to 148°; density of feed, 25° 
Beaumé, and concentrated to 31° Beaumé. 

First Trial.—Evaporation at the rate of 2000 gallons per hour = 3.8 gallons 
per square foot; transmission, 376 units per degree of difference of tem- 
_ perature. 

Second Trial.—Evaporation at the rate of 1503 gallons per hour = 2.8 gal- 
lons per square foot; transmission, 265 units per degree. 

As regards the total time needed to work up a charge of massecuite from 
liquor of a given density, the following figures, obtained by plotting the 
results from a large number of pans, form a guide to practical working. 
The pans were all of the coil type, some with and some without jackets, 
the gross heating surface probably averaging, and not greatly iffering 
from, .25 square foot per gallon capacity, and the steam pressure 101bs. per ~ 
square inch. Both plantation and refining pans are included, ma 
various grades of sugar: 

Density of Feed (degs, Beaumé). 
10° «15° 20° 25°. 30* 


Evaporation required per gallon masse- 

cuite discharged......00...+..-++24+ os 6.123 3.6 2.26 «15 97 
Average working 

ChATZO.... i -- 200+ 008. dee hemasing= (lens \ncein Lee 9. 64H 5 4, 
Equivalent average evaporation per hour 

per square foot of gross surface, as- 

suming .25 sq. ft. per gallon capacity.. 2.04 16 1.39 1.2 97 
Fastest working hours required per 

[ithe meh abees miter es ie 85 4 BS 3.8 2.75 2.0 
Equivalent average evapo! 

our per square foot....... easels mee 12.00. «ale 2.38 218 19 


The quantity of heating steam needed is practically the same in vacuum 
asin open pans. The advantages proper to the vacuum system are pri- 
marily the reduced temperature of boiling, and incidentally the possibility 
of using heating steam of low pressure. 

In a solution of sugar in water, each pound of sugar adds to the volume 
oe ae water to the extent of .061 gallon at a low density to .0638 gallon at 

igh densities. 

A Method of Evaporating by Exhaust Steam is described 
by Albert Stearns in Trans. A. 8, M. E., vol. viii. A pan 17 6” x 11’ x 1’ 6”, . 
fitted with cast-iron condensing pipes of about 250 sq. ft. of surface, eva) 
rated 120 gallons per hour from clear water, condensing only about one half 
of the steam supplied by a plain slide-valve engine of 14/7 x 32 cylinder, 
making 65 revs. per min., cutting off about two thirds stroke, with steam at 
75 lbs. boiler pressure. _ 

It was found that keeping the pan-room warm and letting only sufficient 
air in to carry the vapor up out of a ventilator adds to its efficiency, as the 
average temperature of the water in the pan was only about 165° F, 

Experiments were made with coils of pipe in a small pan, first with no 
agitator, then with one having straight blades, and lastly with troughed 
blades; the evaporative results being about the proportions of one, two, and 
three respectively. : 

In evaporating liquors whose boiling point is 220° F., or much above that 
of water, it fs found that exhaust steam can do but little more than bri 
them up to saturation strength, but on weak liquors, syrups, glues, ete., it 
should be very useful. 


* For other sugar data see Bagasse as Fuel, under Fuel. 
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Drying mi Vacuum.—An apparatus for drying grain other sub. 
stnstoes ServACUnNA is described by Mr. Emil Passburg in Proc. Inst. Mech, 
Engrs., 1889. The three essential requirements for a successful and eco- 
nomical process of drying are: 1, Cheap evaporation of the moisture; 
2. ae drying at a low temperature; 3. Large capacity of the apparatus 
employed, 

the TemOval of the moisture can be effected in either of two ways; either 
by slow evaporation, or by quick evaporation—that is, by boiling, : 

Slow Evaporation.—The principal idea carried into practice in machines 
acting by slow evaporation is to bring the wet substance repeatedly into 
contact with the inner surfaces of the apparatus, which are heated by 
Steam, while at the same time a current of hot air is alsu passing through 
the substances for carrying off the moisture, ‘This method requires much 
heat, because the hot-air Current has to move ata considerable speed in 
order to shorten the drying process as much as possible; consequently a 
great quantity of heated air passes through and escapes unused. AS a Gar- 
rier of moisture hot air cannot in practice be charged beyond half its full 
saturation; and it is in fact considered a satisfactory result if even this 
proportion be attained. A great amount of heat is here produced which is 
not used; while, with scarcely half the cost for fuel, a-much quicker re- 
moval of the water is obtained by heating it to the boiling point. 

ick Evaporation by Boiling.—This does not take place until the water 
is brought up to the boiling point and kept there, namely, 212° F., under 
atmospheric pressure. The vapor generated then escapes freely. Liquids 
are easily evaporated in this way, because by their motion consequent on 
boiling the heat is continuously conveyed from the heating surfaces through 
the liquid, but it is different with solid Substances, and many more difficul- 
ties have to be overcome, oecause convection of the heat ceases entirely in 
solids. The substance remains motionless, and consequently a much 
greater quantity of heat is required than with liquids for obtaining the 
same results, 

poration in Vacuum,.—All the foregoing disadvantages are avoided it 
the boiling-point of water is lowered, that is, if the evaporation is carried 
out under vacuum, 

This plan has been successfully applied in Mr. Passburg’s vacuum drying 
apparatus, which is designed to evaporate large quantities of water con- 
tained in solid substances. 

The drying apparatus consists of a top horizontal cylinder, surmounted 
by a charging vessel at one end, and a bottom horizontal cylinder with a 
discharging vessel beneath it at the same end, Both cylinders are encased 
in steam-jackets heated by exhaust steam. In the to cylinder works 4 re- 
volving cast-iron screw with hollow blades, which is alee heated by exhaust 
steam. The bottom cylinder contains a revolving drum of tubes, consisting 
of one large central tube surrounded by 24 smaller ones, all fixed in tube- 

lates at both ends; this drum is heated by live steam direct from the boiler. 

he substance to be dried is fed into the charging vessel through two man- 
holes, and is carried along the top cylinder by the screw creeper to the back 
end, where it drops through a valve into the bottom cylinder, in which it is 
lifted by blades attached to the drum and travels forwards in the reverse 
direction; from the front end of the bottom cylinder it falls into a discharg- 
ing vessel through another valve, having by this time become dried. The 
vapor arising during the precens is carried off by an air-pump, through a 
dome and air-valve on the Se abr the upper cylinder, and also through 
a throttle-valve on the top of the lower cylinder; both of these valves are 
supplied with strainers. 

AS soon as the discharging vessel is filled with dried material the valve 

cting it with the bottom cylinder is shut, and the dried charge taken 
out without impairing the vacuum in the apparatus. When the charging 
vessel requires re’ lenishing, the intermediate valve between the two eylin- 
ders is shut, and the charging vessel filled with a fresh supply of wet mate- 
rial; the vacuum still remains unimpaired in the bottom cylinder, and has 
to be restored only in the top cylinder after the charging vessel has been 
closed again. ‘ 

Ta this vacuum the boiling-point of the water contained in the wet mate- 
rial is brought down as low as 110° F, The difference between this tempera- 
ture and that of the heating surfaces is amply sufficient for obtaining good 
results from the employment of exhaust steam for heating all the surfaces 
except the revolving drum of tubes. The water contaiped in the solid sub- 
stance to be dried evaporates as soon as the latter isheated to about 110° es 
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and as long as there is any moisture to be removed the solid substance is 
not heated above this temperature. : 

Wet grains from a brewery or distillery, containing from 75% to 78% of 
water, have by this drying process been converted in some localities from 
a worthless incumbrance into a valuable food-stuff. The water is removed 
by evaporation only, no previous mechanical pressing being resorted to. 

At Messrs. Guinness’s brewery in Dublin two of these machines are em- 
ployed. In each of these the top cylinder is 20’ 4” long and 2’ 8’ diam., and 
the screw working insido it makes 7 revs, per min.; the bottom cylinder is 
19’ 2” long and 5’ 4” diam.,, and the drum of the tubes inside it makes 5 revs. 
per min. The drysng surfaces of the two cylinders amount together to a 
total area of about 1000sq,. ft., of which about 40% is heated by exhaust steam 
direct from the boiler. There is only one air-pump, whichis made large 
enough for three machines; it is horizontal, and has only one air-cylinder, 
which is double-acting, 1734 in. diam. and 1734 in. stroke; and it is driven at 
about 45 revs. per min. As the result of about elehy months’ experience, the 
two machines have been drying the wet grains from about 500 ew. of malt 
per day of 24 hours. i 

Roughly speaking, 8 ewt. of malt gave 4 ewt. of wet grains, and the latter 
yield 1 ewt, of dried grains; 500 cwt. of malt will therefore yield about 670 
ewt. of wet grains, or 335 cwt, per machine. The quantity of water to be 
evaporated from the wet grains is from 75% to 78% of their total weight, or 
say about 512 ewt. altogether, being 256 cwt. per machine, 


RADIATION OF HEAT, 


Radiation of heat takes place between bodies at all distances apart, and 
follows the laws for the radiation. of light. 

The heat rays proceed in straight lines, and the intensity of the rays 
radiated from any one source varies inversely as the square of their distance 
from the source. j 

This statement has heen erroneously interpreted by some writers, who 
have assumed from it that a boiler placed two feet above a fire would re- 
ceive by radiation only one fourth as much heat as if it were only one foot 
above. In the case of boiler furnaces the side walls reflect those rays that 
are received at an angle—following the law of optics, that the angle of inci- 
dence is equal to the angle of reflection,—with the result that the intensity 
of heat two feet above the fire is Fp eetealy. the same as at one foot above, 
instead of only one-fourth as much, 

The rate at which a hotter body radiates heat, and a colder body absorbs 
heat, depends upon the state of the surfaces of the bodies as wellas on their 
temperatures. Tho rate of radiation and of absorption are increased by 
darkness and rovghness of the surfaces of the bodies, and diminished by 
smoothness and polish. For this reason the covering of steam pipes and 
boilers should be smooth and of a light color; uncovered pipes and steam- 
cylinder covers should be polished. : 

The quantity of heat radiated by a body is also a measure of its heat- 
absorbing power, under the same circumstances, When a, polished body is 
struck by a ray of heat, it absorbs part of the heat and reflécts the rest. 
The reflecting power of a body is therefore the complement of its absorbing 
power, which latter is the same as its radiating power. 

The relative radiating and reflecting power of different bodies has been 
determined by experiment, as shown in the table below, but as far as quan- 
tities of heat are concerned, says Prof. arow Dudes (Johnson’s Cyclopsedia, 
art. Heat), it is doubtful whether anything further than the said relative 
determinations can, in the present state of our knowledge, be depended 
upon, the actual or absolute quantities for different temperatures being still 
uncertain, The authorities do not even agree on the relative radiating 

owers. Thus, Leslie gives for tin plate. gold, silver, and copper the figure 

2, which differs considerably from the figures in the table below, given by 
Clark, stated to be on the authority of Leslie, De La Provostaye and De- 
Sains, and. Melloni. \~ BE 5 
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Relative Radiating and Reflecting Power of Different 


Substances. 
5 Bw 
13) oo iJ) 
mee a Slike ec. 
Hes | 38 #25 | 35 
58 | 35 $55) 82 
a Rn 
mou DAY E=BoI-f @ Ay 
3 
3 <q & a < = 
Lampblack .......... 100 0 | Zine,polished........ 19 81 
WURLCD ie uccnc ree dan 100 0 Steel, polished...... 17 83 
Carbonate of lead...| 100 0 Platinum, polished..| 24 76 
Writing-paper........] 98 2 ES in sheet .. 17 83 
Ivory, jet, marble. ../93 to 98] 7to2 | Tin... ............. 15 85 
Ordinary glass.......| 90 10 Brass, cast, dead 
ACO rere eee oat oc mses 85 15 polished ..........: 11 89 
Guaimilae ee issn 08 72 28 rass, bright pol- 
Silver-leaf on glass..| 27 %3 COs os seem hates 7 93 
Cast iron, bright pol- Copper, varnished .. 14 86 
HATO cs ven cic cae Sears 25 vi) ‘* _hammered.. vd 93 
Mercury, about...... 23 7 5 95 
Wrought iron, pol- 
SHBG scene nese 23 7 3 97 


Silver, polished 
Drignt sca estes ss 3 97 


Experiments of Dr. A. M. Mayer give the following: The relative radia- 

tions from a cube of cast iron, having faces rough, as from the foundry, 

laned, “ drawfiled,” and polished, and from the same surfaces oiled, are as 
low (Prof. Thurston, in Trans. A. S. M. E., vol. xvi.): 


1 
Surface. Oiled. Dry. 


Rough.. 100 100 
Planed....... 60 82 
Drawfiled 49 20 
Rolphed 35.55 cask ele 45 18 


It here appears that the oiling of smoothly polished castings, as of cylin- 
der-heads of steam-engines, more than doubles the loss of heat by radiation, 
while it does not seriously affect rough castings. 


CONDUCTION AND CONVECTION OF HEAT, 


Conduction is the transfer of heat between two bodies or parts of a 
body which touch each other. Internal conduction takes place between the 
Parts of one continuous body, and external conduction th rough the surface 
of contact of a pair of distinct bodies. 

The rate at which conduction, whether internal or external, goes on, 
being proportional to the area of the section or surface through which it 
Ae place, may be expressed in thermal units per square foot of area per 

our 

Internal Conduction varies with the heat conductivity, which de- 
pends upon the nature of the substance, and is directly proportional to the 
difference between the temperatures of the two faces of a layer, and in- 
versely as its thickness, The reciprocal of the conductivity is called the 
tnuternal thermal resistance of the substance, If 7 represents this resistance, 
a the thickness of the layer in inches, 7’ and 7 the temperatures on the two 
faces, and q the quantity in thermal units transmitted per hour per square 
ro 7 r 

ei (Rankine.) 


Péclet gives the following values of r: 


Gold, platinum, silver........ 0.0016 MUCAA van cvenese.cnsoecaneaseestO) 0000 
Wenpetien cise cean ees -- 0.0018 | Marble.... evees 0.0716 
eo 0.0043 | Bricks; i. cc asesaccadcceteeress. Ov1500 
MUNG sso scadelaws roy onacee + scoes 0.0045 


foot of area, q= 


' 
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Relative Heat-conducting Power of Metals, 


(* Calvert & Johnson ; + Weidemann & Franz.) 
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Metals. tC. & J.tw.& F. Metals. *C.&J. tW.&F. 
Bivens «santa LODO 1000 | Cadmium....... ... 577 make 
GONG on eivndta = epee; 81 532 | Wrought iron ....,. 436 119 
Gold, with 1% of silver 840 ies py Rea ae matemies (a deen 145 
Copper, rolled ....... 736 Steel... .. .. 397 116 
Copper, cast.... ..... 811 aoe Platinum. = 84 
MICECUTY.. . 55-106 See: “Ts iain mene 
Mercury, with 1.25¢ Bivisia 

ORIN pe ER Rei ie Ae 412 85 

Aluminum... - sae Antimony : 

Zine: east horizontally.. 215 sees 
cast vertically...... 628 RBG east vertically.... 192 cow 
cast horizontally... 608 oR Bismuth.....0...--. 61 18 
TOMOH Ts. Aciete woe 641 Heald 


INFLUENCE OF A Non-METALLIC SUBSTANCE IN COMBINATION ON THE 
Conpuctine PowrR oF A METAL. 


Influence of carbon on iron: Cast copper .... ... ree sce ica 811 
Wrought iron.. ah si da’ee A400: Copper with 12 of arsenic.. 
Steele sccm ase ate ee cone eee +. 897 * with .5% of arsenic ...... 
Oastlroniey, -. tsb seeeen eee 359 tag with .25% of arsenic..... 771 


The Rate of External Conduction through the bounding surface 
between a solid body and a fluid is approximately pro ortional to the 
difference of temperature, when that is small ; but when that difference is 
considerable the rate of conduction increases faster than the simple ratio of 
that difference. (Rankine.) 

If r, as before, is the coefficient of internal thermal resistance, e and e’ the 
coefficient of external resistance of the two surfaces, x the thickness of the 
plate, and 7’ and 7 the temperatures of the two fluids in contact with the 


- T’—1 5 

two surfaces, the rate conduction is g= Page oR . According to 
me : 

Peclet, e + e’ = a+ BPD) Py’ in which the constants 4 and B have: 
the following values: 


When a metal plate has a liquid at each side of it, it appears from expert- 
ments by Peclet that B = .058,.4 = 8.8, 

The results of experiments on the evaporative power of boilers agree very 
well with the following approximate formula for the thermal resistance of 
boiler plates and tubes: 


e+e = ra: 
which gives for the rate of conduction, per square foot of surface per hour, 
. ee Ch 1 
a5 eg SEE 


This form:'a is proposed by Rankine as a rough approximation, near 
enough to the ruth for its purpose. The value of a lies between 160 and 200, 

Convection, or carrying of neat, means the transfer and diffusion of 
the heat in a fiuid mass by means of the motion of the particles of that 
mass, : 

The conduction, properly so called, of heat through a stagnant mass of 
fluid is very slow in liquids, and almost, if not w 10lly, insppreciable in 
gases. It is only by the continual circulation aud mixture of tie particles of 
the fluid thit uniformity of temperature can be maintained in the fluid 
mass, or heat transferred between the fluid mass and a solid-body 

The free circulation of each of the fluids which touch the side of a solid 
Plate is a necessary condition of the correctness of Rankiue’s formule for 
the conduction of heat through that plate; and in these formule it is im- 


470 HEAT, 


plied that the circulation of each of the fluids by currents and eddies is 
such as to prevent any considerable difference of temperature between the 
fluid particles in contact with one side of the solid plate and those at con- 
siderable distances from it. 

When heat is to be transferred by ¢onvection from one fluid to another, 
through an intervening layer of metal, the motions of the two fluid masses 
should, if possible, be in opposite directions, in order that the hottest par- 
ticles of each fluid may be in communication with the hottest particles of 
the other, and that the minimum difference of temperature between the 
adjacent particles of the two fluids may be the greatest possible. 

‘Thus, in the surface condensation of steam, by passing it through metal 
tubes immersed in a current of cold water or air, the cooling fluid should 
be made to move in the opposite direction to the condensing steam. 


Steam-pipe Coverings, 


(Experiments by Prof, Ordway, Trans. A. S. M. E., vi, 168; also Circular No. 
27 of Boston Mfrs. Mutual Fire Ins. Co., 1890.) 


It will be observed that several of the incombustible mater: 
as efficient as wool, cotton, and feathers, wi 


in the preceding table. 


Pounds of + ae Solid 3S 

Water mee Matter in 3s 

Substance 1 inch thick, Heat on ess Units : pee Eq 

i i " 5 or 

applied, 310° F, pour, para ft thick, 22 

throug F arts in | 4% 

1 sq. ft, | Minute Ai 1000, [ae 

1, Loose wool......... . 8.1 1.35 56 944 
2, Live-geese feathers 9.6 1.60 
8. Carded cotton wool 10.4 1.73 
PAMIRER TOL rags 5.4 s ad ais wasn ners ene 10.3 1,72 
5. Loose lampblack...... Relee hemes 9. 1.63 
6. Compressed lampblack.......e0es 10.6 Lng 
Ws. Corts charcodbia s.. 3.006 Sreentee A 11.9 1.98 
8. White-pine charcodl...0. .....+- 13.9 2.32 
.9, Anthracite-coal powder..... ... 35.7 5.95 
10, Loose calcined magnesia........ 12.4 2.07 
11. Compressed calcined magnesia. . 42.6 7.10 
12. Light carbonate of magnesia.... 13.7 2.28 
13. Compressed carb. of magnesia... 15.4 2.57 
14. Loose fossil-meal 14.5 2.42 
15. Crowded fossil-meal.. cic 15.7 2.62 
16, Ground chalk (Paris w. A 20.6 3.43 
17. Dry plaster of Paris...... Fs 30.9 5.15 
18. Fine asbestos........... Ae 49.0 8.17 
TO MAGE LODE 552. aie'a's. one.s a 48.0 8.00 
ROP CaNUiieserace. ok ° 62.1 10.35 
21. Best slag-wool., 13) 2.17 
PREECE ciaidid ict ige o's tie sb ape ae ee 14, 2.33 
23, Blotting-paper wound tight..... 21. 3.50 
24. Asbestos paper wound tight..... 21.7 3.62 
25. Cork strips bound On......-0000. 14.6 2.43 

26, Straw rope wound spirally...... 18, 3. 

ie LOOse Mice CHA... 6.0.2. Sasi 18.7 3.12 
28, Paste of fossil-meal with hair.... 16.7 2.78 
29, Paste of fossil-meal with asbestos 22. 3.67 
30, Loose bituminous-coal ashes ..,. 21. 3.50 
81. Loose anthracite-coal ashes..... 27. 4.50 
32. Paste of clay and vegetahle fibre 30.9 5.15 


ials are nearly 


from the danger of being carbonized or ignited by slow contact with 
or boilers are printed in Roman type. Those which are more or less 


to be carbonized are printed in italics, 


th which they may be compared 
The materials which may be considered wholly free 


Rabie 


The results Nos. 1 to 20 inclusive were from experimenss with the 
various non-conductors each used in a mass one inch thick, placed on a flat 
surface of iron kept heated by steam to 310° F, The substances Nos. 21 to 


. 
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82 were tried as coverings for two-inch steam pipe; the results being re- 
duced to the same terms as the others for convenience of comparison. 
Experiments on still air gave results which differ little from those of Nos. 
8,4, and 6, The bulk of matter in the best non-conductors is relatively too 
stuall to have any specific effect except to trap the air and keep it stagnant. 
These substances keep the air still by virtue of the roughness of their fibres 
or particles. The asbestos, No. 18, had smooth fibres. Asbestos with ex- 
ceedingly fine fibre niade a somewhat better showing, but asbestos is really 
one of the poorest non-conductors. It may be used advantageously to hold 
together other incombustible substances, but the less of it the better, A 
( “magnesia” covering, made of carbonate of magnesia with a stall per- 
centage of good asbestos fibre and containing 0,25 of solid matter, trans- 
mitted 2.5 B. T. U. per square foot per minute, and one containing 0.396 of 
solid matter transmitted 8.33 B. T. U. 

Any suitable substance which is used to prevent the escape of steam heat 
should not be less than one inch thiek. 5 

Any covering should be kept perfectly dry, for not only is water a good 
carrier of heat, but it has been found that still water conducts heat about 
eight times as rapidly as still air. 

Tests of Commercial Coverings were made by Mr. Geo. M. Brill 
and reported in Trans. A. 8. M. E., xvi. 827. A length of 60 feet of 8-inch 
steam-pipe was used in the tests, and the heat loss was determined by the 
condensation. The steam pressure was from 109 to 117 lbs. gauge, and the 
temperature of the air from 58° to 81° F. The difference between the tem- 
perature of steam and air ranged from 263° to 286°, averaging 272°, 

The following are the principal results : 


» 3 a Bu ry , os 
ta 2s ROO Be z so By 
B a 4 : : aurt 
P [88/8 lsgsel ea. BB en 
ie} fu ‘ +55 8 BS }A4 B Ss: 
iS) oa Z. |e ee 3| oS] 35 Sel 
Kind of Covering. 3 oe zs USE 382 83 Zo! 
n Bw * — 
$4|8.| “8 |FARe| suk luge] gaz 
A281 G2)PA PeSsl ole Sog | Sys 
25 -8 1) E38 Soe Sus 258 ack 
| oD priest Pan re 
= row >) ~_&l aeo ma AY Hm 
ian = in eee a ea Eo 
Bare pipe.... «| seee | .846 | 12.27] 2.706 Ter LOOs 2,819 
Magnesia.,..... 1.25 | .120 | 1.74 84 726 14.2 4 
Rock wool..... 1.60 | .080 1.16 256 766 9.5 267 
Mineral wool... 1.80 | .089 | 1.29) .285 «157 10.5 .297 
Fire-felt......... 1.30 | .157 | 2.28) .502 -689 18.6 1523 
Manville sectional , 1.70 |'.109 | 1.59} .850 737 12.9 564 
Manv, sect. & hair-felt,| 2.40 | .066 | 0.96] .212 780 7.8 221 
anville wool-cement.| 2.20 | .108 | 1.56] .345 788 12.7 859 
Champion mineralwool| 1.44 | .099 | 1.44) .317 47 11.7 3380 
Bair-felts. o .o:i:.d, cS EPR BSe eI82 1.91) .422 .714 15.6 43 
Riley cement..........] 75 | .298 | 4.32] .953 548 85.2 998 
Fossil-meal.......-.... «00 | 275 3.99} .879 571 82.5 916 


Transmission of Heat, through Solid Plates, from 
Water to Water, (Clark, S.H.).—M. Péclet found, from experiments 
made with plates of wrought iron, cast iron, copper, lead, zinc, and tin, 
that when the fluid in contact with the surface of the plate was not circu- 
lated by artificial means, the rate of conduction was the same for different 
metals and for plates of the same metal of different thicknesses. But 
when the water was thoroughly circulated over the ‘surfaces, and when 
these were perfectly clean, the quantity of transmitted heat was inversely 
proportional to the thickness, and directly as the difference in temperature 
of the two faces of the plate. When the metal surface became dull, the 
rate of transmission of heat through all the metals was very nearly the 


same. ry 

It follows, says Clark, that the absorption of heat through metal plates is 
more active whilst evaporation is in progress—when the circulation of the 
water is more active—than while the water is being heated up to the boiling 
point. 
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Transmission from Steam to Water.—M. Péclet’s principle is 
supported by the results of experiments made in 1867 by Mr. Isherwood on 
the conductivity of different metals. Cylindrical pots, 10 inches in diameter, 
2144 inches deep inside, and 1¢ inch, 14 inch, and 8g inch thick, turned and 
bored, were formed of pure copper, brass (60 copper and 40 zine), rolled 
wrought iron, and remelted cast iron. They were immersed in a steam 
bath, which was varied from 220° to 320° F. Water at 21z° was supplied to 
the pots, which were kept filled. It was ascertained that the rate of evapora- 
tion was in the direct ratio of the difference of the temperatures inside and 
outside of the pots; that is, that the rate of evaporation per degree of 
difference of temperatures was the same for all temperatures; and that the 
rate of evaporation was exactly the same for different thicknesses of the 
metal. The respective rates of conductivity of the several metals were as 
follows, expressed in weight of water evaporated from and at 212° F. per 
square foot of the interior surface of the pots per degree of difference of 
temperature per hour, together with the equivalent quantities of heat-units; 


Water at 212°, Heat-units. Ratio. 


Gopperss tee eteee.s esses, .060 1D, 642.5 1.00 
WSEAS oso venison ener eeiece 577 *S 556.8 87 
Wrought iron. Brett eden : 373.6 58 
Oastirony: 20a kee oe7 * 815.7 49 


Whitham, ‘Steam Engine Design,” p. 283, also Trans. A. S. M. E. ix, 425, in 
using these data in deriving a formula for surface condensers calls these 
figures those of perfect conductivity, and multiplies them by a coefficient 
C, which he takes at 0.323, to obtain the efficiency of condenser surface in 
ordinary use, i.e., coated with saline and greasy deposits. 

Transmission of Heat from Steam to Water through 
Coils of Iron Pipe.—H. G. C. Kopp and F. J. Meystre (Stevens Indi- 
cator, Jan., 1894), give an account of some experiments on transmission of 
heat through coils of pipe. They collate the results of earlier experiments 
as follows, for comparison: 


Cy Steam Con- Heat trans- 
3 densed per mitted per 
23 Square foot per Spire foot per 
- & egree differ- egree differ- 
3 ea ence of temper-|ence of temper- 
= ° ature per hour.| ature per hour. Remarks, 
oO be Pp 
| 3 
° D ; ° ne 4 5 
5 3 Pe | ée8}] 8s | eas 
EF a Sa Basa | B- aa: 
a 5 $5 |bas) so | 838 
o mea |mee ma | So4 
aS ee eee 
Laurens Copper coils...|  .292 981 315 974 
2 Copper coils, nee 1.20 sak 1120 
Havrez..|Copper coil...| .268 1.26 280 | 1200 
Perkins, |Iron coil...... xP Jed Slee Sohots Bleet Theeee 
“ AICP NE He fat 22. | \c-5 |) 208.2 Steam pressure 
Box..... Iron tube ube al OY, SOB 230 3 
ac ae tt 


nitial and final temperatures being accepted as the effective temperature. 

oe Arg or roe A deokine it eee hs more rapidly, thereby causing 
Surrounding the coil to become agitated and replace 

water, which allows more heat to be tranemitted. yee OY eager 
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Again, in accepting the mean temperature as thar of the condensing me- 
dium, the assumption is made that the rate of condensation is in direct pro- 
portion to the temperature of the condensing water. 

In order to correct and avoid any error arising from these assumptions 
and approximations, experiments were undertaken, in which all the condi- 
tions were constant during each test. 

The pressure was maintained uniform throughout the coil, and provision 
was made for the free outflow of the condensed steam, in order to obtain 
at all times the full efficiency of the condensing surface. The condensin 
water was continually stirred to secure uniformity of temperature, whic’ 
was regulated by means of a steam-pipe and a cold-water pipe entering the 
tank in which the coil was placed, 

The following is a condensed statement of the results ‘ 


Hear TrRANsMITTED PER SqvuaRE Foor or Coonine SurFace, PER Hour, 
PER DeGREE OF DIFFERENCE OF TEMPERATURE. (British Thermal Units.) 


j-in. Iron Pipe;] 1% in. Pipe; | 114 in. Pipe; | 1% in. Pipe; 


Pec eure Steam inside, | Steam inside, | Steam outside,| Steam inside, 
pW ater’ 60 lbs. Gauge 10 Ibs. 10 lbs, 60 lbs. 
e : Pressure. Pressure. Pressure. Pressure. 
80 265 128 200 = bed, 
100 269 130 230 239 
120 272 137 260 247 ‘ 
140 277 145 267 276 " 
160 281 158 271 306 
180 299 174 270 349 
200 313 ae 80 419 


1 re eT nT ah eh ate 
The results indicate that the heat transmitted per degree of difference of 
temperature in general increases as the temperature of the condensing 
water is increased. 

The amount transmitted is much larger with the steam on the outside of 
the coil than with the steam inside the coil. This may be explained in part by 
the fact that the condensing water when inside the coil flows over the sur- 
face of conduction very rapidly, and is more efficient for cooling than when 


-, contained in a tank outside of the coil. 


This result is in accordance with that found by Mr. Thomas Craddock, 
which indicated that the rate of cooling by transmission of heat through 
metallic surfaces was almost wholly dependent on the rate of circulation of 
the cooling medium over the surface to be cooled. 

Transmission of Heat in Condenser Tubes. (Hng’g, Dec. 
10, 1875, p. 449.).—In 1874 B. C. Nichol made experiments for determining the 
rate at which heat was transmitted through a condenser tube. The results 
went to show that the amount of heat transmitted through the walls of the 
tube per estimated degree of mean difference of temperature increased 
considerably with this difference. For example: 


Estimated mean difference of Vertical Tube. Horizontal Tube 
temperature between inside and ——-W——___, ————-»—_____, 
outside of tube, degrees Fahr. . 128 151.9 152.9 111.6 146.2 150.4 

Heat-units: transmitted per hour 

r square foot of surface per 
egree of mean diff. of temp.... 422 531 561 610 737 823 


These results seem to throw doubt upon Mr. Isherwood’s statement that 
the rate of evaporation per degree of difference of temperature is the same 
for all temperatures, 

Mr. Thomas Craddock found that water was enormously more efficient 
than air for the abstraction of heat through metallic surfaces in the process 
of cooling. He proved that the rate of cooling by transmission of heat 
through metallic surfaces depends upon the rate of cireulation of the cool- 
ing medium over the surface to be cooled. A tube filled with hot water, 
moved by rapid rotation at the rate of 59 ft. per second, through air, lost as 
much heat in one minute as it did in still airin 12 minutes. In water, at a 
velocity of 3 ft. per second, as much heat was abstracted in half a minute as 
was abstracted in one minute when it was at rest in the water. Mr, Crad- 
dock concluded, further, that the circulation of the cooling fluid became of 
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greater importance as the difference of temperature on the two sides of the 
plate became less. (Clark, R. T. D., p. 461.) : 

Heat Transmission through Cast-iron Plates Pickled in 
Nitric Acid.—Experiments by RC. Carpenter (Trans, A. 8. M. E., xii 
179) show a marked change in the conducting power of the plates (from 

dilute nitric acid. 


Pro i 
portionate 
Aasneese in Thermal Units | Rela- 
2 foe of | Zransmitted for| tive 
Character of Plates, each plate 8.4 in, 8.125 Ibs, of} C2ch Degree of Trans- 
by 5.4 in., exposed surface 27 sq. ft. |" Water Difference of {mission 
BAC Temperature per| of 
Minute, |Sauare Foot per| Heat, 


Hour. 
Cast iron—untreated skin on, but 
clean, free from rust. ............. 13.90 113.2 100.0 
Cast iron—nitric acid, 1¢ sol., 9 days.. 11.5 97.7 86.3 
es : 1% sol., 18 days. 9.7 80.08 20.7 
aS ie sf 1% sol., 40 days. 9.6 77.8 68.7 
e Ms 5% sol., 9 days... 9.93 87.@ 6.8 
ae a A 5% sol., 40 days. 10.6 77.4 68.5 
Plate of pine wood, same dimensions 
as tae plate of ast iron... 0.33: 1.9 1.6 


The effect of covering cast-iron surfaces with varnish has been investi- 
gated by P.M. Chamberlain, He Subjected the plate to the action of strong 
acid for a few hours, and then applied a non-eonducting varnish, One sur- 
face only was treated. Some of his results are as follows: 


os 170. As finished—greasy. ; 

ae 52, tf washed with benzine and dried. 

Sis 169. Oiled with lubricating oil. 

Re é ~* | 162. ee to nitrie acid sixteen hours, then oiled (lin- 
ope seed oil. 

gre | { 166 After exposure to hydrochloric acid twelve hours, then oiled 

E Beat (linseed oil.) 

Suc 113. ) after exposure to sulphuric acid 1, water 2, for 48 hours, 
as 

5 117. | then oiled, varnished, and allowed to dry for 24 hours. 


Transmission of Heat through Solid Plates from Air 
or other Dry Gases to Water, (From Clark on the Steam Engine.) 
ssion of heat from hot air ar other gases to water, 
through metallic plates, has not been exactly determined by experiment. 
The general results of experiments on the evaporative action of different 
Portions of the heating surface of a steam-boiler point to the general law 
erence of temperature 

is practically uniform for various differences of temperature. 
The communication of heat from the gas to the plate surface is much 
accelerated by mechanical impingement of the gaseous products upon the 


Clark says that when the surfaces are perfectly clean, the rate of trans- 
mission of heat through plates of metal from air or gas to water is greater 


water, Mr. Napier made experiments with small boilers of iron an copper 
placed over a gas-flame, The vessels were 5 inches in diameter and 2% 
inches deep. From three vessels, one of iron, one of copper, and one of iron 
Sides and copper bottom, each of them 1/30 inch in thickness, equal quanti- 
ties of water were evaporated to dryness, in the times as follows ; 
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Water. Tron Vessel. Copper Vessel, 2702 andl Copper. 
4 ounces 19 minutes 18.5 minutes ean 
11 as 3s - 30.75 oS aati 
5 50 44 “ tae 
4 ae 85.7 * ee 36.83 minutes. 


Two other vessels of iron sides 1/20 inch thick, one having a ¥4-inch copper 
oottom and the other a 14-inch lead bottom, were tested against the iron 
and copper vessel, 1/30 ines thick. Equal quantities of water were evapo- 
rated in 54, 55, and 5814 minutes respectively, Taken generally, the results 
of these experiments show that there are practically but slight differences 
between iron, copper, and lead in evaporative activity, and that the activity 


» is not affected by the thickness of the bottom. 


Mr. W. B, Johnson formed a like conclusion from the results of his obser- 
vations of two boilers of 160 horse-power each, made exactly alike, ex- 
cept that one had iron flue-tubes and the other copper flue-tubes. No dif- 
ference could be detected between the performances of these boilers. 

Divergencies between the results of different experimenters are attribut- 
able probably to the difference of conditions under which the heat was 
transmitted, as between water or steam and water, and between gaseous 
matter and water. On one point the divergence is extreme: the rate of 
transmission of heat per degree of difference of temperature. Whilst from 
400 to 600 units of heat are transmitted from water to water through iron 
pele, per degree of difference per square foot per hour, the quantity of 
neat transmitted between water and air, or other dry gas, is only about 
from 2 to 5 units, according as the surrounding air is at rest or in movement. 
In a locomotive boiler, where radiant heat was brought into play, 17 units 
of heat were transmitted through the plates of the fire-box per degree of 
difference of temperature per square foot per hour. 

Transmission of Heat throu: Plates and Tubes from 
Steam or Hot Water to Air.—'The transfer of heat from steam or 
water through a plate or tube into the surrounding air is a complex opera- 
tion, in which the internal and external conductivity of the metal, the radi- 
ating power of the surface, and the convection of heat in the surrounding 
air are allconcerned. Since the quantity of heat radiated from a surface 
varies with the condition of the surtace and with the surroundings, according 
to laws not yet determined, and since the heat carried away by convection 
varies with the rate of the flow of the air over the surface, it is evident that 
no Roe law can be laid down for the total quantity of heat emitted. 

The following is condensed from an article on Loss of Heat from Steam- 
pipes, in The Locomotive, Sept. and Oct., 1892. 

A hot steam-pipe is radiating heat constantly off into space, but at the 
same time it is cooling also by convection. Experimental data on which to 
base calculations of the heat radiated and otherwise lost by steam-pipes are 
neither numerous nor satisfactory. 

In Box’s Practical Treatise on Heat a number of results are given for the 
amount of heat radiated by different substances when the temperature of 
the air is 1° Fahr. lower than the temperature of the radiating body. A 
portion of this table is given below. It is said to be based on Péclet’s ex- 
periments, 


Hear Units RapiaTep PER Hour, per Square Foor oF SURFACE, FOR 
1° FAHRENHEIT EXCESS IN TEMPERATURE. 


Copper, polished ............... .0327 | Sheet-iron, ordinary......... +e. .5662 
Tin, polished’ ........... oa oe 0440) | HT AIRA Go i ae hin ce a a eee ye Ode 
Zinc and brass, polished «- 0491 | Cast iron, new............-.--+. .6480 
Tinned iron, polished........... . .0858 | Common steam-pipe, inferred.. .6400 
Sheet-iron, polished --.......... .0920 | Cast and sheet iron, rusted ...,. .6868 
Sheet lead .............. ++seee-. 1829 | Wood, building stone, and brick .7358 


When the temperature of the air is about 50° or 60° Fahr., and the radiat- 
ing body is not more than about 30° hotter than the air, we may calculate 
the radiation of a given surface by assuming the amount of heat given off 
by it in a given time to be proportional to the difference in temperature be- 
tween the radiating body and the air. This is “* Newton’s law of cooling.” 
But when the difference in temperature is great, Newton’s law does not hold 
good; the radiation is no longer proportional to the difference in tempera- 
ture, but must be calculated by a complex formula established experiment. 
ally by Dulong and Petit. Box has computed a table from this formula, 
which greatly facilitates its application, and which is given below ; i 
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Factors For Repuction To Dutone’s Law or Rapiation, 
a 


Differences in Tem- 


Temperature of the Air on the Fahrenheit Scale. 


perature between 
Radiating Body j | { 
and the Air. 2° | 50° | 59° | 68° | 86° |104°)122°/ 140°] 158°|176°|194°/212° 
ioe a oe in Ft 
Deg. Fahr. 

18 1.00)1.07/1.12)1.16)1.25/1.36)1.47/1 .58|1.70}1.85/1.9912.15 

36 1.03/1 ,08/1.16/1.21)1.30/1.40)1.52|1.68]1.76)191/2.06|2.23 

54 1.07/1.16/1.20/1.25/1.25|1 45/1 .58|1.70|1.83]1.99'2.14/2.31 

72 1.12)/1.20/1.25}1.30/1 .40]1 52 1.64|1.76]1.90|2.07/2.23/2.40 

9. 1.16|1.25/1.31}1.36/1 .46|1.58|1.71|1.84]1.98|2.15/2. 33/051 

108 1.21]1.31)1.36)1.42|1 -52|1.65|1.78|1.92|2.07|2.28/2. 4212 62 

126 1.26|1.36/1.42/1.48)1 50/1 .72!1 86/2 00|2.16|2.34/2.52/2.72 

144 1.32)1-4211-48 1.54/1.65/1.79|1.94/2.08]2. 94/0 44/9 6412 93 

162 1.87|1.48/1.54|1.60/1.73)1.86/2.02/2.17/2.34|2 542.74/2 96 

180 1.44/1.55/1.61/1 .68/1.81/1.95)2.11|2. 272. 46|2 66/2.87|3.10 

198 1.50/1.62)1.69/1.75/1 .89|2.04/2.21/2.38)2.56|2 78|3.00/3.24 

216 1.58/1.69/1.76/1.83/1.97|2.13'2 32/2 48|2.68/2 91 3.13/3.38 

234 1.64/1.77)1.84/1.90/2.06/2.28|2 43/2. 52/2 80/3 03 3.25|3.46 
252 1.71)1.85/1.92/2.00 2.15/2.33/2 52/2.71|2.92/3.18'3_ 4313.70 

270 1.79)1.93 2.01 2.09|2.22\2_ 44/2. 64/2. 84/3.06/3.32 3.58|3.87 

288 1.89|2.03|2.12/2_20/2.37)2.56/2.78|2. 993.2213 50\3. 7714.07 

306 1.98|2.13|2.22)2.31|2.49|2_69)2.90|3.12|3.37/3.66/3.95|4.26 

324 2.07|2.23/2.33/2.42|2.62|2.81/3_04|3.28 3.53)3.84 4.14/4.46 

342 2.17|2.34)2.4412 54 2.73)2 9513.19 3.44/3.70/4.02'4.34|4 68 

360 2-212. 4512.56 2.66/2.86/3.09|3 35/3. 60/3.88|4.92'4.55}4.91 

378 2.39|2.5712.68 2.79/3.00|3.2413.51 3.78|4.08/4.42)4.77/5.15 

306 2.50/2.70)2.81|2.93/3.15|3.40/8.68/3.97|4.28|4 64'5.01/5.40 

414 2.63/2.84/2.95)3.07 3.31/3_51/3.87|4.12|4.48|4_87|5.26|5.67 

432 Eig ees ol 3.23/8.47)3.76/4.10 4.32)4.61 5.12 5.38 6.04 


The loss of heat by convection a 
the surface, that is, it is the same 
It is different for bodies of differe: 

ition of the body. 

y convection as a horizontal one will 
will rise along the surface of t! 
some extent from the chillin 
similar reason the shape of 2 


of the vertical pipe 


those 


Thus a vertical 


ac 


$od 


y has an impo. 
ies losing most heat whose forms are 


free access to every part of their surface. 


; for the air h 


pears to be independent of the nature of 
for iron, stone, wood, and other materials, 
mt shape, however, and it varies with the 
steamn-pipe will not lose so much heat 
eated at the lower part 
he pipe, protecting it to 
tion of the surrounding cooler air. For a 
rtant influence on the result, 
such as to allow the cool air 


The following table from Box 
gives the number of heat units that horizontal cylinders or pipes lose by 
convection per square foot of surface per hour, for one degree difference in 
temperature between the pipe and the air. 
Heat Units Lost sy Convection From HorizonTan PIres, PER SQUARE 
Foot oF SuRFAcE per Hour, ror a TEMPERATURE 
NCE OF 1° Faun. 


External External 
Diameter of |Heat Units} Diameter |Heat Uni 
Pipe Lost. f Pi £. 
in inches. 
2 % 0.509 
3 0.626 8 0.498 
4 0.574 9 0.489 
5 0.544 10 0.482 
6 0.523 2 0.472 


The loss of heat by convection is nearly proportional to the difference in 


temperature between the hot body and the air; but the experiments of 


=F 
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SOT ts 2 con ae ee amis Sane ea eee here also 
resort to 8 table of factors for correcting the results ol by simple 


Facrozs For Repcctios To Dunose’s Law or CoNvEcTioy. 


ck of engin of steamnpipe 2 11/38 
oe ae oe 
perature of the air in the 


Sa aaa eure Ga temperature difference 


= 3T- 8S = BS 
‘Area of one foot length of steam-pipe — 211/22 X 3.1416 + 12 = 0.614 sq. 


ae eee degree of difference, from 
Q 


loss hour by Newton’s law — 239° x .614 ft. x .64 = 939 
heat units. Same reduced toconform with Dulong’s law of radiation: factor 
in wait mee Do diatom 


waits hour. Loss meee Uf dienes a € tetizictaters ier Maca 

foot of pipe hour = re Sega ofdiferees of on 2.433 per sq. ft. 

at aoe imed, Says The Locomotive, that the results obtained by this 
method of calculation are siritily accurate. The experimental data are not 

Sufficient to allow us to compute the heat-loss from st with any 

Ee ee ee Yet if is believed that the eaten 
See eee re Op Samicensly near the trnth Tox most 


grammes hour, which is equivalen piper yeep ge 
las : or wikis ket a cas per cent of that given by the above calcula- 


According to different authorities, the quantity of heat given off by steam 
and hot-water rsdistors im ordinary practice of f heating of buildings by 
Girect radiation varies veces from 18 to about 3 heat units per hour per square 
foot ber degree of difference of temperature. 

The lowest “paper Om" Americas Practica i Wh neat 
Briggs in his “American Practice in 
Steam ™ ions. ck. = =. hous tmp "Each 100 on ft. of 
surface will give off 3 Fake minute for each degree F. of if- 
ference in temperature between Satlacen the sehceser rare and the air in which 


The ogan, and S601 ore ee ne eanactaring Com: 

ony one meseaenae BS read lagirvren RE! 
erence in pres steam- ing, 

say 212° — 7° = 1 F., 1 Ib. steam condensed fram 215° to water at as 


478 ape he HEAT. 


same temperature gives up 965.7 heat units. A loss of 2 heat units per sq. 
ft, per hour per degree of difference, under these conditions, is e uivalent 
to 2 X 142-- 965 = 0.3 lbs. of steam condensed per hour per sq. ft. of heating 


‘surface. (See also Heating and Ventilation.) 


Transmission of Heat through Walls, etc., of Buildings 
(Nason Manufacturing Co.), (See also Heating and Ventilation.)—Heat 
has the remarkable property of passing through moderate thicknesses of air 
and gases without appreciable loss, so that air is not warmed by radiant 
heat, but by contact with surfaces that have absorbed the radiation. 


Powers OF DIFFERENT SUBSTANCES FOR TRANSMITTING HEAT. 


Window-glass ........... Bricks, rough..... heseak 200 to 250 
Oak or walnut.. Bricks, whitewashed.... 200 
White pine ...... 3 Granite or slate.. ....... 250 
Pitch-pine...... Sheet iron....,.-5.....65 1030 to 1110 
Lath or plaster 


A square foot of glass will cool 1.279 cubic feet of air from the tempera- 
ture inside to that outside per minute, and outside wall surface is generally 
estimated at one fifth of the rate of glass in cooling effect. 

Box, in his ‘‘ Practical Treatise on Heat,” gives a table of the conducting 
powers of materials prepared from the experiments of Péclet. It gives the 
quantity of heat in units transmitted per square foot per hour by a plate 1 
inch in thickness, the two surfaces differing in temperature 1 degree: 


Fine-grained gray marble. ..............ceeeee0: os -«- 28.00 


Coarse-grained white marble.,................ maeatees 22.4 
Stone, Calcarcoug, NE) c) ys cs: vs cn ede sioner cecubcemeaeaes 16.7 
Stone, calcareous, Ordinary. .........cevececcccccceceess 13.68 
Baked clay, brickwork ............2.+2+0¢ Wie am eibtetslaore diets 4.83 
Drick-dust, Sifted. coast see eases Waves Pace en a etnce 1.88 


Hood, in his ‘‘ Warming and Ventilating of Buildings,” p. 249, gives the 
results of M. Depretz, which, placing the conducting power of marble at 1.00, 
give .483 as the value for firebrick. 


THERMODYNAMICS. 


Thermodynamics, the science of heat considered as a form of 
energy, is useful in advanced studies of the theory of steam, gas, and air 
engines, refrigerating machines, compressed air, ete. The method of treat- 
ment adopted by the standard writers is severely mathematical, involving 
constant application of the calculus. The student will find the subject 
thorougly treated in the recent works by Rontgen (Dubois’s translation), 
Wood, and Peabody. 

First Law of Thermodynamics.—Heat and mechanical energy 
are mutually convertible in the ratio of about 778 foot-pounds for the British 
thermal unit. (Wood.) Heat is the living force or vis viva due to certain 
molecular motions of the molecules of bodies, and this living force may be 
stated or measured in units of heat or in foot-pounds, a unit of heat in 
British measures being equivalent to 772 [778] foot-pounds. (Trowbridge, 
Trans. A. 8. M. E., vii. 727.) 

Second Law of Thermodynamics.—The second law has by dif- 
ferent writers been stated in a variety of ways, and apparently with ideas 
So diverse as not to cover a common principle. (Wood, Therm., p. 389.) 

it is impossible for a self-acting machine, unaided by any external agency. 
to ha heat from one body to another at a higher temperature. (Clau- 
sius.. 

If all the heat absorbed be at one temperature, and that rejected be at 
one lower temperature, then will the heat which is transmuted into work be 
to the entire heat absorbed in the same ratio as the difference between the 
absolute temperature of the source and refrigerator is to the absolute tem- 
perature of the source. In other words, the second law is an expression for 
the efficiency of the perfect elementary engine. (Wood.) 

The living force, or vis viva, of a body (called heat) is always proportional 


* to the absolute temperature of the body. (Trowbridge.) 


The expression Qi = cS es may be called the symbolical or al- 


gebraic enunciation of. the second law,—the law which limits the efficiency 
of heat engines, and which does not depend on the nature of the working 
medium employed. (Trowbridge.) @, and 7, = quantity and absolute 
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temperature of the heat received, Q, and Ty = quantity and absolute tem- 
perature of the heat rejected. 


The expression ee represents the efficiency of a perfect heat engine 
1 
which receives all its heat at the absolute temperature T;, and rejects heat 
at the temperature 7;, converting into work the difference between the 
quantity received and rejected. 

ExamPLe.—What is the efficiency of a perfect heat engine which receives 
heat at 388° F. (the temperature of steam of 200 Ibs. gauge pressure) and 
rejects heat at 100° F. (temperature of a condenser, pressure 1 Ib. above 
vacuum). 


388 + 459.2— (100-4 450.2) _ 
388 +f 459.2 Sr enieeers 


In the actual engine this efficiency can never be attained, for the difference 
between the quantity of heat received into the cylinder and that rejected 
into the condenser is not all converted into work, much of it being lost by 
radiation, leakage, ete. In the steam engine the phenomenon of cylinder 
condensation also tends to reduce the efficiency. 


PHYSICAL PROPERTIES OF GASES. 


(Additional matter on this subject will be found under Heat, Air, Gas, and 
Steam.) 


When a mass of gas is enclosed in a vessel it exerts a pressure against the 
walls. This pressure is uniform on every square inch of the surface of the 
reetel; also, at any point in the fluid mass the pressure is the same in every 

irection. 

In small vessels containining gases the increase of pressure due to weight 
may be neglected, since all gases are very light; but where liquids are con- 
cerned, the increase in pressure due to their weight must always: be taken 
into account. 

Expansion of Gases, Marriotte’s Law.—The volume of a gas 


. diminishes in the same ratio as the pressure upon it is increased, 


This law is by experiment found to be very nearly true for all gases, and 
is known as Boyle’s or Mariotte’s law. 
If p = pressure at a volume v, and p, = pressure at a volume Vy, P1V, = 


Vv 
PU; Pi = 7 Pi pU= a constant. 


eo constant, C, varies with the temperature, everything else remaining 
e same. 

Air compressed by a pressure of seventy-five atmospheres has a volume 
about 2% less than that computed from Boyle’s law, but this is the greatest 
divergence that is found below 160 atmospheres pressure. 

Law of Charles,—The volume of a perfect gas at a constant pressure 
is proportional to its absolute temperature. If v be the volume of a gas 
et Bae F., and v; the volume at any other temperature, ¢,, then < 


: _ (tr $459.2). és t, — 32° 
& = vo 4912 73 m= (+ 491.2 7% 


or v,=[1 ++ 0.002036(¢, — 382°)]uo. 
' Tf the pressure also change from pp to p,, 
= ygPo( tat 450.2 
or vabe( 491.2 7° 


The Densities of the elementary gases are simply proportional to 
their atomic weights. The density of a compound gas, referred to h drogen 
wae S Gay aes its molecular weight; thus the relative density of CO, is 

2 a) = ee 
Pi cigadvo's Law.—Equal volumes of all gases, under the same con- 
ditions of temperature and pressure, contain the same number of molecules, 

To find the weight of a gas in pounds per cubic foot at 32° F., multiply half 
the molecular weight of the gas by .00559. Thus 1 cu. ft, marsh-gas, CH,, 


= 4(12 + 4) x .00559 = .0447 Ib, 
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When a certain volume of hydrogen combines with one half its volume of 
oxygen, there is produced an amount of water vapor which will occupy the 
same volume as that which was occupied by the hydrogen gas when at the 
same temperature and pressure. 3 

Saturation-point of Vapors.—aA vapor that is not near the satura- 
tion-point behaves like a gas under changes of temperature and pressure; 
but if it is sufficiently compressed or cooled, it reaches a point where it be- 
gins to condense: it then no longer obeys the same laws as a gas, but its 
pressure cannot be increased by diminishing the size of the vessel containing 
it, but remains constant, except when the temperature is changed. The 
only gas that can prevent a liquid evaporating seems to be its own vapor. 

Dalton’s Law of Gaseous Pressures.—Every portion of a mass 
of gas inclosed in a vessel contributes to the pressure against the sides of 
the vessel the same amount that it would have exerted by itself had no 
other gas been present. 

ixtures of Vapors and Gases,—The pressure exerted against 
the interior of a vessel by a given quantity of a perfect gas enclosed in it 
is the sum of the pressures which any number of parts into which such quan- 
tity might be divided would exert separately, if each were enclosed in a 
vessel of the same bulk alone, at the same temperature. Although this law 
is not exactly true for any actual gas, it is very nearly true for many. Thus 
if 0.080728 lb. of air at 32° F., being enclosed in a vessel of one cubic foot 
capacity, exerts a pressure of one atmosphere or 14.7 pouuds, on each square 
inch of the interior of the vessel, then will each additional 0.080728 Ib. of air 
which is enclosed, at 82°, in the same vessel, produce very nearly an addi- 
tional atmosphere of pressure. The same law is applicable to mixtures of 
gases of different kinds. For example, 0,12344 Ib. of carbonic-acid gas, at 
32°, being enclosed in a vessel of one cubic foot in capacity, exerts a pressure 
of one atmosphere; consequently, if 0.080728 Ib. of air and 0.12344 Ib. of 
carbonic acid, mixed, be enclosed at the temperature of 32°, in a vessel of 
one cubic foot of capacity, the mixture will exert a pressure of two.atmos: 
pheres. As asecond example: Let 0.080728 lb. of air, at 212°, be enclosed in 
a vessel of one cubic foot; it will exert a pressure of 
212 + 459.2 
82 + 459.2 

Let 0.03797 Ib. of steam, at 212°, be enclosed in a vessel of one cubic foot; it 
will exert a pressure of one atmosphere. Consequently, if 0.080728 lb. of air 
and 0.03797 Ib, of steam be mixed and enclosed together, at 212°, in a vessel of 
one cubic foot, the mixture will exert a pressure of 2.366 atmospheres. It is 
a common but erroneous practice, in elementary books on epee: to de. 
scribe this law as constituting a difference between mixed an homogeneous 
gases; whereas it is obvious that for mixed and homogeneous gases the law 
of pressure is exactly the same, viz., that the pressure of the whole of & 
gaseous mass is the sum of the pressures of allits parts ‘This is one of the 
laws of mixture of gases and vapors. 

A second law is that the presence of a foreign gaseous substance in con. 
tact with the surface of a solid or liquid does not affect the density of the 
vapor of that solid or liquid unless there is a tendency to chemical com. 
bination between the two substances, in which case the density of the 
vapor is slightly increased. (Rankine, S. E., p. 239.) 

Flow of Gases.—By the principle of the conservation of energy, it may 
be shown that the velocity with which a gas under pressure will escape into 
a vacuum is inversely proportional to the square root of its density; that is, 
oxygen, which is sixteen times as heavy as hydrogen, would, under exactly 
the same circumstances, escape through an opening only one fourth as fast 
as the latter gas. 

Absorption of Gases by Liquids.—Many gases are readily ab- 
sorbed by water. Other liquids also possess this power in a greater or less 
degree. Water will for example, absorb its own volume of carbonic-acid 
gas, 430 tinies its volume of ammonia, 24% times its volume of chlorine, and 
only about 1/20 of its volume of oxygen. 

The weight of gas that is absorbed by a given volume of liquid is propor- 
tional to the pressure. But as the volume of a mass of gas is less as the 
pressure is greater, the volume which a given amount of liquid can absorb 
at a certain temperature will be constant, whatever the pressure, Water, 
for example, can absorb its own volume of carbonic-acid gas at atmospherie 
pressure; it will also dissolve its own volume if the pressure is twice as 
great, but in that case the gas will be twice as dense, and consequently twice 
the weight of gas is dissolved. 5 


= 1.366 atmospheres. 
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Properties of Air.—Air is a mechanical mixture of the gases oxygen 
and nitrogen; 20.7 parts O and 79.3 parts N by volume, 23 parts O and 77 parts 
N by weight. r 

The weight of pure air at 32° F, and a barometric pressure of 29.92 inches 
of mercury, or 14.6963 lbs, per sq. in., or 2116.3 Ibs. per sq. ft., is .080728 Ib. per 
cubic foot. Volume of 1 Ib. = 12,387 cu. ft. At any other temperature and 


barometric pressure its weight in lbs. per cubic foot is W = mee 
where B = height of the barometer, 7= temperature Fahr., and 1.3253 = 
weight in Ibs. of 459.2 c. ft. of air at 0° F. and one inch barometric pressure. 
Air expands 1/491.2 of its volume at 32° F, for every increase of 1° F., and 
its volume varies inversely as the pressure, 


Volume, Density, and Pressure of Air at Various 
emperatures, (D. K. Clark.) 


Volume at Atmos. Pressure at Constant 
Pressure, Density, lbs. Volume, 
per Cubic Foot at ee 
¥ahr. Atmos. Pressure. 
Cubic Feet | Compara- Lbs. per | Compara- 
in 1 lb. tive Vol. Sq. In. | tive Pres. 
0 11.583 881 086331 12.96 881 
32 12.387 +943 -080728 13.86 943 
40 12.586 958 079439 14.08 958 
50 12.840 977 077884 14.36 977 
62 13.141 ils 076097 14.70 1,000 
70 13.342 1.015 074950 14,92 1.015 
80 13.593 1.034 073565 15.21 1.034 
13.845 1.054 072230 15.49 1.054 
100 14.096 1.073 070942 16.7 1.073 
110 14,344 1.092 069721 16.05 1.092 
120 14.592 1.111 068500 16.33 1.111 
130 14.846 1.130 -067361 16.61 4.180 
140 15.100 1.149 066221 16.89 1.149 
150 15.351 1.168 065155 17.19 1.168 
160 15.603 1.187 -064088 17.50 1,187 
170 15.854 1.206, 063089 17.76 
180 16.106 1.226 062090 18.02 1.226 
200 16.606 -060210 18.58 1.264 
210 16.860 283 059313 18.86 1.283 
R12 16.910 1.287 059135 18.92 1.287 


The Air-manometer consists of a long vertical glass tube, closed at 
the upper end, open at the lower end, containing air, provided with a scale, 
and immersed, along with a thermometer, in a transparent liquid, such as 
water or oil, contained in a strong cylinder of glass, which communicates 
with the vessel in which the pressure is to be ascertained. The scale shows 
the volume occupied by the air in the tube, 

Let vp be that volume, at the temperature of 32° Fahrenheit, and mean 
pressure of the atmosphere, po; let v, be the volume of the air at the tem- 
perature ¢, and under the absolute pressure to be measured p,; ; then a 


_.(t + 459.2°)p909 
1 491.29 0, 
Pressure of the Atmosphere at Different Altitudes, 


At the sea-level the pressure of the air is 14.7 pounds per square inch: at 
34 of a mile above the sea-level it is 14.02 pounds; at mile, 13,33; at 34 
nile, 12.66; at 1 mile, 12.02; at 114 mile, 11.42; at 134 mile, 10.88; and ats 
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miles, 9.80 pounds per square inch. For a rough approximation we may 
assume that the pressure decreases 44 pound per square inch for every 100¢ 
feet of ascent, 

It is calculated that at a height of about 314 miles above the sea-level the 
weight of a cubic foot of air is only one half what it is at the surface of the 
earth, at seven miles only one fourth, at fourteen miles only one sixteenth, 
av twenty-one miles only ons sixty-fourth, and at a height of over forty- 
five miles it becomes so attenuated as to have no appreciable weight. 

The pressure of the atmosphere increases with the depth of shafts, equal 
to about one inch rise in the barometer for each 900 feet increase in depth: 
ae, be taken as a rough-and-ready rule for ascertaining the depth of 
shafts, 


Pressure of the Atmosphere per Square Inch and per 
Square Foot at Various Readings of the Barometer, 
RuLe.—Barometer in inches x .4908 = pressure per square inch; pressure 
per square inch x 144 = pressure per square foot. 


Barometer, | Pressure | Pressure Barometer, | Pressure | Pressure 


per Sq. In, | per Sq. Ft, per Sq. In.| per Sq. Ft. 

in lbs. lbs.* in Ibs. Ibs.* 
28 13.74 1978 29.75 14.60 2102 
28.25 13.86 1995 30.00 14.7 2119 
28.50 13.98 2018 30.25 14.84 2136 
28.75 14.11 2031 30.50 14.96 2154 
29.00 14.23 2049 30.75 15.09 2172 
29.25 14.35 2066 31.00 15.21 2190 
29.50 14.47 2083 


* Decimals omitted. 
For lower pressures see table of the Properties of Steam. 
Barometric Readings corresponding with Different 
Altitudes, in French and English Measures. 


ite pee Hesgue a it y Headey 
i- | ingo fo) ti- fo) . ro) 

tude. |Parom-| Altitude.) parom- } tude. | Barom- | Altitude. Barom- 
eter. eter. eter, eter. 

meters.| mm. feet. inches. J meters.| mm. feet. inches. 
0 762 0. 30. 1147 660 3763.2 25.98 

21 760 68.9 29.92 1269 650 4163.3 25.59 
127 750 416.7 29.52 1393 640 4568.3 25.19 
234 740 767.7 29.13 1519 630 4983.1 24.80 
342 730 1122.1 28.74 1647 620 5403.2 24.41 
453 720 1486.2 28.35 1777 610 5830.2 24.01 
564 710 1850.4 27.95 1909 600 6243 23.62 
678 700 2224.5 27.55 2043 590 6702.9 23.22 
793 690 2599.7 27.16 2180 580 7152.4 22.83 
909 680 2962.1 26.°7 2318 570 7605.1 22.44 
1027 670 8369.5 26.38 2460 560 8071. 22.04 


Levelling by the Barometer and by Boiling Water. 
(Trautwine.)—Many circumstances combine to render the results of this 
kind of levelling unreliable where great accuracy is required. It is difficult 
to read off from an aneroid (the kind of barometer usually employed for 
engineering purposes) to within from two-+to five or six feet, depending on 
its size. The moisture or dryness of the air affects the results; also winds, 
the vicinity of mountains, and the daily atmospheric tides, which cause 
incessant and irregular fluctuations in the barometer. A barometer hang- 
ing quietly in a room will often vary 1/4 of an inch within a few hours, cor- 
responding to a difference of elevation of nearly 100 feet. No formula cap 
possibly be devised that shall embrace these sources of error, 
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To Find the Difference in Altitude of Two Places.—Take 
from the table the altitudes opposite to the two boiling temperatures, or to 
the two barometer readings. Subtract the one opposite the lower reading 
from that opposite the upper reading. The remainder will be the required 
height, as a rough approximation. To correct this, add together the two 
thermometer readings, and divide the sum by 2, for their mean. From 
table of corrections for temperature, take out the number under this mean, 
Multiply the approximate height just found by this number. 

At 70°F, pure water will boil at 1° less of temperature for an average of 
about 550 feet of elevation above sea-level, up toa height of 1/2a mile. At 
the height of 1 mile, 1° of boiling temperature will correspond to about 560 
feet of elevation. In the table the mean of the temperatures at the two 
stations is assumed to be 32°F,, at which no correction for temperature is 
necessary in using the table. 


SS a a= Tarr 
' 2 . Dv i} A . n 2.9 ‘ ab i . os 
#234] ba (ESe12e2e| G2 [eS e|e224] E- [BEES 
So gl 3 See aocS Shale oi fseany bait &| BR jsag2 
aa | a 4°3 a = | a 47o" ia 2) a a3 
rex | 16.79 | 15,901 | 196 | e171 | 8481 | 208 | evzs | 2,008 
185 | 17.16 | 14,649 | 197 22.17 | 7932 ff 208.5 | 28.00 | 1,809 
186 | 17.54 | 14,075 f 198 22.64 | 7,381 9 98.99 | 1,589 
187 | 17.93 | 13,498 f| 199 23.11 | 6.843 | 209.5°| 28.5 1,290 
1 18.32 9 200 28.59 | 6.304 | 210 28.85 | 1,025 
189 | 18,72 | 12,367 # 201 24.08 | 5.764 ff 210.5 | 29.15 754 
190 | 19.13 | 11,799 9} 202 24.58 | 5,225 f 211 29.42 512 
191 | 19.54 | 11,243 f 203 25.08 | 4,697 f 211.5 | 29.71 5 
192 | 19.96 | 10,685 | 204 25.59 | 4,169 | 212 30.00 |S.L.=0 
193 | 20.39 | 10,127 | 205 26.11 | 3,642 f 2125 | 30.30 | —26 
194 | 20.82 | 9.579 | 206 26.64 | 3,115 9 218 30.59 | —5i1 
195 | 21.26 | 9,031 § 207 27.18 | 2,589 
CORRECTIONS FOR TEMPERATURE. 
Mean temp. F. in shade. 0| 10°) 20°] 30°] 40° | 50° | 60°] 70° /80° 90° | 100° 
Multiply by -933 |.954|.975].996]1.016|1.036]1.058|1.079]1.100]1.121|1.142 


Moisture in the Atmosphere.—Atmospheric air always contains 
a small quantity of carbonic acid (see Ventilation, p. 528) and a varying 
quantity of aqueous vapor or moisture. The relative humidity of the air at 
any time is the percentage of moisture contained in it as compared with the 
amount it is capable of holding at the same temperature. 

The degree of saturation or relative humidity of the air is determined by 
the use of the dry and wet bulb thermometer. The degree of saturation for 
a number of different readings of the thermometer is given in the following 
table, condensed from the Hygrometric Tables of the U. S, Weather Bureau: 


ReELative Humipity, Per Cen, 


Difference between the Dry and Wet Thermometers, Deg. F. 


5 


3}14 18/19/20) 21/22/23 


-_ 


al 4 03 6 9:9 


sh 17 


of 26 


=| 30 


mometer, 
Deg. F, 


Dry Ther- 


Relative Humidity, Saturation being 100. (Barometer = 20 ins.) 


32 |89/79|69|/59/49/39/30/20)11] 2 
40 |92/83}75|68) 60/52) 45/37/29}23|15) 7] 0 

50 |93/87|80)74/67/61/55/49| 43/38/32|27/21|16/11] 5] 0 

60 /94)89}83/ 78/73) 68/63|58/53/48)43/39|34/80/26 21/17/18] 9} 5} 1 
70 |95}90/86|81)77| 72) 68)64)59/55|51|48/ 44! 40/36 33 /29]25)22/19]15 
80 |96/91/87/83|79|75|72/68|64]/61 57|54/50)47/44 41 /38/35/82|29)26 2: 12 

90 —|96)92}S9)85/81/78}74|71|68) 65/61|58)55!52/49 47/44|41|39136/34 31 22 

100 /96}93/89}86/83/80) 77/73] 70| 68/65) 62| 59/56/54 '51/49146' 44/41/39 37/35] 33/28} 24/21 
110 |97}93/90/87|84/81|78}75| 73} 70/67 | 65|62|60]57'55/52150/48146/44 42 34 

120 /97/94)91)88|85|82|80/77|74|72|69|67|65|62|60 58|55|53/51|49/4 
140 _|97|95|92|89}87|84/82| 79/77 |75173|70| 68! 66)64 62/60 '58'56154/5 


Pops ise 
ok 
Sore 
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Weights of Air, Vapor of Water, and Saturated Mixtures 
of Air and Vapor at Different Temperatures, under 
the Ordinary Atmospheric Pressure of 29.921 
inches of Mercury. 


38 oe Mrxtures oF AIR SATURATED WITH VAPOR. 
ko o. 
Lg a 
Zee | sb __ | Weight of Cubic Foot of the 
ge= | FS | Elastic | Mixture of Air and Vapor. | weicht 
> DAG S& | Force of 3 
2 oO a ® nerd ce) 
53 aS5 Seb ee Vapor 
go wks Ba Mixture : mixed 
a4 ogs f° jofAirand) w,;,), | Weight | Total | ia tip 
go Spee o 2% | Vapor, @ | ofthe | W’ght of} Ge air 
Sa wa 8 $a Inches of] ai, jpg, | Vapor, |Mixture, | ounas 
o8 Oud @g |Mercury. 2 *98- | pounds. | pounds. | P' . 
AR BO i=) BH 
<>] 
o° 0864 044 | 29.87 -0863 -000079 -086379 -00092 
12 .0842 074 | 29.849 .0840 -000130 -084130 00155 
22 0824 118 | 29.803 0821 -000202 082302 00245 
32 0807 -181 | 29.740 .0802 -000304 080504 -00379 
42 0791 267 | 29.654 .0784 - 000440 078840 -00561 
52 0776 888 | 29.533 0766 -000627 077227 00819 
62 0761 556 29.365 0747 - 000881 075581 01179 
72 0747 785 | 29.136 0727 -001221 073921 01680 
82 0733 1.092 } 28.829 -0706 . 001667 072267 02361 
2 0720 1.501 28.420 0684 -002250 070717 -08289 
102 0707 2.036 27.885 0659 -002997 068897 04547 
112 0694 2.731 27.190 0631 -003946 067046 06253 
122 0682 3.621 26.300 -0599 -005142 065042 “ 
132 0671 4.752 | 25.169 .0564 00663 063039 11771 
142 0660 6.165 23.756 .0524 00847, 060873 16170 
152 0649 7.9380 | 21.991 20477 .010716 058416 22465 
162 0638 10.099 | 19.822 0423 -013415 2055715 31713 
172 0628 12.758 17.163 -0360 -016682 052682 -46338 
182 .0618 15.960 13.961 0288 -020536 -049336 - 71300 
19: .0609 19.828 10.093 0205 025142 045642 | 1.22643 
202 06 24.450 5.471 -0109 - 030545 .041445 | 2.80230 
212 -0591 29.921 0.000 -0000 -036820 -036820 |Infinite, 


The weight in lbs. of the vapor mixed with 100 lbs. of pure air at any 
given temperature and pressure is given by the formula 


62.8 xX EH _, 29.92 


290.92-E” p? 


where E = elastic force of the vapor at the given temperature, in inches of 
mercury; p = absolute pressure in inches of mercury, = 29.92 for ordinary 
atmospheric pressure. 

Specific Heat of Air at Constant Volume and at Constant 
Pressure.—Volume of 1 |b. of air at 32° F, and pressure of 14.7 lbs, per sq. 
in, = 12.887 cu.ft. = acolumn 1 sq. ft. area x 12.387 ft. high. Raising temper- 


ature 1° F, expands it , or to 12,4122 ft. high—a rise of .02522 foot. 


Work done = 2116 lbs. per sq, ft. X .02522 = 53.87 foot-pounds, or 58.37 +778 
= .0686 heat units. 

The specific heat of air at constant pressure, according to Regnault, is 
0.2375; but this includes the work of expansion, or .0686 heat units; hence 
the specific heat at constant volume = 0.2375 — .0686 = 0.1689. 

Ratio of specific heat at constant pressure to specific heat at constant 
yolume = .2375 + .1689 = 1.406. (See Specific Heat, p. 458.) 

Flow of Air through Orifices.—The theoretical velocity in feet 
per second of flow of any fluid, liquid, or gas through an orifice is vy = 

V2gh = 8.02 Wh, in which h = the ‘‘ head” or height of the fluid in feet 
required to produce the pressure of the fluid at the level of the orifice. 
(for gases the formula holds pees: only for small differences of pressure on 
the two sides of the orifice.) The quantity of flow in cubic feet per seeond 
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is equal to the product of this velocity by the area of the orifice, in square 
feet, multiplied by a ‘coefficient of flow,” which takes into account the 
contraction of the vein or flowing stream, the friction of the orifice, etc. 

For air flowing through an orifice or short tube, from a reservoir of the 
pressure p, into a reservoir of the pressure po, Weisbach gives the follow- 
ing values for the coefficient of flow, obtained from his experiments. 


Fiow or AIR THROUGH AN ORIFICE. 


Coefficient c in formula v = ¢ /2gh. 
Diameter Ratio of pressures ppg 1.05 1.09 1.48 1.65 1.89 2.15 
lcentimetre. § Coefficient................ .555 .589 .692 .724 .754 .788 
Diameter eee of pressures........ 1.05 1.09 1.86 1.67 2.01 .... 
2.14 centimetres § Coefficient................ .558 .573 .634 .678 .723 .... 


FLow or AIR THROUGH A SHORT TUBE. 
Diam. 1 cm., 1 Bae of pressures p,+pq 1.05 1.10 1.30 


Length 83cm. § Coefficient................ 730.771 ~=.830 AGRE, 
Diam. 1.414 cm., | Ratio of pressures. Tl 1,69> cece sone 
Length 4.242 cm. ) Coefficient. ........ READE SO Ue aca asec Seas 

Diam. 1 cm., 


Ratio of pressures........ 1.24 1.38 1.59 1.85 2.14 .... 
Length 1.6 cm. * 
Orifice rounded. | C0cflicient................ .979 .986 .965 .971 .978 .... 


FLEeNER’s EQuaTion FoR Fiow or Air From A RESERVOIR THROUGH AN 
OricE. (Proc. Inst. C. E., lv, 379.) 


t. xa be 2 
G = (8465 — 10000D) 7 VA a eet 


G = the flow in kilogrammes per second ; p,p) = the internal and external 
pressures in atmospheres of 10,000 kg. per sq. metre; D = diameter of the 
orifice in metres; F' = its cross-section in sq. metres; T’= absolute temper- 
ature, Centigrade, of the air in the reservoir. ‘The experiments were made 
with six orifices from 3.17 to 11.36 mm. diameter, in brass plates 12mm. thick, 
drilled cylindrically for about 44 mm., and conically enlarged towards the 
outside at an angle of 45°. 

Clark (Rules, Tables, and Data, P: 891) gives, for the velocity of flow of air 
through an orifice due to small differences of pressure, 


29h, » t— 82)\_, 29.92 
= Dre "3; —_—_ _— 
4 o4/ ey x 73.2 x A+ am) 2, 
or, simplified, 


V = 352 c4/ (4+ .oo208¢¢ — 82) 


in which V = velocity in feet per second; 29 = 64.4; k = height of the column 
of water in inches, measuring the difference of pressure; ¢ = the tempera- 
ture Fahr.; and p = barometric pressure in inches of mercury. 773.2is the 
volume of air at 32° under a pressure of 29.92 inches of mercury when that of 
an equal weight of water is taken as 1, 


For 62° F., the formula becomes V = 368C / ; and if p = 29.92 inchesV = 


66.350 Vk 
The coefficient of efflux C, according to Weisbach, is: 


C = .90 to .99 
.. xxxiii, 55) 


os 
states that his formula for flow of water in pipes v = 48 / si may also 


be employed for flow of air. In this case H = height in feet of a column of 
air required to produce the pressure causing the flow, or the luss of head 
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for a given flow; v = velocity in feet per second, D = diameter in feee, L= 
length in feet, 

If the head is expressed in inches of water, h, the air being taken at 
62° F., its weight per cubic foot at atmospheric pressure = .0761 lb. Then 


v3 oe = 68.3h. If d = diameter in inches, D = , and the formula 


O61 x I 50} 
becomes v = 114.5 /'s » in which h = inches of water column, d = diam- 
In In? 


eter in inches and L Sone in feet; h = Taii0a? d= aaitOn 
The quantity in cubic feet per second is 


has 6 
ee Ge Heo ee 2 Oe OE 
Q = 7054 Fou = 6b 4/3 d=4/O; ha wt 


The horse-power required to drive air through a pipe is the volume Q in 
cubic feet per second multiplied by the pressure in pounds per square foot 
and divided by 550. Pressure in pounds per Square foot = P = inches of 
water column X 5.196, whence horse-power = 

3 
HP.= QP Qh OL 


“550 ~ 105.9 ~ 41.3a5° 


_ if the head or pressure causing the flow is expressed in pounds per square 
inch = p, thenh = 27.71p, and the above formule become 


», / pa Ty Lv? 
v5 60274 [ee tN ye 
‘VY ZL P= 355.5000" 363,300p° 
5 " 
= 3.007) / Pet. en Othe oe Rib 
Os BATA) ae erga: 10.806p* 


Q144p 
550 


Volume of Air Transmitted in Cubic Feet per Minute in 
Pipes of Various Diameters. 


Wee 


3 
= .2618Q0p = 024 2 


Yi! 
Formula Q = ide x 60. 


EE 

82 Actual Diameter of Pipe in Inches. 

Oa 

a —____—______. 
38 

oa) 1/2] 8] 4 5 6 8 | 10] 22 16 | 20 | 24 

Fs, SEE EASE) ORAS | PORE Pa ELS amb fr 
1 | .827) 1.81] 2.95} 5.24) 8,18] 11.78} 20.94] 32.73] 47.12] 88.77] 130.9] 188.5 
2 | .655} 2.62] 5.89) 10.47) 16.36] 23.56] 41.89] 65.45] 94.25] 167.5 | 261.8] 377 

8 | .982| 3.92) 8.84) 15.7 | 24.5 | 35.3 | 62.8 | 98.2 | 141.4 | 251.3 | 392.71 565.5 
4 {1.31 | 5,24(11.78| 20.9 | 82.7 | 47.1 | 83.8 1131 188 335 523 | 754 

5 |1.64 | 6.54/14,.7 | 26.2 | 41 59 1104 «1163 235 419 654 | 942 

6 |1.96 | 7.85)17.7 | 81.4 | 49.1 | 70.7 |125  |196 283 502 785 11131 

% /2.29 | 9.16)20.6 | 36.6 | 57.2 | 82.4 ]146 |229 | 330 | 586 | 916 11319 

8 2.62 105 123.5 | 41.9 | 65.4 | 94 167 |262 | 377 | 670 1047 11508 

9 12.95 |11.48]26.5 | 47 7 1106 4188 {294 424 754 |1178 11696 

10 8.27 13.1 /20.4 | 52 | 82 {118 |209 |3e7 | 471 838 }1309 1885 

12 /3.93 |15.7 [35.3 | 63 98 }141 |251 |893 565 {1005 1571 |2262 

15 [4.91 |19.6 |44.2 | 7 122/177) 814/491 707 1256 = }1963 |2827 

18 |5.89 23.5 |53 94 j147 [212 [877 |589 | 848 [1508 2356 |3393 

20 6.54 (26.2 [59 105 |164 [285 {419 1654 942 11675 12618 |3770 

24 |7.85 [81.4 71 }125 |196 |283 |502 «/%85 =}1181 +}2010 ‘|3141_ |4524 

25 8.18 [82.7 |73 181/204 294 [528 818 {1178 2094 [3272 Ilavi2 

28 (9.16 /36.6 (82 |146 |229 |330 |586 916 |1319 e846 |3665. |nQ78 

80_ 19.8 189.3 1881157 1245 18581628 (982 [1414 2518 |sg27 
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In Hawksley’s formula and its derivatives the numerical coefficients are 
constant, It is scarcely possible, however, that they can be accurate except 
within a limited range of conditions. ‘In the case of water it is found that 
the coefficient of friction, on which the loss of head depends, varies with the 
length and diameter of the pipe, and with the velocity, as well as with the 
condition of the interior surface. In the case of air and other gases we 
have, in addition, the decrease in density and consequent increase in volume 
and in velocity due to the progressive loss of head from one end of the pipe 
to the other. 

Clark states that according to the experiments of D’Aubuisson and those of 
a Sardinian commission on the resistance of air through long conduits or 
pipes, the diminution of pressure is very nearly directly as the length, and 
as the square of the velocity and inversely as the diameter. The resistance 
is not varied by the density. 

Lu? OL 


If these statements are correct, then the formule h = =a andh= ovat 


and their derivatives are correct in form, and they may be used when the 
numerical coefficients c and c’ are obtained by experiment. 

If we take the forms of the above formule as correct, and let C be a vari- 
able coefficient, depending upon the length, diameter, and condition of sure 
face of the pipe, and possibly also upon the velocity, the temperature and 
the density, to be determined by future experiments, then for A = head in 
inches of water, d = diameter in inches, L = length in feet, v = velocity in 
feet persecond, and Q = quantity in cubic feet per second: 


hd, In? , _ lh’, 
v= 04/12; d= oa h = Gq 


s 
Tae, 33683Q2L. 83683Q2L 
Q = 005s 4/ AEs d= 4/ BEE b= SL. 


For difference or loss of pressure p in pounds per square inch, 


h=2WU71p Vir = 6.264 4/p3 
1, [Be pie Sie IS 
Or te A aE a= Fricip P= Od 


L 
6 
ae 18Q@L, 1218Q2L 
Q= consti 4/ Ps d=4/-G3 P= Gas 


(for other formule for flow of air, see Mine Ventilation.) 


Loss of Pressure in Ounces per Square Inch,.—B. F. Sturte. 
vant Company uses the following formule ; 


Let, /%000dpy 
Pi = x000d * v=4/ ines ' 


in which p, = loss of pressure in ounces per square inch, v = velocity of air 
in feet per second, and L = length of pipe in feet, If pis taken in pounds 
per square inch, these formule reduce to 


In 
= 35000p,° 


-0000025 Ly? 
icy 5 GER: 


, 3 
These are deduced from the common formula (Weisbach’s), p = re ie in 


d 
which f = .0001608. 
The following table is condensed from one given in the catalogue of B. F. 
Sturtevant Company. _ 
Loss of eee in pipes 100 feet long, in ounces Po. square inch. For 
any other length, the loss is proportional to the length, ‘ 
= yaa Ler 


p= 0000252" 5 v= 632.5 9 / PAs a= 


488 AIR. 


ds Diameter of Pipe in Inches. 
as ple nei HS 
os, 
pel [2 |a|s 5 6 VG 8 | o | 10 |u| x 
Bs 
2 a Loss of Pressure in Ounces. 
600} .400) .200) .133) .100} .080| .067| .057] .050] .044] .040] .036| .033 
1200} 1.600) .800) .533] .400] .820) .267| .229) .200] .178] .160| .145! .133 
1800} 3.600) 1.800} 1.200) .900] .720| .600) .514| .450] .400] .360) .327| .300 
2400) 6.400] 3.200} 2.133] 1.600] 1.280) 1.067} .914| .800] .711] .640] .582) .533 
3000] 10. 5. 3.333] 2.5 2. 1.667/1.429)1.250]1.111}1.000| .909| .833 
8600} 14.4 V7.2 14.8 | 38.6 | 2.88] 2.4 12.0571 1.6 |1.44 |1.309/1.200 
4200] ...... 9.8 } 6.553) 4.9 | 3.92 | 8.267/2.8 |2.45 |12.178]1.96 |1.782]/1.633 
4800]..... 12.8 | 8.533] 6.4 5.12 | 4.267/3.657/38.2 |2.844/2.56 |2.827/2.138 
6000) ..... 20. 13.333110.0 | 8.0 | 6.667/5.71415.6 |4.444/4.0 |3.636/3.333 
Diameter of Pipe in Inches, 
u | 1 | | 2 22 24 28° w | || «| 


Loss of Pressure in Ounces. 


600} .029) .026) .022] .020} .018} .017) .014] .012] .011 


? -010 .009| -008 
1200) .114) .100) .089} .080] .073} .067| .057) .050] .044 


-040} .036| .033 


1800] .257) .225) 200) .180] .164/ .156) .129) .1121 .100) .090] .082] .07:! 
2400] .457/ .400} .856) .320) .291) .267] .239] .200] .178| .160| .145] .133 
8600} 1.029] .900) .800) .720) .655] .600| .514| .450) .400| .360| .327] .300 
4200] 1.400) 1.225) 1.089) .980/ .891| .817| .700] .612) .544| .490| 1445] .408 
4800) 1.829] 1.600) 1.422) 1.280] 1.164] 1.067) .914] .800] .711| .640] .582] .533 
6000) 2.857] 2.500) 2.222) 2.000] 1.818] 1.667]1.429]1.250}1.111'1.000) .909| .833 


Effect of Bends in Pipes, (Norwalk Iron Works Co.) 


Radius of elbow, in diameter of pipe=5 8 2 1% YQ Ly 8h 3G 
Equivalent lgths. of straight pipe, diams 7.85 8.24 9.03 10.36 12.72 17.51 85.09 181.2 

Compressed-air Transmission, (Frank Richards, Am. Mach., 
March 8, 1894 )—The volume of free air transmitted may be assumed to be 
directly as the number of atmospheres to which the air is compressed, 
Thus, if the air transmitted be at 75 pounds gauge-pressure, or six atmos- 
pheres, the volume of free air will be six times the amount given in the 
table (page 486). Itis generally considered that for economical transmission 
the velocity in main pipes should not exceed 20 feet per second. In the 
smaller distributing pipes the velocity should be decidedly less than this. 

‘The loss of power in the transmission of compressed air in general is not 
@ serious one, or at all to be compared with the losses of power in the opera- 
tion of compression and in the re-expansion or final application of the air, 

The formulas for loss by friction are all unsatisfactory. The statements 
of observed facts in this line are in a more or less chaotic state, and self- 
evidently unreliable. 

A statement of the friction of air fowing through a pipe involves at least 
all the following factors: Unit of time, volume of air, pressure of air, diam- 
eter of pipe, length of pipe, and the difference of pressure at the ends of 
the pipe or the head required to maintain the flow. Neither of these factors 
can be allowed its independent and absolute value, but is subject to modifi- 
cations in deference to its associates. The flow of air being assumed to be 
uniform at the entrance to the pipe, the volume and flow are not uniform 
after that. The air is constantly losing some of its pressure and its volume 
is constantly increasing. The velocity of flow is therefore also somewhat 
accelerated continually. This also modifies the use of the length of the 
pipe as a constant factor. i 

Then, besides the fluctuating values of these factors, there is the condition 
of the pipe itself. The actual diameter of the Pipe, especially in the 
smaller sizes, is different from the nominal diameter. The ipe may be 
straight, or it may be crooked and have numerous elbows. Mr. Richards 
considers one elbow as equivalent to a length of pipe. 
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Formulz for Flow of Compressed Air in Pipes.—tThe for- 
mule on pages 486 and 487 are for air at or near atmospheric pressure. For 
compressed air the density has to be taken into account, A common 
formula for the flow of air, gas, or steam in pipes is 


in which Q = volume in cubic feet per minute, p = difference of pressure 
in lbs. per sq. in, causing the flow, d = diameter of pipe in in., L = length 
of pipe in ft., w = density of the entering gas or steam in lbs. per cu. ft., 
and c = a coefficient found by experiment. Mr. F. A. Halsey in calculating 
a table for the Rand Drill Co.’s Catalogue takes the value of c at 58, basing 
"it upon the experiments made by order of the Italian government prelim- 
inary to boring the Mt. Cenis tunnel. These experiments were made with 
pipes of 3281 feet in length and of approximately 4, 8, and 14 in. diameter. 
The volumes of compressed air passed ranged between 16.64 and 1200 cu. ft. 
per minute. The value of c is quite constant throughout the range and 
shows little disposition to change with the varying diameter of the pipe. It 
is of course probable, says Mr. Halsey, that c would be smaller if determined 
for smaller sizes of pipe, but to offset that the actual sizes of small com- 
mercial pipe are considerably larger than the nominal sizes, and as these 
ealculations are commonly made for the nominal diameters it is probable 
that in those small sizes the loss would really be less than shown by the 
table. The formula is of course strictly applicable to fluids which do not 
change their density, but within the change of density admissible in the 
transmission of air for power purposes it is probable that the errors intro- 
duced by this change are less than those due to errors of observation in the 
Eevee state of knowledge of the subject. Mr. Halsey’s table is condensed 
elow. 


os Cubic feet of free air compressed to a gauge-pressure of 80 Ibs. 
= and passing through the pipe each minute. 

Say 

3 50 100 | 200 | 400 | 800 | 1000) 1500} 2000} 3000 | 4000 | 5000 
2D 

oq — 
E a Loss of pressure in lbs. per square inch for each 1000 ft. 

are of straight pipe. 


To apply the forrmula given above to air of different pressures it may be 
given other forms, as follows: 

Let Q = the volume in cubic feet per minute of the compressed air; Q; = 
the volume before compression, or ‘free air,’’ both being taken at mean 
atmospheric temperature of 62° F.; w; = weight per cubic foot of Q; = 
0.0761 Ib.; 7 = atmospheres, or ratio of absolute pressures, = (gauge-pres- 
sure + 14.7) + 14.7; w = weight per cu. ft. of Q; p = difference of pressure. 
in }bs. per sq. in., causing the flow; d = diam. of pipe in in,; L = length of 
pipe in ft.; c = experimental constant, Then 
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5 6 
Q= s.62%c4/ 2%, ga s.625c4/ Ls 
rh 
— care, : 
a= 4/ o7e1E2* — osor4*/ LO / 07612" = 0,59747/ 22s", 
ep cp opr cpr 


LQ*r = 0762? 


p = .0761 eds ode 


The value of ¢ according to the Mt. Cenis experiments is about 58 for pipes 
4, 8, and 14 in. diameter, #281 ft. long. In the St. Gothard experiments it ~ 
ranged from 62.8 to 73.2 (see table below) for pipes 5.91 and 7.87 in. diameter. 
1713 and 15,092 ft. long. Values derived from D’Arcy’s formula for flow o: 
water in pipes, ranging from 45.3 for 1 in. diameter to 63 2 for 24 in,. aregiven 
under “ Flow of Steam,” p. 671. For approximate calculations the value 60 
may be used for all pipes of 4 in. diameter and upwards, Using c = 60, the 
above formules become 


Q= 217.5 cnet Oe airsg/ PER, 


Id = 0.1161 y oii 0.81 4/" LQ:?; 
D pr 


LQ?r LQ,? 
= 0.00002114—*— = 0, z 
Pp 00002114 as 0.00002114 ay 


Loss of Pressure in Compressed Air Pipe=-main, at 
St. Gothard Tunnel, 


(E. Stockalper.) 


. 


8 Ee i] 3 Be Shove hs ; | Observed Pressures. 3 
DP lSotslousins | oo] as Sieur 
A Gak ori SOG OS 1a S| aka a(Si8 
S18 |, CEES) BelbsSal 431 bs] o 3 Elais 
BIG EHO MRL GIeg 22 138 lew | oe = 
= ger Stlsac/Zalll i. 1 8, (ee cst, Ti fois a 
£8 [pos S8|oegeloe+| S38 | oe 2's | og | Loss of js 3 
B/S |fveos® Ps acey] sa) Pa 58 ..| $6 | Pressure.|S 
o|s EG OSSISSE aa] Ste 8 amo! Bo o tl 
|e Sees alesalgse| 35 | 28 Bee 8s a) 
eis a I Ee ie ae s 
lbs. 
per 
No./in.| cu.ft. cu.ft.) den.| lbs. | feet.| at. | at. sq.in.] % 2 
1 7.87 Ls 056 { 6.534 | 00650} 2.669 | 19.82] 5.60 | 6.24 | 5.292] 6.4 13.2 
{ B91 E" 7.063 | 00603} 2 669 | 37.14 | 5.24 | 5.00 | 3.528] 4.6 63.9. 
2 7.87 loo 02 4 5.509 | 00514] 1.776 | 16.380] 4.85 | 4.13 | 3.234]5.1] 70.7 
{ 5.91 i 5.868 | .00482] 1.776] ..... CSS 0s ey erica ical Icey a Pia a 
34 7.87 lag 364 } 5.262 | 00449} 1.483 | 15.58 | 3.84] 3.65 | 2.79815.0| 67.6 
Visor yo” 5,580 | .00423) 1.483 | 29.34 | 3.65 | 3.54 | 1.617] 3.0 62.8 


ee 

The length of the pipe 7.87 in diameter was 15,092 ft., and of the smaller 
pipe 1712.6 ft. The mean temperature of the air in the large pipe was 70° F. 
and in the small pipe 80° F, 
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Equation of Pipes.—lIt is frequently desired to know what number 
of pipes of a given size are equal in carrying capacity to one pipe of alarger 
size, At the same velocity of flow the volume delivered by two pipes of 
different sizes is proportional to the squares of their diameters; thus, one 
4-inch pipe wiil deliver the same volume as four 2-inch pipes. With the same 
head, however, the velocity is less in the smaller pipe, and the volume de- 
livered varies about as the square root of the fifth power (i.e., as the 2.5 
power). The following table has been calculated on this basis. The figures 
opposite the intersection of any two sizes is the number of the smaller-sized 
pipes required to equal one of the larger. Thus, one 4-inch pipe is equal to 
5.7 2-Inch pipes. 


ss/1}2]38]4}]5]6!7 | 8 | 9 | 10} 12} 14] 16 | 18 | 20 | 2¢ 
ra) 


2/ 5.7) 1 

3 15.6) 2.8) 1 

4/32 | 6.7) 2.1) 1 

5 155.9] 9.9) 3.6] 1.7) 1 

6 |88.2)15.6) 5.7) 2.8) 1.6] 1 

7 |1380 (22.9] 8.3] 4.1) 2.3) 1.5) 1 

8 }181 [32 |11.7) 5.7) 3.2) 2.1) 1.4) 1 

9 1248 |43. |15.6) 7.6) 4.3] 2.8) 1.9} 1.3) 1 

10 |816 |55.9/20.3) 9.9) 5.7] 3.6] 2.4) 1.7] 1.3) 1 

11 |401 |70.9/25.7)12.5) 7.2] 4.6] 3.1) 2.2) 1.7) 1.3 

12 |499 |88.2/32 15.6) 8.9) 5.7| 3.8) 2.8) 2.1) 1.6) 1 

18 |609 }108 /89.1]19 10.9] 7.1) 4.7) 8.4| 2.5) 1.9) 1.2 

14 |783 [180 |47 /22.9/13.1) 8.3) 5.7| 4.1) 3.0] 2.3] 1.5) 1 

15 [871 154 |55.9/27.2/15.6) 9.9) 6.7) 4.8) 3.6) 2.8] 1.7] 1.2 

16}... 4181 |65.7/32 |18.3/11.7| 7.9) 5.7) 4.2) 3.2) 2.1) 1.4) 1 

17 |... $211 |76. 4/37 .2)21.3/13.5] 9.2) 6.6) 4.9] 3.8) 2.4) 1.6) 1.2) 

18 |.,..}243 |88.2/43 |24.6/15.6/10.6) 7.6) 5.7) 4.3) 2.8) 1.9) 1.3) 1 

19 |... {278 |101 |49.1/28.1/17.8/12.1] 8.7) 6.5) 5 | 3.2) 2.1) 1.5) 1.1 

20 |.,..]816 }115 |55.9/32 |20.3/13.8) 9.9) 7.4) 5.7/ 3.6) 2.4) 1.7) 1.3) 1 
«».{401 |146 |70.9/40.6/25.7/17.5/12.5} 9.3) 7.2) 4.6) 3.1) 2.2) 1.7/ 1.3 

24 499 |181 |88.2/50.5/32 /21.8/15.6/11.6] 8.9) 5.7) 3.8) 2.8) 2.1) 1.6) 1 

26 609 |221 }108 |61.7/89.1/26.6)19. |14.2/10.9) 7.1] 4.7] 3.4] 2.5) 1.9) 1.2 

23 733 |266 |130 |74.2/47 (82 |22.9)17.1/13.1] 8.3] 5.7) 4.1) 3 | 2.3) 1.6 

30 |... [871 )816 [154 |88.2/55.9/38 |27.2/20.3/15.6| 9.9) 6.7) 4.8) 3.6) 2.8) 1.7 

36 |.. --]499 |243 |180 |88.2/60 |438 [82 |24.6/15.6/10.6) 7.6) 5.7) 4.3) 2.8 

42 | .. | .../783 [857 |205 |180 |88.2]63.2)47 |36.2/19 |15.6/11.2) 8.3) 6.4) 4.1 

gi eng Wares terre 499 |286 |181 |123 |88.2)62.7/50.5/32 /21.8/15.6)11.6) 8.9, 5.7 

27 Wee RRS Ker! 670 [383 [243 |165 |118 |88.2/67.8|43 |29.2/20.9|15.6/12 | 7.6 

60 |... - {871 |499 1316 1215 {154 [115 188.2)55.9/388 [27.2/20.3)15.6 9.9 


Measurement of the Velocity of Air in Pipes by an Ane- 
mometer.—tTests were made by B. Donkin, Jr. (inst. Civil Hngis. 1892), 
to compare the velocity of air in pipes from 8 in, to 24 in, diam., as shown by 
an anemometer 234 in. diam. with the true velocity as measured by the time 
ef descent of a gas-holder holding 1622 cubic feet. A table of the results 
with discussion is given in Engg News, Dec. 22, 1892. In pipes from 8 in. to 20 
in. diam. with air velocities of from 140 to 690 feet per minute the anemome- 
ter showed errors varying from 14.5% fast to 10% slow. With a 24-inch pipe 
and a velocity of 73 ft. per minute, the anemometer gave from 44 to 63 feet, 
or from 138.6 to 39.6% slow. The practical conclusion drawn from these ex- 
periments is that anemometers for the measurement of velocities of air in 
pipes of these diameters should be used with great caution. The percentage 
of error is not constant, and varies considerably with the diameter of the 
pipes and the speeds of air, The use of a baffle, consisting of a perforated 
plate, which tended to equalize the velocity in the centre and at the sides in 
some cases diminished the error. 
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The impossibility of measuring the true quantity of air by an anemometer 
held stationary in one position is shown by the following figures, given by 
Wm. Daniel (Proc. Inst. M. E_, 1875), of the velocities of air found at different 
points in the cross-sections of two different airways in a mine. 

DIFFERENCES OF ANEMOMETER Reapises IN AIRWAYS. 
§ ft. square. SxS8ft 


1712 | 1795 | 1859 | 1329 


1622 | 1635 | 1782 | 1091 


1477 | 1344 | 1524 | 1049 


1170 | 1209 | 138 


as i ii 


1262 | 1356 | 1293 | 1333 ir ery 


Average 1469. Average 1132. 


WIND. 


Foree of the Wind.—Smeaton in 1759 published a table of the 
. velocity and pressure of wind, as follows: 


VELocITY aND Force or Wisp, mx Pouxps Pee Sovare Ince. ~ 


~ — = 
=o a: 1D w 7{5 = 
Be | 2S |2st\Common Appella. 2 = |== 2/ Common Appeila- 
2 BE g"5 tion BS le" tion of the 
2 23 Ese Ze S23) Force of Wind. 
= &” fe =" 
a 2.41/15 
1 | 1.47 | 0.005 39.34! 1.968 tery brisk 
at care 
4.4 | 0. 44.01] 4.401)... _. 
4 | 5.87] 0.079 51.34 6.027) 5 High wind. 
ape Enis 
‘3 | 0.177 “oi! 9.963 ¥ 
7 | 10.25] 0.241 Bae | Very high storm. 
8 | 11.75) 0.315 $0.7 [14.9 
9 | 13.2 | 0.400 $8.02.17-71 
10 | 14.67] 0.492 5.4 208 ‘Great Storm. 
2 | 17-6 | 0-708 10.5 241 
B. 110. 7.7 < 
15 | 22.00] 1.107 117 3631.49 | ¢ Hurricane. 
16 | 23.45] 1.25 146.67'49_2 Immense hurri- 
cane. 


“formula P = 0.005172, in which V is the velocity in miles bour. Eng’g 


surfaces, 
and that for large solid bodies it often gives greatly too larze results. 
Observations by others are thus compared Gith Desrabene formula: 
MONA ose et aw a pan tens eee ee ee 
As determined by Prof. Martin _.. P= .OF2 
Whip; P= oRey? 


130), clsimin= io prove that P E 
A. B Wold (The Windmill as a Prime Mover, p. 9) gives as the theoretical 


of the wind im feet per see, g = 32.16. Since Q= eeu ft per sec, P= 

Multiplying this by a coefficient 0.98 found by experiment, and substituting 

the above value of d, he obtains P=—-—°SFEIXP ang when p 
x 32.16 

a es 

ee es ene ee eee 


P= 2 pression in which the pressure is shown io vary 
EXE oisre 
= Si 


velocity and 
from 1 te 3% miles per hour. For a temperature of 45° F_ the pressures agree 
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been used st observateries, and also that an inertia which is frequently 
overlooked, may cause some forms of anemometer to give false results 
i correct indicati = ts of Mr. O. T. 


indication. Experimen 
varied directiy as the velocity, whereas ail 
the time of Smeaton enwards_ made it vary as 


“ity. 
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pxainined the published records of Greenwich Observatory from 1849 to 1869, 
and reports that the highest pressure of wind he finds recorded is 41 Ibs. 
per sq. ft., and there are numerous instances in which it was between 30and 
40 lbs. per sq. ft. Prof. Henry says that on Mount Washington, N. H., a ve- 
locity of 150 miles ee hour has been observed, and at New York City 60 

at the highest winds observed in 1870 were of 72 and 63 


Lieut. Dunwoody, U.S. A., says, in substance, that the New England coast 
is exposed to storms which produce a pressure of 50 lbs. per sq. ft. Engi- 


Power and Efficiency of Windmills,—Rankine, §. E., p. 215, 
gives the following: Let Q = volume of air which acts on the sail, or part 
of a sail, in cubic feet per second, v = velocity of the wind in feet per 
second, s = sectional area of the cylinder, or annular cylinder of wind, 
through which the sail, or part of the sail, sweeps in one revolution,c=a 


energy is - » D being the weight of a cubic foot of air, Rankine’s formula 
for efficiency is 


E= nae = e{4 sin 24 — Fr t-cos2a+- psy}, 
2g 


m which ¢ = 0.75 and f is a coefficient of friction found from Smeaton’s 
flata = 0.016. Rankine gives the following from Smeaton’s data: 


A = weather-angle.................... = (s 18° 19° 
V+v=ratio of speed of greatest effi- 
ciency, for a given weather- 
angle, to that of the wind,.... = 2.63 1.86 1.41 
H = efficiency........,.. tsersccrece. = 0,24 0.29 0.31 


Rankine gives the following as the best values for the angle of weather at 
different distances from the axis: 
Distance in sixths of total radius... 1 2 3 4 5 6 
Weatherangles.. cuss. ss» 18% 19° 18° 16° 124¢° 7 


But Wolff (p. 125) shows that Smeaton did not term these the best angles, 
but simply says they ‘ answer as well as any,”’ possibly any that were in ex- 
istence in his time. Wolff Says that they “cannot in the nature of things 
be the most desirable angles.”? Mathematical considerations, he says, con- 
clusively show that the angle of impulse depends on the relative velocity of 
each point of the sail and the wind, the angle rowing larger asthe ratio be- 
comes greater, Smeaton’s angles do not fulfil this condition. Wolff devel- 
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ops a theoretical formula for the best angle of weather, and from it 
calculates a table for different relative velocities of the blades (at a distance 
of one seventh of the totallength from the centre of the shaft) and the wind, 
from which the following is condensed: 


Distance from the axis of the wheel in sevenths of radius. 


Ratio of the 

Speed of Blade 

at 1/7 of Radius 1 2 3 4 5 6 q 

to Velocity of 
Wind. Ae Rae RT 

Best angles of weather. 

0.10 42° 9/ | 89° 21” | 86° 39’ | 84° 6! | 31° 43’ | 29° 31’ | 27° 80’ 
0.15 40 44 | 86 39 |82 538 |29 81 |26 34 |24 0 | 21 48 
0.20 89 21/384 6 |29 31 | 25 40 |22 30 |19 54 |17 46 
0.25 87 59 136 43 |26 34 | 22 380 |19 20 116 51 |14 52 
0.30 36 39 | 29 31 6 119 54 1/16 51 {14 82 |12 44 
0.35 35 21 127 30 |21 48 |17 46 |14 52 112 44 )11 6 
0.40 34 «6 1 25. 40 | 19° 54-] 16° O 418 17 |11 19 9 50 
0.45 32 53 |24 0118 16 |14 82 }11 59 110 10 | 8 48 
0.50 31 48 |22 30 116 51 }18 17 |10 54 9 13 7 58 


The effective power of a windmill, as Smeaton ascertained by experiment, 
varies as s, the sectional area of the acting stream of wind; that is, for sim i- 
lar wheels, as the squares of the radii. 

The value 0.75, assigned to the multiplier c in the formula Q = cvs, is 
founded on the fact, ascertained by Smeaton, that the effective power of a 
windmill with sails of the best form, and about 15% ft. radius, with a breeze 
of 13 ft. per second, is about 1 horse-power. In the computations founded 
on that fact, the mean angle of weather is made = 13°. The efficiency of 
this wheel, according to the formula and table given, is 0.29, at its best 
speed, when the tips of the sails move at a velocity of 2.6 times that of the 
wind. 

Merivale (Notes and Formulee for Mining Students), using Smeaton’s co- 
efficient of efficiency, 0.29, gives the following: 

U = units of work in foot-lbs. per sec. ; 

W = weight, in pou of the cylinder of wind passing the sails each 
second, the diameter of the cylinder being equal to the diameter 
of the sails; 

V = velocity of wind in feet per second; 
c 5 1 Se areective porte oer 
Us 64’ sea teia 64 X 550° 

A. R, Wolff, in an article in the American Engineer, gives the following 

‘see also his treatise on Windmills): 


Let c = velocity of wind in feet per second; 
” = number of revolutions of the windmill per minute; 
by; 01, ba, bg be the breadth of the sail or blade at distances 1p, U3, lay 


1;, and l, respectively, from the axis of the shaft; 
1) = distance from axis of shaft to beginning of sail or blade proper; 
1 = distance from axis of shaft to extremity of sail proper; 
Vo, V1) Va. Va, Vz = the velocity of the sail in feet per second at dis- 
tances lp, 1,, I, 1, respectively, from the axis of the shaft; 
Gg, G1, 9, Az, Wy, = the angles of impulse for maximum effect at dis- 
tances Ig, 11, Ig, ls, l respectively from the axis of the shaft; _ 
a@ = the angle of impulse when the sails or blocks are plane surfaces, 
so that there is but one angle to be considered; 
N = number Of sails or blades of windmill; 
kK =. .93; 
d = density of wind (weight of a cubic foot of air at average tempera 
ture and barometric pressure where mill is erected); 
W = weight of wind-wheel in pounds; 
= coefficient of friction of shaft and bearings; 
= diameter of bearing of windmill in feet, 
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The effective horse-power of a windmill with plane sails will equal 


— lo) Ke?) . 
C= WikoaN, xX mean of ( ve(sin a- “2 COS a)bg cosa 


ic se SW X .05236nD 
v, (sin a — | 008 a) by, cos a)- SapCMEROE oe 


__The effective horse-power of a windmill of shape of sail for maximum 
effect equals 


Nii — 1p)Kde3 2sin? ay—1 2sin?a,—1 
Sage xX mean of( sin?a, 0 gin® a, by Sate 


Sing ay 550 


The mean value of quantities in brackets is to be found according to 
Simpson's rule. Dividing 1 into 7 parts, finding the angles and breadths 
corresponding to these divisions by substituting them in quantities within 
brackets will be found satisfactory. Comparison of these formule with the 
only fairly reliable experiments in windmills (Coulomb’s) showed a close 
agreement of results. 

Approximate formule of simpler form for windmills of present construc- 
tion can be based upon the above, substituting actual average values for a, 
ce, d, and e, but since improvement in the present angles is possible, it is 
better to give the formule in their general and accurate form. 5 

Wolff gives the following table based on the practice of an American 
manufacturer. Since its preparation, he says, over 1500 windmills have been 
sold on its guaranty (1885), and in all cases the results obtained did not vary 
sufficiently from those eeepc to cause any complaint. The actual re- 
sults obtained are in close agreement with those obtained by theoretical 
analysis of the impulse of wind upon windmill blades. 


Capacity of the Windmill. 


2 Se eee ) FW xX .05236nD 
2 a 


3 os |ESa 
{4 |2 Bs |ges 
= [3s | = | Gallons of Water raised per Minuteto |gs [HES 
= | 83 _ an Elevation of— EE ly Me 
= ° 
r=) pa os = a EE 
a 7 2s db SSL 
© |/sg2] 848 B254U5 
Ss A er ee rt ORS Bn 
= |23| 33 2828833 
& sais | 2 7 | 100 | 150 | 200 [EMC sOhs 
213 5 feet. | feet. | feet.| feet. | feet. | feet. ear loess 
Al> |e a |< 
wheel 
86 ft.| 16 |70t075| 6.162] 3.016|...... 8 
10 “| 16 |60t065| 19.179] 9.563] 6.638 8 
12 “| 16 |55to60) 33.941| 17952111851 8 
14 “| 16 |50t055) 45.129] 22'569}15. 8 
16 | 16 [45 to50) 64.600! 31.654 [19.542 8 
18 “| 16 |40t045| 97.682] 52.165 32/513] 24° j i ; 8 
20 ‘| 16/35 to40/124.950| 63.750 |40.800| 31.248] 19.984] 15.9381 0:7 8 
% 1 16 (30 to35'212.281 1106.964 |71.604| 49.7251 37:340| 26.741| 1134] 8 


These windmills are made in regular sizes, as high as sixty feet diameter of 
wheel; but the experience with the larger class of mills is too limited to 
enable the presentation of precise data as to their performance. 

if the wind can be relied upon in exceptional localities to average a higher 
velocity for eight hours a day than that stated in the above table, the per- 
formance or horse-power of the mill will be increased, and can be obtained 
by multiplying the figures in the table by the ratio of the cube of the higher 
average velocity of wind to the cube of the velocity above reeorded 

He also gives the following table showing the economy of the windmill. 
All the items of expense, including both interest and repairs, are reduced ta 
the hour by dividing the costs per annum by 365 x 8 = 2920; the interest, 
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2 ‘S 
ete., for the twenty-four hours being tear Se to the eight hours of actual 
work. By multiplying the figures in the 5th column by 584, the first cost of 
the windmill, in dollars, is obtained. 


Economy of the Windmill. 


3 |e3) » Expense of Actual Useful Power | , 
2 as wap Developed, in cents, perhour. |, 2 
relat leva | Eu. = (Be Bg 
82| 88 |2esulczncds (Ea> | $ ms 
‘ S| Oo, |BACOSCSse os ison a 3 
Designation | = 5| 45 |S. 0% sess Bw nE2 3 5 
of Mil, | g"| BS |ZRs 2/832. ce algso | 3 a5 
gu| oo gees|SCn~ OM Sea ee eS: Fae 
2a| So |ssea|Seeuaeseshe| 4/6 | |se8 
o"| 28 [8885 score a|s83a! s|5| 2 BBS 
C3 > = 
S | ge RPP eet ele lel 
814 ft. wheel] 370] 0.04 8. 0.25 0.25 |0.06/0.04]0.60] 15.0 
i « « {as oa | 8 o3e | ose looslocoso-ae| 8:9 
14 © | 9708] 0.28 8 0.75 0.75 }0.06|0.07|1.63] 5.8 
16% «6 | 8876] 0.41 8 1.15 1.15 |0.06|0.07|2.43] 5.9 
w * | 5861] 0.61 8 1.35 1.35 |0.06|0.07|2.83] 4.6 
20“ | 7497] 0.79 8 1.70 1.70 |0.06]0.10|3.56] 4.5 
95 «- % |19743| 1.84 8 2.05 2.05 10.0610.10/4.26] 3.2 


Lieut. I. N. Lewis (Eng’g Mag., Dec. 1894) gives a table of results of exe 
periments with wooden wheels, from which the following is taken: 


$$ 


Velocity of Wind, miles per hour. 


Diameter ———— re 
of wheel,| 8 | 10 . 12 | 16 20 | 3% | 30 
Feet. eS BE a 
Actual Useful Horse-power developed. 
12 0 4% 4 1 1% 2 
16 4 3g 34 ri 234 334 4 
Ae ein cal aera ae é 8* | 10 
25 1 
30 2 3 4 ae 7 9 12 


The wheels were tested by driving a differentially wound dynamo. The 
“ useful horse-power ” was measured by a voltmeter and ammeter, allow- 
ing 500 watts per horse-power. Details of the experiments, including the 
means used for obtaining the velocity of the wind, are not given. The re- 
sults are so far in excess of the capacity claimed by responsible manufactu- 
rers that they should not be given credence until established by further 
experiments. : 

A recent article on windmills in the Iron Age contains the following: Ac- 
cording to observations of the United States Signal Service, the average 
velocity of the wind within the range of its record is 9 miles per hour for 
the year along the North Atlantic border and Northwestern States, 10 miles 
on the plains of the West, and 6 miles in the Gulf States. 

The horse-powers of windmills of the best construction are proportional 
to the squares of their diameters and inversely as their velocities; for ex- 
ample, a 10-ft. mill in a 16-mile breeze will develop 0.15 horse-power at 
revolutions per minute; and with the same breeze as ~ 


A 20-ft. mill, 40 revolutions, 1 horse-power. 
A 25-ft. mill, 35 revolutions, 134 horse-power. 
A 30-ft. mill, 28 revolutions, 344 horse-power. 
A 40-ft. mill, 22 revolutions, 744 horse-power. 
A 50-ft. mill, 18 revolutions, 12 horse-power. 
The increase in power from increase in velocity of the wind is equal to the 
square of its proportional velocity; as for example, the 25-ft. mill rated 
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do its work 24 hours a ay for days, weeks, and even months together, 
whenever the wind is “stiff” enough toturn it. It costs, for work one in 


Electric storage and lighting from the power of a windmill has been tested 
on a large scale for several years by Charles F. Brush, at Cleveland, Ohio. 


eter, that operates with ordinary wind a dynamo at 500 revolutions per 
minute, with an output of 12,000 watts—16 electric horse-power—charging 
& storage system that gives a constant lighting capacity of 100 16 to 20 
candle-power lamps, T © current from the dynamo is automatically regu: 
lated to commence charging at 330 revolutions and 70 volts, and eutting the 
vireuit at 75 volts. Thus, by its 24 hours’ work, the storage system of 408 
cells in 12 parallel series, each cell having a capacity of 100.am pére hours, is 
kept in constant readiness for all the requirements of the establishment, it 
being fitted up with 850 incandescent lamps, about 100 being in use each 
evening. The plant runs ata mere nominal expense for oil, repairs, and at- 
tention. (For a fuller descri liov of this plant, and of amore recent one at 
Marblehead Neck, Mass., see Lieut, Lewis's paper in Engineering Magazine, 
Dee. 1894, p. 475.) 


COMPRESSED AIR, 


Heating of Air by Com Pression.—Kimball, in his treatise ou Phiysi- 
cal Properties of Gases, says: When air is compressed, all the work which is 
done in the compression is converted into heat, and shows itself in the rise in 
temperature of the compressed gas, In practice inany devices are employed 
to carry off the heat as fast as it is developed, and keep the temperature down. 


thrown away, and the compressed air can have no more energy than it hal 
before compression, Tt is true that the compressed gas has no more energy 
than the gas had before compression, if its temperature is no higher, but 
the advantage of the compression lies in bringing its energy into more avail- 


The total energy of the Compressed and uncompressed gas is thesame at 
the same temperature, but the available energy is much greater in the former. 

When the compressed air is used in driving a rock-drill, or any other piece 
of machinery, it gives up energy equal in amount to the work it does, and 
its temperature is accordingly greatly reduced, 

Causes of Loss of winerey. in Use of Compressed Air, 
(Zahner, on Transmission of Power by Compressed Air.)—1. The compression 
of air always develops heat, and as t € compressed air always cools down to 
the temperature of the surrounding atmosphere before it is used, the me- 


that we may finally have a given volume of air ata given pressure, and at 
the temperature of the surrounding atmosphere. The work spent in effect- 
ing this excess of pressure is work lost, 
8. Friction of the air in the pipes, leakage, dead spaces, the resistance of- 
fered by the valves, insufficiency of valve-area, inferior workmanship, ang 
slovenly attendance, are all more or less serious causes of loss of power, 
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The first cause of loss of work, namely, the heat developed by compres: 
sion, is entirely unavoidable. The whole of the mechanical ence which 
the compressor-piston spends upon the air is converted into heat. This heat 
is dissipated by conduction and radiation, and its mechanical equivalent is 
work lost. The compressed air, having again reached thermal equilibrium 
with the surrounding atmosphere, expands and does work in virtue of its 
intrinsic energy. 

The intrinsic energy of a fluid is the energy which it is capable of exert- 
ing against a piston in changing from a given state as to temperature and - 
volume to a total privation of heat and indefinite expansion. 

Adiabatic and Isothermal Compression.—Air may be com- 
pressed either adiabatically, in which all the heat resulting from com- 
pee is retained in the air compressed, or isothermally, in which the 

eat is removod as rapidly as produced, by means of some form of refrig- 
erator, 


Volumes, Mean Pressures per Stroke, Temperatures, etc., 
in the Operation of Air-compression from 1 Atmosphere, 
and 60° Fahr, (Ff. Richards, Am, Mach., March 30, 1893.) 


BalS |e. 15 3 Hal 5. 15. 1 

} 44 /Ba [as |oq. 4a) 4 (Sa jae |g 

£ 5 wleOdloa |.- FS 9! aloSalond |.- 

| | S8| SEleeeseul ope) g | SE) SB/EPEEL HG 
$| 5 | 23] Psigacieas| “3] 8] & | gl Pslgsslgas (<8 
re oO O.-O] HOF & O ..35|/0:--OlHo 
| | oF] os|eseiegs| CS =| & | of] osizszlessiss 
Oo). 2) 8s] Solse sis] sho bl a | ge) sors site 9]. 

& S| S56 alaoslae i ie ee) iS) Blacoslee la 

a) Blecis |se°\8e |8 12] 2 | 3S) Ss ls2"18e |e 

Go] 4/bale ja? Is HFo|] 4 /Fsr ie fe jé 

7 yh SUSIE AAC Ws Ie IE Pascal [lk Gad pele a ees ie la 7 
(eit 0 | 60° | 80] 6.442|.1552).266 | 97 38] 36.64] 432 
-1{1.068}.9363].95 | .96| .975| 71 ff 85| 6.782] .1474|-2566] 28.16] 37.94] 447 
2/1.136 3] 91 1.87} 1.91 | 80. 90| 7.122|.1404|.248 | 28.89] 39.18] 459 
3/1.204].8305].876 | 2.72] 2.8 | 88.99 95] 7.462|.184 |.24 | 99/57] 40.4 | 472 
4)1.272). 7861] .84 3.53) 3.67 | 98 100} 7.802|.1281|.2324) 30.21] 41.6 | 485 
5/1.34 |.7462).81 4.3}4.5 |106 105| 8.142} .1228},2254| 30.81] 42.78] 496 
10|1.68 |-5952|.69 | 7.62] 8.27 145 ff 110] 8.483] .1178].2180| 31°39] 48.91) 507 
15/2.02 |.495 [.606 | 10.83)11.51 {178 115} 8.823) .1132].2129] 81.98] 44.98) 518 
20/2.36 |.4237/.543 | 12.62/14.4 |207 120} 9.163) .1091|.2073] 82.54] 46.04] 529 
P| Ray g 3703] .494 | 14.59]17.01 |234 125} 9.503) .1052}.2020) 83.07] 47.06) 540 
30/3.04 | 3289].4538] 16.34]19.4 [252 130) 9.843] .1015).1969| 33.57 1} 550 
35/3.381].2957].42 | 17.92121.6 [281 135'10,183).0981|.1929| 34/05! 49.1 | 560 
40|3.721].2687].893 | 19.82|23.66 |302 ff 140/10.523).095 |.1878| 34.571 50.021 570 
45]4.061].2462].37 | 20.57/25.59 [821 ff 145'10.864| 0921|.1887| 35.09] 51. | 580 
50/4.401].2272].85 | 21.69/27.39 [339 ] 150,11.204|.0892|.1796] 35.48] 51/89] 580 
55/4.741].2109].331 | 22.76[29.11 [357 ff 160 11.88 |.0841|.1722| 36.29] 53.65] 607 
60|5.081|.1968] 8144] 23.78]30.75 1375 |] 170,12.56 |.0796|.1657| 37.2 | 55.39] 624 
65)5.422|1844].301 | 24.75/32.32 |389 ff 180,13.24 |.0755|.1595| 37.96] 57.01! 640 
70|5.762|.1735| 288 | 25.67/83.83 |405 ff 190) 18.93 | 0718) .154 | 38.68] 58.57| 657 
716.102} .1689).276 | 26.55)8.27 /420 J 200) 14.61 |-0685).149 | 39.42) 60.14] 672 


Column 3 gives the volume of air after compression to the given pressure 
and after it is cooled to its initial temperature. After compression air loses 
its heat very rapidly, and this column may be taken to represent the volume 
of air after compression available for the purpose for which the air has 
been compressed. ps = 

Column 4 gives the volume of air more nearly as the compressor has to 
deal with it. In any compressor the air will lose some of its heat during 
compression. The slower the compressor runs the cooler the air and the 
smaller the volume. 

Column 5 gives the mean effective resistance to be overcome by the air- 
cylinder piston in the stroke of compression, supposing the air to remain 
constantly at its initialtemperature. Of course it will not so remain, but 
this column is the ideal to be kept in view in economical air-compression. 
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Column 6 gives the mean effective resistance to be overcome by the Pis- 


ton, supposing that there is no cooling of the air, 


The actual mean effec- 


tive pressure will be somewhat less than as given in this column; but for 
computing the actual power required for operating air-compressor cylinders 


the 


gures in this column may be taken and a certain percentage added—- 


say 10 per cent—and the result will represent very closely the power required 


by the compressor. 


The mean pressures given being for compression from one atmosphere 


upward, they will not be correct for com 


or for any other initial pressure. 


putations in compound compression 


Loss Due to_ Excess of Pressure caused by Heating in 
the Compression-cylinder,—If the air during compression weie 
kept at a constant temperature, the compression-curve of an indicator-dia- 
gram taken from the cylinder would be an isothermal curve, and would fol- 
low the law of Boyle and Marriotte, pu=a constant, or p,v; = povp, or 


Pi= Po-, Po and Up being the pressure and volume at the beginning of 
compression, and p,v, the pressure and volume at the end, or at any inter- 


mediate point. 


any given pressure to be increased. 
by radiation or by injection of water, 


But as the air is heate 
increases faster than the volume decre 


d during compression the pressure 
ases, Causing the work required for 
If none of the heat were abstracted 
the curve of the diagram would be an 


adiabatic curve, with the equation p, = Pol 


Up \ 1.405. 


ra Cooling the air dur- 


ing compression, or compressing it in two cylinders, called compounding, 
and cooling the air asit passes from one eylinder to the other, reduces the 
exponent of this equation, and reduces the quantity of work necessary to 


effect a given compression. 


F. T. Gause (Am. Mach., Oct. 20, 1892), describ- 


ing the operations of the Popp air-compressors in Paris, says: The greatest 
saving realized in compressing in a single cylinder was 33 per cent of that 
theoretically possible. In cards taken from the 2000 H.P. compound com- 
pressor at Quai De La Gare, Paris, the Saving realized is 85 per cent of the 
theoretical amount. Of this amount only 8 per cent is due to cooling dur- 
ing compression, so that the increase of economy in the compound com- 
pressor is mainly due to cooling the air between the two stages of compres- 


sion. 


A compression-curve with exponent 1.25 is the best result that was 


obtained for compression in a single cylinder and cooling with a very fine 


spray. 


The curve with exponent 1.15 is that which must be realized in a 


single cylinder to equal the present economy of the compound compressor 


at Quai De La Gare. 


Horse-power 
compress and deliver one 
cubic foot of Free Air per 
mibute to a given pressure with no 
cooling of the air during the com- 
pression; also the horse-power re- 
quired, supposing the air to be main- 
tained at constant temperature 
during the compresion. 


required to|Horse-power 


required to 
compress and deliver one 
cubic foot of Compressed 
Air per minute at a given pressure 
with no cooling of the air during 
the con:pression; also the horse- 
power required, supposing the air to 
be maintained at constant tempera. 
ture during the compression, 


Gauge- Air not Air constant | Gauge- Air not Air constant 
pressure, cooled, temperature. |pressure, cooled, temperature, 
5 0196 -0188 5 0263 0251 
10 0361 0333 10 0606 0559 
20 +0628 -0551 20 +1483 1300 
30 -0846 0713 30 2257; 2168 
40 1032 -0843 40 3842 8138 
50 1195 0946 50 5261 4166 
60 1342 -1036 60 6818 5266 
70 1476 -1120 70 8508 6456 
80 1599 1195 80 1.0302 7700 
90 1710 1261 90 1.2177 .8979 
100 1815 -1818 100 1.4171 1.0291 


The horse-power piven above is the theoretical power, no allowance being 


made for friction o 
10 per cent or more. 


the compressor or other losses, which may amount to 
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Formule for Adiabatic Compression or Expansion of 
Air (or other sensibly perfect gas). 


Let air at an absolute temperature 7,, absolute pressure p;, and volume 
v, be compressed to an absolute pressure p and corresponding volume vq 
and absolute temperature 7; or let compressed air of an initial pressure, 
volume, and temperature po, Va, and T, be expanded to p;, ¥,, and 7), there 
being no transmission of heat from or into the air during the operation. Then 
the following equations express the relations between pressure, volume, 
and temperature (see works on Thermodynamics): 


; oie 141 2-46 
0-41 ‘age fe ee 


The exponents are derived from the ratio cp + cu =k of the specific heat: 
of air at constant pressure and constant volume. Taking k = 1.406,1+-k = 
pod k—1= 0.406; 1+ (k-—1) = 2.463; k-+(k — 1) = 3.468; K-11 +k= 
9.289. 

Work of Adiabatic Compression of Air.,—If air is com- 
pressed in a cylinder without clearance from a volume v, and pressure Pp; 
to a smaller volume v, and higher pressure p2, work equal to p,v, is done by 
the external air on the piston while the air is drawn into the cylinder. 
Work is then done by the piston on the air, first, in compressing it to the 
pressure p, and volume v,, and then in expelling the volume vs from the 
cylinder against the pressure pz. If the compression is adiabatic, piv, = 


Pv. * — constant. k= 1.41. 
The work of compression of 1 pound of air is 


k-1 
SC sal Ges Oa 
2.405p,01 | Cie -1 ' 2.463p,0, | (By =1 t. 


0-29 
The work of expulsion is pyv_ = PV, (2) EB 
1 


or 


Il 


The total work is the sum of the work of compression and expulsion less 
the work done on the piston during admission, and it equals 


7 - rot oer 
Pi%)< pa —j = 3.463 pyr) Po = 
; k-y - ( 2 ; 


The mean effective pressure during the stroke is 


k-1 
k Da \ooey 1 3.463 p Pa oes 1 
Pi. 4 ee — =, 1 £3 — 
Kia ) 2) 


Pp, and py are absolute pressures above a vacuum in atmospheres or in 
pounds per square inch or per square foot. 

ExaMpLe.—Required the work done in compressing 1 cubic foot of air per 
second from 1 to 6 atmospheres, including the work of expulsion from the 
cylinder. 

ee + p, = 6; 60°29 — 1 = 0.681; 3.463 x 0.681 = 2.358 atmospheres, x 14.7 = 
$4.66 Ibs. per sq. in. mean effective pressure, < 144 = 4991 lbs. per sq. ft., X 1 
ft. stroke = 4991 ft.-lbs., + 550 ft.-lbs. per second = 9.08 H.P. 
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If & = ratio of pressures = pz + p;, and if v, = 1 cubie foot, the work done 
in compressing 1 cubic foot from p, to pg is in foot-pounds : 


3.463p, (R02? — 4), 


Pp, being taken in Ibs. per sq. ft. For compression at the sea-level p, may be 
taken at 14 Ibs. per sq. in. = 2016 lbs. per sq. ft., as there is some loss of 
pressure due to friction of valves and passages. 

Indicator-cards from compressors in good condition and under working- 
speeds usually follow the adiabatic line closely. A low curve indicates 
piston leakage. Such cooling as there may be from the cylinder-jacket and 
the re-expansion of the air in clearance-spaces tends to reduce the mean 
effective pressure, while the “‘camel-backs”’ in the expulsion-line, due to 
resistance to opening of the discharge-valve, tend to increase it. 

Work of one stroke of a compressor, with adiabatic compression, in foot 
pounds, 

W = 3.463P, V,(R29 — 1), 
in which P, = initial absolute pressure in lbs. per sq. ft. and V, = volume 
traversed by piston in cubic feet. 

The work done during adiabatic compression (or expansion) of 1 pound of 
air from a volume v, and pressure p, to another volume v2 and pressure py 
is equal to the mechanical equivaient of the heating (or cooling). If t, is the 
higher and ¢, the lower temperature, Fahr., the work done is CyJ (ty — ta) 


foot-pounds, ¢,, being the specific heat of air at constant volume = 0.1689 an@ 
J = 778, CJ = 181.4. 
The work during compression also equals 


2 peal (22) - 1| = 2.408 piv { cairn aod i 


Fa being the value of pv + absolute temperature for 1 pound of air = 53.37. 
The work during expansion is 


eaespwn[t~ (28) "] = 24 po [(B)"" 1) 


in which p,v, are the initial and pgv, the final pressures and volumes. 


Compressed-air Engines, Adiabatic Expansion. — Let 
the initial pressure and voiume taken into the cylinder be p, lbs. per 
sq. ft. and 7, cubic feet; let expansion take place to Po and Vg according to 
the adiabaue law pyv,1-41 = pov,1-41; then at the end of the stroke let the 
pressure drop to the back-pressure ps3, at which the air is exhausted. 
Assuming no clearance, the work done by one pound of air during ad- 
mission, measured above vacuum, is P\%,, the work during expansion is 


4 \ 0529 
2,463 p,v,{ 1 — (2) 4 and the negative or back-pressure work is — pgv». 
1 
The total work is pv, 4- 2.463p,7, [1 - Gy fs |- PsVq, and the mean effec- 
1 


_ tive pressure is the total work divided by Vo. 
If the air is expanded down to the back-pressure Ps the total work is 


3.463p 10, | 1— Coy 
Py 


or, in terms of the final pressure and volume, 


8.46500 | gy a t, 
3 


and the mean effective pressure is 


8.408ps } ye = bs 


The actual work is reduced by clearance, When this is considered, the 

roduct of the initial pressure p, by the clearance volume is to be subtracted 
From the total work calculated trom the initial volume v, including clearance, 
(See p. 744, under ** Steam-engine.”) 
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Wean Effective Pressures of Air Compressed Adiabatically. 
(FP. A, Halsey, Am. Mach., Mar. 10, 1898.) 


MEP from MEP from 

Rk R09 ‘14 Ibs, Initial. R& Ro-29 —_|44 Ibs. Initial. 
1.25 1.067 3.24 4.5 1.570 27.5 
1.50 1.125 6.04 5. 1.594 28.7 
1.75 1.176 8.51 5.25 1.617 29.8 
2. 1.223 10.8 5.5 1.639 30.8 
2195 1.265 12.8 5.75 1.660 31.8 
2.5 1.304 14.7 6. 1.681 32.8 
2.75 1.341 16.4 6.25 1.701 33.8 
SF 1.875 18.1 6.5 1.720 34.7 
3.25 1.407 19.6 6.75 1.739 35.6 
3.5 1.438 21-1 to 1.757 36.5 
3.75 1.467 22.5 W.25 1.7 37.4 
4, 1.495 23.9 7.5 1.798 38.3 
4.25 1.521 25.2 8. 1.827 39.9 
4.5 1.546 26.4 


R = final + initial absolute pressure. 
MEP = mean effective pressure, lbs. per sq. in., based on 14 Ibs. initial. 
Compound Compression, with Air Cooled between the 
Wwo Cylinders. (4m. Mach., March 10 and 31, 1898.)— Work in low-pres- 
sure cylinder = Wj, in high-pressure cylinder W,. ‘Total work 
: W,+ We = 3.46P, Vy °?9 + R297, — +29 — 2]. é 
7, =ratio of pressures in 1, p. cyl., 7, = ratio in h. p. cyl., R=7y7rg. When 
1) =1Ta= VR, thesum W,+ Weisa minimum. Hence fora given total ratio 
: of pressures, R, the work of compression will be least when the ratios of the 
pressures in each of the two cylinders are equal. _ : 
The equation may be simplified, when 7, = 4/R, to the following: 
Wy + We = 6.92P, Vj [R148 — 1]. 
Dividing by V, gives the mean effective pressure reduced to the low-pressure 
cylinder MEP = 6.92P,[R°:145 — 1]. 
In the above equation the compression in each cylinder is supposed to be 
adiabatic, but the intercooler is supposed to reduce the temperature of the 
 , air to that av which compression began. 
 Wean Effective Pressures of Air Compressed in Two 
Stages, assuming the Intercooler to Reduce the Tem- 
perature to That at which Compression Began. (fF. A. 
Halsey, Am. Mach., Mar. 31, 1898.) 


: MEP | Ultimate MEP Hipiuats 

3 Saving aving 

Pe oR po-146 a 1d pyicone |, OR ROv146 from by Com- 

Initial, | Pound- Initial. | Pound- 

ng, % ing, % 
aes me 28s ——— fe 

- 5.0 1.263 95.4 11.5 9.0 1.375 36.3 
- 5.5 1.280 7.0 12.3 9.5 1.386 87.3 
t 6.0 1.296 28.6 12.8 10 1.396 38.3 
can 6.5 1.312 30.1 13.2 11 1.416 40.2 
es 7.0 1.326 1.5 13.7 12 1,484 41.9 
5.5 1.836 32.8 14.3 13 1.451 43.5 
me 8.0 1.352 34.0 14.8 14 1.466 45.0 
P 8.5 1.364 35.2 15 1.481 46.4 


R = final -- initial absolute pressure. ; 
WEP = mean effective pressure lbs. per sq. in, based on 14 Ibs. absolute. 


yi 
in 
* 

Si 

= f initial pressure reduced to the low-pressure cylinder. 
To Find the Index of the Ourve of an Air-diagram.— 

If P,V, be pressure and volume at one point on the curve, and PV the pres. 


H ie Vy\% . - x P 
| sure and volume at another point, then Poe (Z) , in which @ is the index 
 tobefound. Let P+ P, = R, and V,+ V=7; then R=r® log R= a logy, 
- whence a = log R+ log 7, ; 


De ee 
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Table for Adiabatic Compression or Expansion of Air, 
(roc. Inst. M.E., Jan, 1881, p. 123.) 


Absolute Pressure. Absolute Temperature. Volume. 


Ratio of | Ratio of Ratio of Ratio of Ratio of Ratio of 


Greater Less to Greater Less to Greater Less to 
Less. | Greater. to Less. Greater. to Less. Greater. 

(Expan- | (Compres- (Expan- (Compres- | (Compres- (Expan- 

sion.) sion.) sion.) sion.) sion.) sion.) 
1.2 * 1.054 -948 1.138 -879 
1.4 714 1.102 +907 1.270 vi 
1.6 625 1.146 873 1.396 716 
1.8 556 1,186 843 1.518 659 
2.0 -500 1.222 -818 1.636 611 
2.2 454 1.257 796 1.750 571 
2.4 417 1.289 -T76 1.862 537 
2.6 885 1.319 -758 1.971 507 
2.8 «857 1.348 +742 2.077 -481 
3.0 +333 1.375 127 2.182 458 
3.2 .312 1.401 714 2.284 -438 
3.4 294 1.426 «701 2.384 -419 
3.6 278 1.450 690 2.483 403 
3.8 2263 1.473 679 2.580 388 
4.0 250 1.495 .669 2.676 -87- 
4.2 2288 1.516 160 2.770 +361 
4.4 3227 1.537 -651 2.863 -349 
4.6 217 1.557 642 2.955 338 
4.8 208 1.576 635 8.046 «328 
5.0 200 1.595 627 3.1385 .319 
6.0 -167 1.681 595 8 569 280 
7.0 «143 1.758 569 3.981 -251 
8.0 0125 1.828 547 4.377 «228 
9.0 111 1.891 529 4.759 -210 
10.0 -100 1.950 513 5.129 195 
E. ee 


Te 
Gauge- | Adiabatic Isothermal Gauge- | Adiabatic Isothermal 
pressure.|Compression.}|Compression ressure.|Compression.!Compression, 


x | 44 43 45 13.95 12.62 
2 -96 -95 50 15.05 13.48 
3 1.41 1.4 15.98 14.3 
4 1.86 1.84 60 16.89 15.05 
5 2.26 2.22 65 17.88 15.76 
10 4.26 4.14 70 18.74 16.43 
15 5.99 5.7 75 19.54 17.09 5 
20 7.58 7.2 80 20.5 Mie ‘ 
25 9.05 8.49 85 21.22 18.3 
30 10.39 9.66 90 22. 18.87 
85 11.59 10.72 95 22.77 19.4 
40 12.8 11.7 100 23.43 19.92 
poe OE EL ee? 
The mean effective pressure for compression only is always lower than 


the mean effective pressure for the whole work- 


power re 
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Air-compressors. Rand Drill Co. 


RAND-CORLISS, CLASS ‘‘ BB-3”? (COMPOUND||CLASS “ E” (STRAIGHT: 
STEAM, CONDENSING; COMPOUND AIR). LINE, BELT-DRIVEN). 
FOR STEAM-PRESSURE OF 125 LBS. AND TERMINAL||FOR TERMINAL PRESSURES 

AIR-PRESSURES oF 80 AND 100 LBs, oF 80 AND 100 LBS.PER SQ. IN. 
5 a * ||28 ir-Cyl-| ¢ i- 
54 ..|cylinder Diameters, Ins. = S |jOd 5 mes & rad a 
208 a] 8 E llco2 3 eit eae 
BOs | is we |l7 Pe Inches. | 4 | H.P. 
bea La oO Om ||>e 8 “| © | Air- 
wg | Steam Air. oS Bin] eS een 5 | fe 3 
Ses . 3S one a . | pres 
3° ef eo 1 Se Na Cre Weel aa |e 
g= Slh.p.|ip.|bp.| ip (2 | §.\3o lsesl2| 816 lee 
Salon ome Meee nella Montes Ci fos GC ea Hebel | reales oe 
670 | 10 18 103 | 17 | 30) 85 102 97 | 8 | 12] 140) 17 
1196 | 12 22 13 21 | 36] 83 182 165 | 10 | 14] 130) 29 
1562 | 14 26 15 24 | 36) 88 238 251} 12/16 | 120) 45 
1650 | 14 26 15 24 | 42) 75 252 392 | 14 | 22 100} 69 
1920 | 16 30 173 | 28 | 86) %5 293 527 | 16 | 24] 95} 94 
2242 | 16 30 173 | 28 | 42] 7% 342 683 | 173] 24] 95] 112 
2395 | 16 30 1% | 28 | 48] 70 865 
2520 | 18 34 20 82 | 386] 75 384 
2897 | 18 34 20 82 1-42) 7 442 
3128 18 34 20 32 48 t 475 
3960 | 20 38 223 | 86 | 48] 70 604 
4100 | 22 40 24 388 | 48) 65 625 


pe 5 Hoh seen Ss ee 
In the first four sizes (Class ‘‘ BB-3”’) the air-cylinders have poppet inlet 
and outlet valves; in the next six the low-pressure air-cylinders have me- 
chanical inlet-valves and poppet outlet-valves; and in the last six the low- 
pressure air-cyliuders have Corliss inlet-valves and poppet outlet-valves, 
All high-pressure air-cylinders have poppet inlet and outlet valves. 
* Terminal air-pressure at 8@ pounds, 


CLASS “ B-2”” (DUPLEX STEAM, NON-|/CLASS “CG” (STRAIGHT-LINE, 


CONDENSING, COMPOUND AIR). STEAM-DRIVEN), 
FOR STHAM- AND TERMINAL AIR-PRESSURES|| FOR STHAM- AND TRRMINAL AIR- 
oF 80 anp 100 LBs. PRESSURES OF 100 LBS. PER SQ. IN, 
re Bio + 
55 Cylinder Diam- ; na eset Cyl. 7 B 
ae 6| eters, Inches, e a | a Bs oe i sees eq £ 
“© LOO | ea OS ns ° 
Beal. | Airey, |4] & [os Gsl|bee Als | 38 
geetea | o Paglgeelal (| (ae 
Be cleeS np ip. {| & lessees} si. |e] & 3s 
OMe? © mo] om oases /41a!] 2/5 
220 8 Th | 12 12 | 140 35 97 | 8 | -8 | 12] 140 20 
3800 9 9 14 12 | 140 47 165 | 10 | 10 | 14 180 35 
893 | 10 93 15 | 16 | 120 62 251 | 12 | 12 | 16 | 120 52 
565 11 18 | 16 | 120 89 392 | 14 | 14 | 22] 100 82 
770 | 14 13 21 16 | 120 | 121 527 | 1 16 | 24) 95 | 110 
2 13 21 22 | 100 139 671 | 18 | 18 | 24] 95 140 
1162 | 16 16 24 | 22] 100 | 182 950 | 20 | 20] 80] 87 | 200 
1812 18 173 28 380 | 85 | 285 1335 | 24 | 241801 85 | 280 
ace | 99 | 19 | 20 | 33] 8 | 8% ||” Ailair-cylinaers have poppet 
2848 | 99 at 33 1481 60 | 446, inlet and outlet valves. 


The first six sizes (Class ‘‘ B-2”’) have both air-cylinders fitted with Tepper 
valves (inlet and discharge). The last four have low-pressure air-cylinders 
fitted with mechanical inlet-valve; high-pressure air-cylinders fitted with 
poppet inlet and discharge valves. - 


~ 


STANDARD AIR COMPRESSORS. 
(The Ingersoll-Sergeant Drill Co., New York City.) 
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Diam. of Cyl. 2 lea aS = 
SEES Gnmmeeeeeee q 49) £5 Space ie 
Steam.| Air, Pei ae a Occupied. E 
Class ae Mae BIEL) xe } 
a 3 | & ae! EA ie 
pe. a : -|[id|3]4 |e; # 7) 
: mle] El) co} lag! 8 : & 
seek Oia ees 8 SEM Gri og Length.} Width. S 
HlHalal/Hlalea ldo) & 2 is] 
10 1014]....] 12 | 160] 177] 50-100 | 10” 2” | 37 07 | 95-85 
ae 12 12341. 14 | 155] 285) 50-100 | 12 6 | 3 9 | 40-56 
Straiont-| 14] --/1434]....] 18 | 120] 882) 50-100] 15 3 | 4 3 50-76 
line, 16 1634}...,| 18 | 120} 498) 50-100] 15 8 | 4 3 66-100 
Steam. | 18 1814|...,] 24] 94] 657| 50-100} 19 1 | 5 3 86-131 
Aviva: (20 2014! ...| 24] 94] 809) 50-100] 19 1 | 5 3 | 113-160 
> | 99 2214) ...| 24 | 94) 960] 50-100] 19 1 | 5 38 | 126-192 
24 2414) ....| 80 | 80/1225] 50-100 | 22 0 | 6 0. | 160-245 
B. Straight-line, belt-driven, Same as 4 in sizes up to 16 x 1614 < 18 ins. 
C+ |10}6)---- 576] 100 ‘| 81” 07) 10’ 67) 115 
ek a Bae 2/1346] 100 | 86 6 | 12 6 274 
Onrlics [20 239/ 100 | 4t 0 | 12 6 454 
sea | ee ae Lie S| ee 
Duplex air.|g9. |"""" 6717} 100 | 60 0 | 19 6 1375 
Op. _ 11046] 18 615] 100 | 39 6 [140 | 97 
Compound {14° “| 26 1306] 100 | 43 0 | 14 6 225 
Corliss [16 | 30 1668} 100 149 6 | 15 6 984 
steam, |18 | 34 137; 100 | 55 6 | 15 6 367 
Compound |22 | 40 3515} 100 |56 6 | 18 6 604 
air.t |24 | 44 3850} 100 |58 0 | 19 6 664 
ad es gs} 50-80| 6 8 | 22 | 4-634 
oak Re 150} 69] 50-S0]| 6 8 95 | 984-13 
Meniohi (0 134] 50-80 | 7 10 80 | 1834-25 
nig: 12 237] 50-80 | 8 6 80 | 8314-44 
Pe) 415] 15-40 | 10 10 85 | 2434-50 
BE. Belt-driven, Same as Fin sizes up to 1444 diam. by 10 ins. stroke, 
G. veee/10 |... (1024) 12°| 160) 354) 100 | 14” 67 | 77 07 15 
Steam- |..../12 - «/1244] 14 | 155) 57 100 16 6 9 0 121 
actuated, |..../14 |..../1414] 18 | 120] 764} 100 | 20 0 | 10 0 163 
duplex |..../16 |....|1614} 18 | 120] 996] 100 | 20 0 | 10 0 212 
rhalf |... [18 |....}1814] 24] 94/1314] 100 |25 6 | 11 6 280 
duplex. |... /20 |....|20%4| 24] 94/1618} 100 | 25 6 | 12 0 844 
G. __|10 |16x4|....|1014| 12 | 160! 446] €0-100|16 3 | 7 8 | viceo. 
Duplex st.,}16 |2414|....|154| 18 | 1201130] 80-100 | 23 0 | 10 0 | 180-203 
comp. air. |20 |3044]..../1814] 24 | 100/1963} 100 | 80 0 | 12 0 3 
G. 10 |17 [14441 984! 12 | 460] 344) 60-100) 16 8 | 7 6 | Gece 
Comp. st., [16 |26 224 1444| 18 | 120| 950] 80-100} 23 0 | 10 0 | 152-171 
comp. air. |20 |32 2814 1744} 24 | 10/1710] 80-100 |} 80 0 | 12 0 | 274-308 
Be |: 8 1.4 [o8 | 160) 1881 G10 | 8 6) a Oh ane 
Duplex st.,}....|10 |....110 | 10] 150] 268} 70-100] 10 0 | 4 9 | 43-54 
duplex air.|,...|12 12 | 12] 150] 474} 80-100] 11 8 | 510 | 83-95 
H. |..../8 |14 |9 | 8| 160] atc! 8o-100| 8 @ | 5 8 | eoc88 
Duplex st.,|....|10 |16 |10 | 10 | 150] 342] 80-100] 10 2 | 5 9 52-58 
comp. air.!..../12 {18 |12 | 12 | 150! 519} 80-100 | 11 10 6 9 78-88 


J. Belted duplex or compound. 8 to 98 H.P.; 56 to 1059 cu. ft. per m. 


* Classes A. C, G, and H are also built in intermediate sizes for lower 
ressures. + Furnished either duplex or half duplex. + Most economical 
orm of compressor. Compound air-cylinders are two-stage. § Self-con- 
tained steam-compressor, 
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Oubic Feet of Free Air Required to Run trom One to 
Forty eneies with 60 lbs, Pressure, (Ingersoll-Sergeant 
Drill Co. 


For 75 Ibs. Pressure add 1/5. For 90 lbs. add 2/5. 


CoaL- 


ROcK-DRILLs. CUTTERS. 


woot{|al]pilolp|eztlrle 
Machines} 2 in. |2}4in./234in.| 3 in. 3}4in./3}6in./414in.| 5in. | 314in.| 4 in 


eas 
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OCompressed-air Table for Pumping Plants, 
(Ingersoll-Sergeant Drill Co.) 
For the convenience of engineers and others figuring on pumping plants 
to be operated by compressed air, we Subjoin a table by which the pressure 
and volume of air required for any size pump can be readily ascertained. 


Reasonable allowances have been made for loss due to clearances in pump 
and friction in pipe. 


Ratio of Perpendicular Height, gan sh which the Water is to be 
Diam- 
eters. 


25 | 50 | 75 | 100] 3125 | 150] 175) 200 | 250! 800] 400 


e 13.75/27.5 |41.25/55.0 |68.25 |82.5 96.25/110.0 


1 to14 A 
B | 0.21] 0.45] 0.60] 0.75] 0.89 | 1.04] 1.20] 1/34 
sygtors| Alo 12.22/18.33/24.44/30.83 |36.66| 42'76| 48-88\ 61.11173.32197.66 
74 %01) 1B |"°'".] 0.65] 0.80] 0.95| 1.09 | 1.24] 1.99] “desl seal oraeleoreo 
194 to 14 | A}---+-|--++-18-75]19:8 |22°8 |e7'5 |82'1 | 36/66] 45.83/55.0 73.33 
A Bike -++.] 0.94] 1.14] 1.24 | 1130] 1154] 1769] 1.99/ 2/391 9.98 
ees | Als... 18.75]17.19 |20.63] 24.06] 27.5 |34.28/41. 25/55, 
VB fe. Stier 1.28] 1.37 | 1:52] 1-60] 1:81] 2.11 2.40] 2.98 
ier cosee[ecces ones [18.75 [16/5 |19.95] 9270 [075 [93:0 144. 
m4 tory) S| o2-c fcc: Pee aes 1.533] 1.68] 1.83) 1.97] 2/96] 2.56] 3.15 
Bh Shel ---- Spa ea Fan Fa 13.2 15.4 | 17.6 |22.0 |e6.4 [35.2 
7s | 9 RR IRs ee 1.79| 1.98! 2106] 2:34| 2762] 3.18 


A = air-pressure *t pump. B = cubic feet of free air per gallon of water. 
To find the amount of air and pressure required to pump a given quantity 
of water a given height, find the ratio of diameters between water and air 
cylinders, and multiply the number of gallons of water by the figure found 
in the column for the requireé lift. The result is the number of cubic feet 
of free air. The pressure required on the pump will be found directly above 
inthe same column. For example. The ratio between cylinders being 2 to 
1, required to pump 100 gallons, height of lift 250 feet. We find under 250 
feet at ratio 2 to 1 the figures 2.11; 2.1. Y 100 = 211 cubic feet of free air. 
The pressure required is 34,88 pounds, 
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Compressed-air Table for Hoisting-engines, 
. (Ingersoll-Sergeant Drill Co.) 


The following table gives an approximate idea of the volume of free air 
required for operating hoisting-engines, the air being delivered at 60 lbs. 
‘auge-pressure. There are so many variable conditions to the operation of 
1oisting-engines in common use that accurate computations can only be 
offered when fixed data are given. In the table the engine is assumed to 
actually run but one-half of the time for hoisting, while the compressor, of 
course, runs continuously. If the engine runs less than one-half the time, 
as it usually does, the volume of air required will be proportionately less,. 
‘ and vice versa. The table is computed for maximum loads, which also in 
practice may vary widely. From the intermittent character of the work ot/ 
a hoisting-engine the parts are able to resume their normal temperature , 
between the hoists, and there is little probability of the annoyance of freez-! 
ing up the exhaust-passages. é 


VOLUME OF FREE AIR REQUIRED FOR OPERATING HOISTING- 
ENGINES, THE AIR COMPRESSED TO 60 POUNDS GAUGE. 
PRESSURE. 

SINGLE-CYLINDER HOISTING-ENGINE. 


Diam. of! giroke. | Revolu- | Normal | Actual Pe Cubic Ft. 
Cylinder,| Tiches” |tions per} Horse- | Horse- Single |0f Free Air 
Inches. * | Minute. power. power. Rope. Required. 
5 6 200 3 5.9 600 7 
5 8 160 4 6.3 1,000 80 
614 8 160 6 9.9 1,500 125 
7 10 125 10 12.1 2,000 151 
84 10 125 15 16.8 3,000 170 
81g 12 110 20 18.9 5,000 238 
10 12 110 25 26.2 6,090 330 
DOUBLE-CYLINDER HOIsSTING-ENGINE, 

5 6 200 6 11.8 1,000 150 
5 8 160 8 12.6 1,650 160 
614 8 160 12 19.8 2,500 250 
q 10 125 20 24.2 3,500 302 
84 |; 10 125 30 33.6 6,000 340 
Big 12 110 40 37.8 8,000 476 
10 12 110 50 52.4 10,000 660 
1214 15 100 (6) BOF a fieiere sisicie 1,125 
1 8 90 100 125. in aise wisieiele 1,587 


Practical Results with Compressed Air.—Compressed-air 
System at the Chapin Mines, Iron Mountain, Mich.—These mines are three 
miles from the falls which supply the power. There are four turbines at the 
falls, one of 1000 horse-power and three of 900 horse-power each. The press- 
ure is 60 pounds at 60° Fahr, Each turbine runs a pair of compressors. 
‘The pipe to the mines is 24 ins. diameter. The power is applied at the mines 
to Corliss engines, running pumps, hoists, etc., and direct to rock-drills, 

A test made in 1888 gave 1430.27 H.P. at the compressors, and 390.17 H.P. 
as the sum of the horse-power of the engines at the mines. Therefore, only 
27% of the power generated was recovered at the mines. This includes the 
loss due to leakage and the loss of energy in heat, but not the friction in the 
engines or compressors, (F. A. Pocock, Trans. A. I. M. E., 1890.) 

‘W. L. Saunders (Jour. F’. I, 1892) says: “There is not a properly designed 
compressed-air installation in operation to-day that loses over 5% by trans- 
mission alone. ‘The question is altogether one of the size of pipe; and if the 
pipe is large enough, the friction loss is a small item. 

“The loss of power in common practice, where compressed air is used to 
drive machinery in mines and tunnels, is about 70%. In the best practice, 
with the best air-compressors, and without reheating, the loss is about 60%. 
These losses may be reduced to a point as low as 20¢ by combining the best 
systems of reheating with the best air-compressors,” ; 
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Gain due to Reheating.—Prof. Kennedy says compressed-air 
transmission system is now being carried on, on a large commercial scale, 
in such a fashion that a small motor four miles away from the central sta- 
tion can indicate in round numbers 10 horse-power, for 20 horse-power at 
the station itself, allowing for the value of the coke used in heating the air. 

The limit to successful reheating lies in the fact that air-engines canuct 
work to advantage at temperatures over 350°, 

The efficiency of the common system_of reheating is shown by the re« 
sults obtained with the Popp system in Paris. Air is admitted to the re- 
heater at about 83°, and passes to the engive at about 815°, thus being in- 
‘creased in volume about 42%. The air used in Paris is about 11 cubie feet of 
free air per minute per horse-power. The ordinary practice in America 
with cold air is from 15 to 25 cubic feet per minute per horse-power. When 
the Paris engines were worked without reheating the air consumption was 
increased to about 15 cubic feet per horse-power per minute. The amount 
of fuel consumed during reheating is trifling. : 

Efficiency of Compressed=air Engines.—The efficiency of an 
air-engine, that is, the percentage which the power given out by the air-en- 
gine bears to that required to compress the air in the compressor, depends 
on the loss by friction in the pipes, valves, etc., as well as in the engine itself, 
This question is treated at length in the catalogue of the Norwalk Iron Works 
Co., from which the following is condensed. As the friction increases the 
most economical pressure increases. In fact, for any given friction in a 
five, the pressure at the compressor must not be carried below a certain 

imit. The following table gives the lowest pressures which should be used. 
atthe compressor with varying amounts of friction in the pipe: 


Friction, lbs. .... ‘ear 2.9 58 88 11.7 14.7 17.6 20.5 23.5 26.4 29.4 
Lbs. at Compressor... 20,5 29.4 882 47. 52.8 61.7 70.5 76.4 823 $82 
Efficiency %........... 70.9 64.5 60.6 57.9 55.7 54.0 52.5 51.3 50.2 49.2 


An increase of pressure will decrease the bulk of air passing the pipe and 
its velocity. This will decrease the loss by friction, but we subject ourselves 
to a new loss, 7.¢. the diminishing efficiencies of increasing pressures. Yet as 
each cubic foot of air is at a higher pressure and therefore carries more 

ower, we will not need as many cubic feet as before, for the same work. 

ith so many sources of gain or loss, the question of selecting the proper 
pressure is not to be decided hastily. 

The losses are, first, friction of the compressor. This will amount ordinarily 
to 15 or 20 per cent, and cannot probably be reduced below 10 per cent. 
Second, the loss occasioned by pumping the air of the engine-room, rather 
than the air drawn from acooler place. This loss varies with the season and. 
amounts from 3 to 10 percent. This can all be saved. The third loss, or series 
of losses, arises in the compressing cylinder, viz., insufficient supply. difficult 
discharge, defective cooling arrangements, poor lubrication, ete. The fourth 
loss is found in the pipe. This loss varies with the situation, and is Subject 
to somewhat complex influences. The fifth loss is chargeable to fall of 
temperature in the cylinder of the air-engine. Losses arising from leaks 
are often serious. 

Effect of Temperature of Intake upon the Discharge ofa 
Compressor.—Air should be drawn from outside the engine-room, and 
from as Coo] a place as possible, The gain amounts to one per cent for every 
five degrees that the air is taken in lower than the temperature of the engine- 
toom. The inlet conduit should have an area at least 50% of the area of the 
piEpievon, and should be made of wood, brick, or other non-conductor of 

eat. : : 

Discharge of a compressor having an intake capacity of 1000 cubic feet 
per minute, and volumes of the discharge reduced to cubic feet at atmos: 
pheric pressure and at temperature of 62 degrees Fahrenheit: 


Temperature of Intake, F.........:.,... 02 32° 62° %5e 80° 90° 100° 110° 
Relative volume discharged, cubie ft... 1135 1060 1000 975 966 949 932 16 


Requirements of Rock-drills Driven by Oomp 
Air. fh orwalk Iron Works Co.)—The speed of the aru, the Oise ot 
air, and the nature of the rock affect the consumption of power of drills. 

A three-inch drill using air at 30 lbs. pressure made 300 viows per minute 
and consumed the equivalent of 64 cubic feet of free air per minute. The 
same drill, with air of 58 Ibs. pressure, made 450 blows per minute and 
consumed 160 cubic feet of free air per minute. At Hell Gate different 
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parebined doing the same work used from 80 to 150 cubic feet free air per 
minute, 

An average consumption may be taken generally from 80 to 100 cubic feet 
per minute, according to the nature of the work. 

The Popp Compressed-air System im Paris.—A most exten- 
sive system of distribution of power by means of cumpressed air is that of 
M. Popp, in Paris. One of the central stations is laid out for 24,000 horse- 
power, For a very sompicie description of the system, see Engineering, 
Feb. 15, June 7, 21, and 28, 1889, and March i3 and 2), April 10, and May 1, 
1891. Also Proc, Inst. M. E., July, 1889, A condensed description wil) be 
found in Modern Mechanism, p. 12. : 

Utilization of Compressed Air im Small Motors,—in the 
earliest stagés of the Popp system in Paris it was recognized that no good 
results could be obtained if the air were allowed to expand direct into the 
motor; not only did the formation of ice due to the expansion of the air 
rapidly accumulate and choke the exhaust, but the percentage of tiseful 
work obtained, compared with that put into the air at the central station, 
was so Small as to render commercial results hopeless, 

After a number of experiments M. Popp adopted # simple form of east- 
iron stove lined with fire-clay, heated either by a gas jet or by a small éoke 
fire. This apparatits answered the desired purpose wntil some better ar- 
rangement was perfected, and the type was accordingly adopted through: 
out the whole system, The economy resulting from the use oF an improved 
form was very marked, as will be seen from the following table, 


4 EFFICIENCY OF AIR-HEATING STovrs. 


Cast-iron Box RAE 
Stoves. Mibes. 


Heating surface, sq. ft.... 
Air heated per hour, cu. ft.... 


‘emp. of air admitted to oven 
a 5 


BO dexit. Gee. We yao: vides Crane 3 8 
Total heat absorbed per hour, calories 7, ; 89,200 
Do. per sq. ft. of heating surface per hour, cals 1,278 1,228 880 
MO sper lp: GL GK sc orscsuaee boee ee een ea at ae 2.032 2.058 9,545 


The results given in this table were obtained from a large numbet' of 
trials. From these trials it was found that more than 70% of the total num- 
ber of calories in the fuel employed was absorbed by fhe ait‘ and trans: 
formed into useful work. Whether gas or coal be employed as (he fuel, the 
amount required is so small as to be scarcely worth consideration; aceord= 
ing to the experiments carried out it does not extéed 0.2 Ib. per 
horse-power per hour, but it is searcely to be expected that in regular pra¢- 
tice this quantity is not largely exceeded. The efficiency of fuel éonsumed 
in this way is at least six times greater than when utilized in a boiler and 
steam-engine. 

According to Prof. Riedler, from 15% to 20% above the power at the central 

station can be obtained by means at the disposal of the power user's, and it 
has been shown by experiment that by heating the air to 480° F, an in- 
creased efficiency of 30% can be obtained. . 

A large number of motor's in use among thesubscribers to the Compressed 
Air Company of Paris are rotary engines developing 1 horse-power and 
less, and these in the early times of the industry were very extravagant in 
their consumption. Small rotary engines, working cold air without expan- 
sion, used as high as 2330 cu. ft. of air per brake horse-power per 
hour, and with heated air 1624 cu. ft. Working expansively, a 1 hor'se- 
power rotary engine used 1469 cu. ft, of cold air, or 960 cu, ft. of heated air, 
and a 2-horse-power rotary engine 1059 cu. ft. of cold air, or 847 cu. ft, of air, 
heated to about 50° C, - 

The efficiency of this type of rotary motors, with air heated to 50° C., may 
now be assumed at 43%. With such an efficiency the use of small motors in 
many industries becomes possible, while in Gases where it is necessary to 
have a constant supply of cold air economy ceases to be a matter of the first 
importance. 

Tests of a small Riedinger rotary engine, used for driving sewing-machiies 
and indicating about 0.1 H.P, showed an air-consumption of 1377 cu, ft, per 
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H P. per hour when the initial pressure of the air was 86 lbs. per sq. in. and 
its temperature 54° F., and 988 cu. ft. when the air was heated to 338° F., its 
pressure being 72° lbs. With a one-half horse-power variable-expansionm 
rotary engine the air-consumption was from 800 to 900 cu. ft. per H.P. per 
hour for initial pressures of 54 to 85 Ibs. per sq. in. with the air heated from 
836° to 388° F., and 1148 cu. ft. with cold air, 46° F., and an initial pressure 
of 721bs, The volumes of air were all taken at atmospheric pressure. 

Trials made with an old single-cylinder §0-horse-power Farcot steam-en, 
gine, indicating 72 horse-power, gave a consumption of air per brake horse- 
power as low as 465 cu. ft. per hour. The temperature of admission was 

20° F., and of exhaust 95° F’. 

Prof. Elliott gives the following as typical results of efficiency for various 

Systems of compressors and air-motors: 


Simple compressor and simple motor, efficiency ... «ee. 89.19 

Compound compressor and simple motor, ‘ © ......c..s00.0. 44.9 
sr it “* compound motor, efficiency....... 50.7 

Triple compressor and triple motor, = Sas le 570 


The efficiency is the ratio of the indicated horse-power in the motor eylin- 
ders to the indicated horse-power in the steam-cylinders of the compressor. 
‘The pressure assumed is 6 atmospheres absolute, and the losses are equal 
to those found in Paris over a distance of 4 miles, 


Summary of Efficiencies of Compressed=air Transmission 
at Paris, between the Contral Station at St. Fargeau and 
a 10-horse-power Motor Working with Pressure Re- 
duced to 444 Atmospheres. 


(The figures below correspond co mean results of two experiments cold and 
two heated.) 


1 indicated horse-power at central station gives 0.845 indicated horse-power 
in compressors, and corresponds to the compression of 348 cubic feet of air 
per hour from atmospheric pressure to 6 atmospheres absolute. (The weight 
of this air is about 25 pounds.) 

0.845 indicated horse-power in compressors delivers as much air as will do 
0.52 indicated horse-power in adiabatic expansion after it has fallen in tem- 
perature to the normal temperature of the mains, 

The fall of pressure in mains between central station and Paris (say 5 kilo- 
metres) reduces the possibility of work from 0.52 to 0.51 indicated horse- 

ower. 

The further fall of pressure through the reducing valve to 4144 atmospheres 
{absolute) reduces the possibility of work from 0,51 to 0.50. 

Incomplete expansion, wire-drawing, and other such causes reduce the 
actual indicated horse-power of the motor from 0.50 to 0.39. 

By heating the air before it enters the motor to about 320° F., the actuat 
indicated horse-power at the motor is, however, increased to 0.54, The ratio 
of gain by heating the air is, therefore, 0.54 -— 0.89 = 1.88. 

In this plocess additional heat is supplied by the combustion of about 0,39 
pounds of coke per indioated horse-power per hour, and if this be taken into 
account, the real indicated efficiency of the whole process becomes 0.47 
instead of 0.54. ; 

i are wae cold air the work spent in driving the motor itself reduces 

| the available horse-power from 0.39 to 0.26, 

~ _ Working with heated air the work spent in driving the motoritself reduces 
the available horse-power from 0.54 to 0.44. 

A summary of the efficiencies is as follows: 

Efficiency of main engines 0.845. 

Efficiency of compressors 0.52 + 0.845 = 0,61, 

Efficiency of transmission through mains 0.51 + 0.52 = 0.98 

Efficiency of reducing valve 0,.50+- 0.51 = 0.98, 

The combined efficiency of the mains and reducing valve between 5 and 
416 atmospheres is thus 0.98 « 0.98 = 0.96. If the reduction had been to 4, 

, Or 3 atmospheres, the corresponding efficiencies would have been 0.93, 
0.89, and 0.85 respectively. 

Indicated efficiency of motor 0.39 -- 0,50 = 0.78. 

Indicated efficiency of whole process with cold air 0.39. Apparent indi- 
cated efficiency of whole process with heated air 0.54. 

Real indicated efficiency of whole process with heated air 0.47, 

_ Mechanical efficiency of motor, cold, 0.67, 
' Mechanical efficiency of motor, hot, 0.81, 
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Most of the compressed air in Paris is used for driving motors, but the 
work done by these is of the most varied kind. A list of motors driven from 
Bt. Fargeau station shows 225 installations, nearly all motors working at 
from }g horse-power to 50 horse-power, and the great majority of them more 
than two miles away from the station. The new station at Quai de la Gare 
is much larger than the one at St. Fargeau. Experiments on the Riedler 
air-compressors at Paris, made in December, 1891, to determine the ratio 
between the indicated work done by the air-pistons and the indicated work 
in the steam-cylinders, showed a ratio of 0.8997. Thecompressors are driven 
by four triple-expansion Corliss engines of 2000 horse-power each. 

Shops Operated by Compressed Air.—The Iron Age, March 2, 
1893, describes the shops of the Wuerpei Switch and Signal Co., Bast St. Louis, 
the machine tools of which are operated by compressed air, each of the 
larger tools having its own air engine, and the smaller tools being belted 
from shafting driven by an air engine. Power is supplied by a conipound 
compressor rated at 55 horse-power. The air engines are of the Kriebel 
make, rated from 2 to 8 horse-power. 

Pneumatic Postal Transmission.—A paper by A. Falkenau, 
Eng’rs Club of Philadelphia, April 1894, entitled the “First United States 
Pneumatic Postal System,” gives a description of the system used in London 
and Paris, and that recently introduced in Philadelphia between the main 
post-office and a substation. In London the tubes are 244 and 3 inch lead 
pipes laid in cast-iron pipes for protection. The carriers used in 24-inch 
tubes are but 114 inches diameter, the remaining space being taken up b 
Packie. Carriers are despatched singly. First, vacuum alone was use: 5 
ater, vacuum and compressed air, The tubes used in the Continental cities 
in Europe are wrought iron, the Paris tubes being 214 inches diameter. 
There the carriers are despatched in trains of six to ten, propelled by a 

iston. In Philadelphia the size of tube adopted is 61g inches, the tubes 
tase of cast iron bored to size. The lengths of the outgoing and return 
tubes are 2928 feet each. The pressure at the main station is 7 lbs., at the 
substation 4 lbs., and at the end of the return pipe atmospheric pressure. 
The compressor has two air-cylinders 18 X 24 in, Each carrier holds about 
200 letters, but 100 to 150 are taken as an average. Wight carriers may be 
despatched in a minute, giving a delivery of 48,000 to 72,000 letters per hour, 
The time required in transmission is about 57 seconds. 

Pneumatic postal transmission tubes were laid in 1898 by the Batcheller 
Pneumatic Tube Co. between the general post-offices in’ New York and 
Brooklyn, crossing the East River on the bridge. The tubes are cast iron, 
12-ft. lengths, bored to 8% in. diameter. The joints are bells, calked with 
lead and yarn. There are two tubes, one operating in each direction. Both 
lines are operated by air-pressure above the atmospheric pressure. One 
tube is operated by an air-compressor in the New York office and the other 
by one located in the Brooklyn office. 

The carriers are 24 in. long, in the form of a cylinder 7 in, in diameter, 
and are made of steel, with fibrous bearing-rings which fit the tube. Each 
carrier will contain about 600 ordinary letters, and they are despatched at 
intervals of 10 seconds in each direction, the time of transit between the two 
offices being 314 minutes, the carriers travelling at a speed of from 30 to 35 
miles per hour. 

The air-compressors were built by the Rand Drill Co. and the Ingersoll 
Sergeant Drill Co. The Rand Drill Go. compressor is of the duplex type 
and has two steam-cylinders 10 X 20 in. and two air-cylinders 24 x 20 in. 
delivering 1570 cu. ft. of free air per minute, at 75 revolutions, the power 
being about 50 H.P. Corliss valve-gear is on the steam-cylinders and the 
Rand mechanical valve-gear on the air-cylinders. 

The Ingersoll-Sergeant Drill Co. furnished two duplex Corliss air-com- 
pressors, with mechanically moved valves on air-cylinders, The steam- 
cylinders are 14 X 18 in. and the air-cylinders 2614 X 18 in. They are de- 
signed for 80 to 90 revs, per min. and to compress to 20 lbs. per sq. in. 

Another double line of pneumatic tubes has been laid between the main 
office and Postal Station H, Lexington Ave. and 44th St., in New York City. 
This line is about 344 miles in length. There are three intermediate stations: 
Third Ave. and 8th Sf., Madison Square, and Third Ave. and 28th St. The 
carriers can be so adjusted when they are put into the tube that they will 
traverse the line and be discharged automatically from the tube at the sta- 
tion for which they are intended. The tubes are of the same size as those 
of the Brooklyn line and are operated in a similar manner, The initial air- 
compression is about 12 to 15 lbs. On the Brooklyn line it is about 7 lbs, 
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There is also a tube system between the New York Post-office-and the 
Produce Exchange, For a very complete deseription of the system and its 
machinery see “ The Pneumatic Despatch Tube System,” by B. C, Batchel- 
ler J. B, Lippineott Co., Philadelphia, 1397, : : 

The Miekarski Compressed-air Tramway at Berne, 
Switzerland, (£ngyg News, April 20, 1893.)—The Mekarski system has 
been introduced in Berne, Switzerland, on a line about two miles long, with 
grades of 0.252 to 3.7% and 5.2%. The air is heated by passing it through 
superheated water at 330° F. it thus becomes saturated with steam, which 
subsequently partly condenses, its latent heat being absorbed by the ex- 
panding air. The pressure in the car reservoirs is 440 lbs, per <4 egy 

The engine is constructed like an ordinary steam tramway locomotive, 
and drives two coupled axles, the wheel-base being 5.2 ft. It has a pair of 
outside horizontal cylinders, 5.1 x 8.6 in.; four coupled wheels, 27.5 in. 
dsumeter. The total weight of the car including compressed air is 7.25 tons, 
and with 30 passengers, including the driver and conductor, about 9.5 tons, 

The authorized Ber is about 7 miles per hour, Taking the resistance 
due to the grooved rails and to curyes under unfavorable conditions at 30 
lbs. per ton of ear weight, the engine has to overcome on the steepest grade, 
5%, a total resistance of about 0.63 ton, and has to develep 25 HP. - At the 
maximum authorized working pressure in eylinders of 176 lbs. per sq. in. the 
motors can develop a tractive force of 0.64ton. This maximum is, there- 
fore, just sufficient to take the car up the 5.2% grade, while on the flatter 
sections of the line the working pressure does not exceed 73 to 147 lbs. per 

if ae Send has to be frequently used to increase the adhesion on the 2% to 

grades. 

Between the two car frames are suspended ten horizontal compressed-air 
storage-cylinders, varying in length according to the available space, but of 
uniform inside diameter of 17.7 in., Boerne 6 of riveted 0.27-in. sheet iron, 
and tested up to 588 Ibs, per sq. in, These cylinders have a collective 
capacity of 64.25 cu, ft., which, according to Mr. Mekarski’s estimate, 
should have been sufficient for a double trip, 434 miles. The iria] trips, 
however, showed this estimate to be inadequate, and two further small 
storage-cylinders had therefore to be added of 5.2 cu, ft, capacity each, 
bringing the total cubic contents of the 12 storage-cylinders per car up to 
75 cu. ft., divided into two groups, the working and the reserve battery, the 
former of 49 cu. ft, the latter of 26 cn. ft. capacity. 

From the results of six official trips, the pressure and the mean consump- 
tion of air during a double journey per motor car are as follows: 

Pressure of air in storage-cylinders at starting 440 lbs. per sq. in.: at end 
of up-journey 176 lbs,, reserve 260 lbs.; at end of down-journey 163 ibs., 
reserve - eg Consumption of air during up-journey 92 ibs., during down- 
journey 81 Ibs. ‘ 

The working experience of 1891 showed that the air consumption per 
motor car for a double journey was from 103 to 154 Ibs., mean 123 Ibs.. and 
per car mile from 28 to 42 lbs., mean 25 lbs, 

The principal advantages of the compressed-air system for urban and 
suburban tramway traffic as worked at Berne consist in the smoorh — 
and npiseless motion; in the absence of smoke, steam, or heat, of overhead 
or anderground conductors, of the more or less grinding motion of most 
eleviric cars, and of the jerky motion to which underground cable traction 

is subject, On all these proones the system has vindicated its claims as 
_ being preferable to any other so far known system of mechanical traction 
for street tramways. Its disadvantages, on the other hand, consist in the 
extremely delicate adjustment of the different parts of the system, in the 
comparatively small Pts Be air carried by one motor car, which necessi- 
tates the car returning to depot for refilling after a run of only four 
miles or 40 minutes, although on the Nogent and Paris lines the cars, 
which are, moreover, larger, and carry outside passengers on the top, 
run seven miles,and the loading pressure is 547 1bs. per sq. in. as against 
only 440 lbs. at Berne 

Longer distances in the same direction would involve either more power- 
ful motors, a larger number of storage-eylinders, and consequently heavier 
ears, or loading s:ations every four or seven miles; and in this respect the 

stem is manifestly inferior to electric traction, which easily admits of a 

¢ of 10 to 15 miles in length being continuously fed from one central 
station without the joss of time and expense caused by reloading. 

The cost of working the Berne line is compared in the annexed table 
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FANS AND BLOWERS. 


Centrifugal Fams,—The ordinary centrifugsl fan consists of a aum- 
eee See, Seren Akt eR RR The width 
of the blade is paraliei to the axis of the shaft. Most enzimeers* 
beoks quote the exmeriments of W. Buckie, Pre. inst. ME. 847, as Si 
Saedard_ Mr. Buckie’s conclesiens are given below, together with dats of 
mnoce recast experimen. 
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ratio of I fo LET to tbe velocity of heel af the Sinch blade. ‘the 
longer blades appruschieg nearer centre, sirikes the air with lees velo. 
ety, and allows B te enter om the blade with freaicta, and with 
eoasiderably Iess fares than the Shorter The inference is, thst the 
Short Made must take mere power af the same time that # acenmuintes a 
hess ef ait. These oS te the conclusies thaf the 

of the vane demands @s great a consiieration as the proper 
- @iameter of the inlet cpening. Were mo other ohject in Wiew, & 
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would be useless to make the vanes of the fan of a greater width than the 
inlet opening can freely supply. On the proportion of the length and width 
of the vane and the diameter of the inlet opening rest the three most im- 
portant points, viz., quantity and density of air, and expenditure of power. 

In the 14-inch blade the tip has a velocity 2.6 times greater than the 
heel; and, by the laws of Gera TS ee force, the air will have a density 2.6 
times greater at the tip of the blade than that at the heel. The air cannot 
enter on the heel with a density higher than that of the atmosphere; but in 
its passage along the vane it becomes compressed in proportion to its 
centrifugal force. The greater the length of the vane, the greater will be 
the difference of the centrifugal foree between the heel and the tip of the 
blade; consequently the greater the density of the air. 

Hessonicg rom these experiments, Mr. Buckle recommends for easy ref- 
erence the following proportions for the construction of the fan: 

1. Let the width of the vanes be one fourth of the diameter; 2. Let the 
diameter of the inlet openings in the sides of the fan-chest be one half the 
diameter of the fan; 8. Let the length of the vanes be one fourth of the 
diameter of the fan. 

In adopting this mode of construction, the area of the inlet openings in 
the sides of the fan-chest will be the same as the circumference of the heel 
of the blade, multiplied by its width; or the same area as the space 
described by the heel of the blade. 


Best Proportions of Fans, (Buckle.) 


PRESSURE FROM 8 OUNCES TO 6 OUNCES PER SQUARE INCH; OR 5.2 INCHES 
To 10.4 INCHES OF WATER. ' 


Diameter Diameter 
Diameter Vanes. of Inlet § Diameter Vance of Inlet 
CO SUVA ey Ee ee ee Open- ofan) | ss ey Open- 
Width, |Length.| ings. Width. |Length.| ings, 


ft. ins. |ft. ins.|ft. ins.| ft. ins, ft. ins. | ft. ins. | ft. ins.| £t. ins. 


Bh Oi | OV oO Dalton 4 6 {1 14/1 1% 2 8 
3 6 | 0 10% 0 10%) 1 9 BOS te28 | 1 ase oie 
40)10)1 012 0 Cee ie Wagan begets at 


PRESSURE FROM 6 OUNCES To 9 OUNCES PER SQUARE INCH, AND UPWARDS, 
or 10.4 INcHES TO 15.6 INCHES OF WATER, 
ne el SE 


Riel) A Oss ted 4 6 |0 10411 41% 
ee ie 3 Byie0: i ilpa FOr aie 
94 1 84] 1 6 6 0 |1 2] 1-10 


The dimensions of the above tables are not laid down as prescribed limits, 
but as approximations obtained from the best results in practice. 

. Hxperiments were also made with reference to the admission of air into 
the transit or outlet pipe. By a slide the width of the opening into this pipe 
was varied from 12 to 4 inches. The object of this was to proportion the 
opening to the quantity of air required, and thereby to lessen the power 
necessary to drive the fan, It was found that the less this Opening is made, 
provided we produce sufficient blast, the less noise will proceed from the 
fan; and by making the tops of this opening level with the tips of the vane, 
the column of air has little or no reaction on the vanes. 

_ The number of blades may be 4or6. The case is made of the form of 
an arithmetical spiral, widening the space between the case and the revolvy- 
ot ee circumferentially, from the origin to the opening for discharge, 

e following rules deduced from experiments are given in Spretson’s 
treatise on Casting and Founding: 
The fan-case should be an arithmetical spiral to the extent of the depth 
of the blade at least. 
The diameter of the tips of the blades should be about double the diameter 
of the hole in the centre; the width to be about two thirds of the radius of 
the tips of the blades, The velocity of the tips of the blades should be rather 


3 0 
3 6 
4 0 


ooo 
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more than the velocity due to the air at the pressure required, say one 
eighth more velocity. 

n some cases, two fans mounted on one shaft would be more useful than 
one wide one, as in such an arrangement twice the area of inlet opening is 
obtained as compared with a single wide fan. Such an arrangement may 
be adopted where occasionally half the full quantity of air is required, as 
one of them may be put out of gear, thus saving power, 

Pressure due to Velocity of the Fan-blades.—“ By increas- 
ing the number of revolutions of the fan the head or pressure is increased, 
the law being that the total head produced is equal (in centrifugal fans) to 
twice the height due to the velocity of the extremities of the blades, or 


Hat approximatelyin practice’’ (W. P. Trowbridge, Trans. A. S. M. E., 


vii. 5386.) This law is analogous to that of the pressure of a jet striking a 
plane surface. T. Hawksley, Proc. Inst. M. E., 1882, vol. lxix.. says: ‘“‘The 
pressure of a fluid striking a plane surface perpendicularly and then escap- 
ing at right angles to its original path is that due to twice the height h due” 
the velocity.” i as 

(For discussion of this question, mead that it is an error to take the 
ote eee as equal to a column of air of the height h = v? + 2g, see Wolff on 

indmills, p. 17.) ‘ 

Buckle says: ‘* From the experiments it further appears that the velocity 
of the tips of the fan is ete to nine tenths of the velocity a body would 
acquire in falling the height of a homogeneous column of air equivalent to 
the density.” D. K. Clark (R. T. & D., p. 924), paraphrasing Buckle, appar- 
ently, says: ‘It further appears that the pressure generated at the circum: 
ference is one ninth greater than that which is due to the actual cireumfer- 
ential velocity of the fan.” The two statements, however, are not in 

v v' 
harmony, for ifv = 0.9 72gH, H= O81 x29" 1, and not 13 a 

If we take the pressure as that equal to a head or column of air of twice 
the height due the velocity, as is coe stated by Trowbridge, the para- 
doxical statements of Buckle and Clark—which would indicate that the 
actual pressure is greater than the theoretical—are explained, and the 


2 Se, 
formula becomes H= .617— and v = 1.278 /gH = 0.9 /2gH, in which H 


is the head of a column producing the pressure, which is equal to twice the 
theoretical head due the velocity of a falling body (or h= =), multiplied 


by the coefficient .617. The difference between 1 and this coefficient ex- 

presses the loss of pressure due to friction, to the fact that the inner por- 

tions of the blade have a smaller velocity than the outer edge, and probably 

to other causes. The coefficient 1.273 means that the tip of the blade must 

pe given a velocity 1.273 times that theoretically required to produce the 
ead H. , 

To convert the head H expressed in feet to pressure in Ibs, per sq. in. 
multiply it by the weight of a cubic foot of air at the pressure and tempera- 
ture of the air expelled from the fan (about .08 Ib. usually) and divide by 
144. Multiply this by 16 to obtain pressure in ounces per sq. in. or by 2.035 
to obtain inches of mercury, or by 27.71 to obtain pressure in inches of 
water column. Taking .08 as the weight of a cubic foot of air, 


p Ibs. persq.in. = .00001066v?; v = 810 4/p nearly; 
py ounces per sq. in. = .0001706v2; v= 80Vp, “ 
Pz inches of mercury = .00002169v2; v= 220 /p, “ 
pginches of water = .0002954v23} v= 60Vp, 


in which v = velocity of tips of blades in feet per second. 

Testing the above formula by the experiment of Buckle with the vane 
14 inches long, quoted above, we have p = .00001066v? = 9.56 oz. The ex- 
periment gave 9.4 oz. ° 

Testing it by the experiment of H. I. Snell, given below, in which the 
circumferential speed was about 150 ft. per second, we obtain 3.85 ounces, 
while the experiment gave from 2.38 to 3.50 ounces, according to the amount 
of opening for discharge. The numerical coefficients of the above formule 
are all based on Buckle’s statement that the velocity of the tips of the fan 
is equal to nine tenths of the velocity a body would acquire in falling the 


Lou il 
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height of a homogeneous column of air equivalent to the pressure, Should 
other experiments show a different law, the coefficients can be eorrected 
accordingly. It is probable that they will vary to some extent with differ- 
ent proportions of fans and different speeds. 

Taking the formula v = 80 4p, we have for different pressures in ounces 
per ered inch the following velocities of the tips of the blades in feet per 
second; 

P; = ounces per square inch.... 2 8 4 5 6 7% 8 10 12 -14 

v = feet per second....,....... 113 189 160 179 196 212 226 258 277 299 


Arule in App, Cyc. Mech, article “ Blowers,” gives the following velocities 
of circumference for different densities of blast in ounces; 3, 170; 4, 180; 5, 
195; 6, 205; 7, 215, 

The same article gives the following tables, the first of which shows that 
the density of blast is not constant for a given velocity, but depends on the 
ratio of area of nozzle to area of blades: 


Velocity of cireumference, feet per second. 150 150 150 170 200 200 220 

Area of nozzle + area of blades,........... 2 1%%4%'w1/ 

Density of blast, oz. per squareinch........ 1 2 8 4 4 6 6 
QuanTITY or Arr or A Given Densiry DeLiverep By A Fan. 


Total area of nozzles in square feet x velocity in feet per minute corre. 
sponding to density (see table) = air. delivered in cubie feet per minute, 


Density. . Density . Density, A 
guess’ Yeiciiiute’| ounces’ Velocity, feet) “Cunogs’ Velocity, feet 


inute, 
er sq. in, per sq. in. er sq. in, Per minu 
P 1 5000 5 11,000 E ¢ 15,000 
2 7000 6 12,250 10 15,800 
8 8600 va 13,200 1 16,500 
4 10,000 8 14,150 \ 12 17,800 


Experiments with Blowers, (Henry I, Snell, Trans, A. §, M. B. 
ix, 51,)—The following tables give yelocities of air discharging through an 
aperture of any size under the given pressures into the atmosphere. The 
volume discharged can be obtained by multiplying the area of discharge 
opening SE the velocity, and this product by. the coefficient of contraction: 
-65 for a thin plate and .93 when the orifice is a conical tube with a conver- 
gence of about 3.5 degrees, as determined by the experiments of Weisbach. 
_ The tables are calculated for a barometrical pressure of 14.69 lbs. (= 
235 oz.), and for a temperature of 50° Fahr., from the formula V = WV 2gh. 

Allowances have been made for the effect of the compression of the air, 
but none for the heating effect due to the compression, 

ie @ temperature of 50 degrees, a cubie foot of air weighs .078 Ibs., and 
ealling g = 32.1602, the above formula may be reduced to 


Vy = 60 4/31.5812 (285 + POOR 


where V7; = velocity in feet per minute, 
P = pressure above atmosphere, or the pressure shown by gauge, in oz 
per square inch, 


Corre- Velocity a“ Corre- 
Aaa sponding | due the Pressure Velocity due 


“ spondin 
¢|Pressure in/Pressure in f| Per 84, in, Preseave ta the Pressure 


in inches o 2 in inches of : in feet per 
water. Sopa aes foteee water. sen ete minute, 
1/32 01817 696,78 36340 3118.38 
ie 103634 987,66 st “43008 8416.64 
0726 1393.75 % 508% 3690.62 
16 10902 | 1707.00 1 "58140 8946.17 
114536 | 197130 14 7267 436262 
16 “18170 | 2204-10 is set 4836.06 
.20072 | 9788°74 2" 1/1628 5587.58 
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Press- | Velocity f Press- | Velocity | Press- | Velocity Velocity 
ure due the ure | due the ure | due the f Pressure | due the 
in oz, | Pressure] in oz. | Pressurel in oz. | Pressuref inoz, | Pressure 
ner sq. | in ft. perg per sq.| in ft. perf per sq.'in ft. per’ per sq, in,| in ft. per 
inch. } minute. f inch. | minute. | inch, | minute. minute. 
125 2,582 ff 2.95 7,787 9 5.50 | 12,259 11.00 | 17,534 
-50 3,658 2.50 8,213 6.00 12,817 12.00 18,350 
05 4,482 2.75 8,618 6.50 13.354 13,00 19,188 
1,00 5,178 3.00 9,006 7.00 13.873 14,00 |. 19,901 
1,25 5,792 3.50 9,739 7,50 14.374 15,00 20.641 
1,50 6,349 4.00 10,421 8.00 14,861 16.00 21,360 
1,75 6,861 4.50 11,065 9.00 15,795 
2,00 7,838 5.00 11,676 § 10.00 16,684 


Pressure in ounces] Velocity in feet } Pressure in ounces Velocity in feet per 


per square inch. per minute. per square inch. minute, 
01 516.90 06 1266.24 
02 722.64 07 1367.76 
083 895.26 08 1462.20 
04 1033.86 09 1550.70 
-05 1155.90 -10 1635.00 


Experiments on a Fan with Varying Discharge-opening. 
BRevolutions nearly constant, 


© ) ees Sb. | mode Lh 
oer le ps eau |EEG | By 
3 Sole gage 8 Se |g" e | a 
Be ea lee | ae | Sl edeigees | ee 
gf | ae | Se | ehs e Bye [Pg hes) ox 
Ba | 48 | Be zee & | a8 |g8sng) 23 
= D ee 3.2 EA So Be'O: gs so 8 
3° 3 oD 7) 5 cn OY a 
5 og | 8 Ba5 5 es | seeks god 
a 4 fs) > a 4 ] iar 
1519 0 38.50 0 80 Ey 1048 
147 6 3.50 406 1.15 853 1048 837 
1480 10 8.50 676 1.30 520 1048 496 
1471 20 8.50 1353 1.95 694 1048 66 
1485 28 3.50 1894 2.55 742 1048 709 
1485 36 3.40 2400 3.10 V4 1078 718 
1465 40 3.25 2605 3.30 790 1126 70 
1468 44 8.00 2752 3.55 775 1222 635 
1500 48 8.00 28002 8.80 790 1222 646 
1426 89.5 2.38 8972 4.80 827 1544 586 


The fan wheel was 23 inches in diameter, 65g inches wide at its periphery, 
and had an inlet of 1246 inches in diameter on either side, which was 

attially obstructed by the pulleys, which were 5 9/16 inches in diameter. It 
had eight blades, each of an area of 45,49 square inches, . in 

The discharge of air was through a conical tin tube with sides tapered at 
an angle of 344 degrees, The actual area of opening was 7% greater than 
given in the tables, to compensate for the vena contracta. 

Tn the last experiment, 89.5 sq. in. represents the actual area of the mouth 
of the blower less a deduction for a narrow strip of wood placed across it for 
the purpose of holding the pressure-gauge. In calculating the volume of air 
discharged in the last experiment the value of vena contracta is taken at .80, 
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Experi ments were undertaken for the purpose of showing the results cb- 
tained by running the same fan at different speeds with the discharge-open- 
ing the same throughout the series. 

The discharge-pipe was a conical tube 814 inches inside diameter at the 
end, haying an area of 56.74, which is 74 Jarger than 53 sq. inches ; therefore 
58 square inches, equal to .868 square feet. is called the area of discharge, as 
that is the practical area by which the volume of air is computed. 

Experiments on a Fan with Constant Discharge-open= 
ang and Varying Speed.—The first four columns are given by Mr. 
Snell, the others are calculated by the author. " 


a = S83 [es |4lee] 54 o |e 
g |e af |22,.[2ce|feg| 2 (3 
dq 5 ade < =o |Asls a 82 | Aes td: = 
= } =e s Bea |ok S/S ,o| <4 < 5 o 
I a Be) £ bra Bas w= le ait aE o 
5 oe | Qs r cw |Cso@] as Rg] lok] So is 
be | Bo 2 mS SQ 
me | 8 pas 8 | ag [sells ag/SEe| 8° 18 
B12 | 23 | #| 88 |822|838|888| 3 13 
5 2 ic) o | oA [ox S13 8S) skh] 8 g 
& Ay > q > > 5 > i=) =| 
||} } |} __}+# | _] 
600} .50 | 1836 2% | 60.2] 56.6] 85.1 | 3,630 .182 | 73 
800} .88 | 1787 -70 | 80.3} %5.0| 85.6 | 4'856 429 | 61 
1000} 1.38 | 2245 | 1.85 | 100.4] 94. | 85.4 ,100 | .845 | 63 
1200} 2.00 | 2712 | 2.20 | 120.4} 113. | 8.1 | 7370 | 1.479 | 67 
1400 | 2.75 | 3177 | 3.45 | 140.5] 133. | 84.8 | s'633 | 2/983 | 66 
1600 | 3.80 | 3670 | 5.10 | 160.6] 156. | 82.4 | 9.973 | 31803 | 74 
1800 | 4.80 | 4172 | 8.00 | 180.6| 175. | 82.4 | 11.337 | 5 462 | 68 
2000 ' 5.95 1 4674 111.40 | 200.7) 195. | 85.6 | 12701 ' 72586 | 67 


Mr. Snell has not found any practical difference between the efficiencies 
of blowers with curved blades and those with straight radial ones, 

rom these experiments. says Mr. Snell, it appears that we may expect to 
receive back 65%. to 75% of the power expended, and no more. 

The great amount of power often used to run a fan is not due to the fan 
itself, but to the method of selecting, erecting, and piping it. 

(For opinions on the relative merits of fans and positive rotary blowers, 
see discussion of Mr. Snell’s paper, Trans. A. S. M. E., ix. 66, ete.) 

Comparative Efficiency of Fans and Positive Blowers.— 
(A. M. Howe, Trans. A.I.M. E., x. 482.)— Experiments with fans and positive 
(Baker) blowers working at moderately low pressures, under 20 ounces, show 
that they work more efficiently at a given pressure when delivering large 
volumes (¢.e., when working nearly up to their maximum capacity) than 
when delivering comparatively small volumes. Therefore, when great vari- 
ations in the quantity and pressure of blast required are liable to arise, the 
highest efficiency would be obtained by having a number of blowers, always 

- driving them up to their full capacity, and regulating the amount of blast 
by altering the number of blowers at work, instead of having one or two 
abe large blowers and regulating the amount of blast by the speed of the 

lowers. 

There appears to be little difference between the efficiency of fans and of 
Baker blowers when each works under favorable conditions as regards 
quantity of work, and when each is in good order. 

For a given speed of fan, any diminution in the size of the blast-orifice de- 
creases the consumption of power and at the same time raises the pressure 
of the blast ; but it increases the consumption of power per unit of orifice 
for a given pressure of blast. When the orifice has been reduced to the 
normal size for any given fan, further diminishing it causes but 
slight elevation of the blast pressure; and, when the orifice becomes com. 
paratively small, further diminishing it causes no sensible elevation of the 
blast pressure, which remains practically constant, even when the orifice is 
entirely closed. 

Many of the failures of fans have been due to too low speed, to too small 
pulleys, to improper fastening of belts, or to the belts being too nearly ver- 
tical; in brief, to bad mechanical arrangement, rather than to inherent de- 
fects in the principles of the machine. 
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If several faus are used, it is probably essential to high efficiency to pro 
vide a separate blast-pipe for each (at least if the fans of different size 
or speed), while any number of positive blowers may defiver into the same 
pipe without lowering their efficiency. 


Capecity of Fans and Blowers. 


The following tables show the guaranteed air-supply and air-removal of 
leading forms of blowers and exhaust fans. The figures given are often 
exceeded in practice, especially when the blowers and fans are driven at 
higher speeds than stated. The ratings, particularly of the blowers, are 
below those generally given in catalogues, but it was the desire to present 
only conservative and assured practice. (A. R. Wolff on Ventilation.) 


QUANTITY OF AIR SUPPLIED TO BuILnINes BY BLOWERS OF VARIOUS SIZES. 


ey Capacity 
i i ut . ‘| cu. ft. 
Diam- {Ordinary | Horse- | _C¥-** | Diam- | Ordinary) Horse- t. 
ater of | Number | power | Pet 2. } ter of | Number | power | P& mn. 


Wheel | of Revs. |to Drive against all wheel | of Revs. |to Drive against a 
ia feet.| per min. | Blower. | 2'€SSUre fin feet.| per min. | Blower. Pressure 


‘of 1 ounce of 1 ounce 
‘per sq. in per sq. in. 
4 350 6. | 10,635 9 175 29 56,800 
5 325 9.4 ; 17,000 10 160 35.5 70,340 
6 275 13.5 | 29,618 12 130 49.5 102,000 
7 230 18.4 | 42,700 14 110 66 139,000 
8 200 24 | 46,000 15 100 G7 160,000 


If the resistance exceeds the pressure of one ounce per square inch. of 
above table, the capacity of the blower will be correspondingly decreased, 
or power increased, and allowance for this must be made when the distrib- 
uting nea are small, of excessive length, and contain many contractions 
and bends. 


QUANTITY OF AIR MOVED BY AN APPROVED Form or Exuaust Fan, THE 
FAN DISCHARGING DIRECTLY FROM ROOM INTC THE ATMOSPHERE. 


Diam- | Ordinary) Horse- ;, 
eter of } Number | power Gepectty, 
Wheel | of Revs. |to Drive) Do'h t 


Diam- | Ordinary} Horse- 
eter of Number} power 
Wheel | of Revs. |to Drive 


| Capacit 
‘in cu. ft. 


in feet.| per min. Fan. |Per min. fy feet.| per min.| Fan. min. 
2.0 600 0.50 45 3.50 28,000 
3.0 5 g “ y 
3.5 500 2.50 250 9.00 80,000 


The capacity of exhaust fans here stated, and the horse-power to drive 
them, are for free exhaust from room into atmosphere. The capacity de- 
ereases and the horse-power increases materially as the resistance, resulting 
from lengths, smallness and bends of ducts, enters as a factor. The differ- 
ence in pressures in the two tables is the main cause of variation in the re- 
spective records. The fan referred to in the second table could not be used 
with as high a resistance as one ounce per square inch, the rated resistance 
of the blowers. 


Caution in Regard to Use of Fan and Biower Tables.— 
Many engineers report that manufacturers’ tables overrate the capacity of 
their fans and underestimate the horse-power required to drive them. In 
some cases the complaints may be due to restricted air outlets, long and 
crooked pipes, slipping of belts, too small engines, etc. 
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CENTRIFUGAL FANS, 
Flow of Air through an Orifice. 


YHLOCITY, VOLUME, AND HP. REQUIRED WHEN AIR UNDER GIVEN PRESSURE 
IN OUNCIS PER SQ. IN. IS ALLOWED TO ESCAPE INTO THE ATMOSPHERE. 


(B. F. Sturtevant Co.) 


ae : or = P 
2/2 (Beef ge] = 7. ls [see ls 2] 
BB} [feeelSes (bd [ok |S [s8agizee | be 
-_ — = _ -— J ~ 
= jegheisse | boa [= | [ec baess | ee. 
E@al S. [etssleoce| 88a fesa|s |oS4uler aS 3 
FOG Se len, Siglo! saa TsSs Sa |sseoalebog! oo 
Zool fs |eue Bohs] Gee [Ze"| os ane Bers! Bee 
S62) 58 (Su5e/s853) 589 SSE) 34 |Sundiseey] FSS 
Ay e > isa) isa) Aa e & isa} ea) 
Y | 1,828 12.69 00043 0340 2 7,284] 50.59 | .02759 5454 
44 =| 2,585 17.95 | .00122 0680 214 | 7,507) 52.13 | ,03021 5795 
3,165 21,98 | .00225 1022 214 | 7,722) 53.63 | .03291 6136 
3,654 25.37 | .00346 1863 2 7,932} 55.08 | .03568 6478 
4,084 28.36 | .00483 1708 2 8,136) 56.50 | .03852 6818 
34 «| 4,473 31.06 | .00685 2044 5 8,334] 57.88 | .04144 7160 
% | 4,880) 33.54 | .00800 2385 2 8,52 59.22 | .04442 7500 
1 5,162} 35.85 | .0097 22728 74 8,718) 60.54 | .04747 (841 
1g | 5,473 38.01 .01166 3068 3 8,903} 61.83 05058 -8180 
14 |5,768} 40.06 | .01366 | .3410 8lg | 9,084] 63.08 | .05376 8522 
1 6,048 42.00 | .01575 3750 814 | 9,262] 64.32 | .05701 .8863 
1 6,315 43.86 | .01794 -4090 3 9,435} 65.52 | .06031 9205, 
1 6,571 45.63 | .02022 4431 3 9,606] 66.71 06868 .9546 
184 | 6,818) 47.84 | .02260 477 80g | 9,773] 67.87 | .06710 9887 
1% | 7,055 49.00 02505 5112 834 | 9,938] 69.01 -07058 | 1,0227 
8% 110,100} 70.14 | .07412 1.0567 


The headings of the 2d and 3d columns in the aboVe table have been 
abridged from the original, which read as follows: Velocity of dry air, 50° 
F., escaping into the atmosphere through any shaped orifice in any pipe or 
reservoir in which the given pressure is maintained. Volume of ait in cubie 
feet which may be discharged in one minute through an orifice having an 

effective area of discharge of one square inch, The 5th column, not in the 
' original, has been calculated by the author. The figures represent the 
horse-power theoretically required to move 1000 cu, ft. of air of the given 
pressures through an orifice, without allowance for the work of compression 
or for friction or other losses of the fan. These losses may amount to from 
60% to 100% of the given horse-power, 

The change in density which results from a change in pressure has been 
taken into aceount in the calculations of the table, he volume of air ata 
given velocity discharged through an orifice depends upon its shape, and is 
always less than that measured by its full area. For a given effective area 
the volume is proportional to the velocity. The power required to move air 
through an orifice is measured by the product of the velocity and the total 
resisting pressure. This power for a given orifice varies as the cube of the 
velocity. For a given volume it varies as the square of the velocity. In the 
movement of air by means of a fan there are unavoidable resistances 
which, in proportion to their amount, increase the actual power consider- 
any above the amount here given. 

Or any size of centrifugal fan there exists a certain maximum area over 
which a given pressure may be maintained, dependent upon and propor: 
tional to the speed at which it is operated. If this area, known as its 
‘capacity area,” or square inches of last, be increased, the pressure is 
lowered (the volume being increased), but if decreased the pressure remains 
constant. The revolutions of a given fan necessary to maintain a given 

ressure under these conditions are given in the table on p. 519, which is 

ased upon the abve table. The pressure produced by a given fan and its 
effective capacity area being known, its nominal capacity and the horse- 
power required, without allowance for frictional losses, may be determined 
from the table above. 

In practice the outlet of a fan greatly exceeds the capacity area; hence 
the volume moved and the horse-power required are in excess of the 
amounts determined as above, : 
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Steei-plate Full Heusing Fans. (Buffalo Forge Co.) 
Capacities in cubic feet of air per minute. (See also table on p. 525.) 


Revolutions per Minute. 


100 | 150 | 200 | 250 | 800 | 350 | 400 | 450 | 500 | 550 | 600 


50 1650) 2475) 3300) 4125) 4950) 5775] 6600! 7425} 8250] 9075} 9900 
60 2480} 3720) 4960) 6200} 7440, 8680} 9920) 11160] 12400) 18640] 14880 
70 4500! 6750} 9000) 11250) 13500) 15750} 18000} 20250] 22500) 

80 7070| 10605} 14140) 17675} 21210) 24745) 28280) 31815 

90 | 10400) 15600) 20800} 26000) 31200] 36400} 41600 

100 | 14280) 21420} 28560) 35700] 42840; 49980) 57120 

110 | 18960} 28440} 387920} 47400) 56880| 66360 


150 | 49260) 73890} 98520/123150 


The Sturtevant Steel Pressure-blower Applied to Cupola 
Furnaces and Forges. ; 


Cupola Furnaces. Forges. 
; y Blast- Rev. per Rev. per 
‘Number piatoeter Melting | pressure} min. of | Number |min.Blower 
PO Cupola | Capacity | required |Blower nec-|of Forges] necessary 
Blower. | inside of |Of Cupola| in Wind-| essary to | supplied | to produce 
; Lining, | Per hour) boxin | produce by pressure 
in, | imlbs. | ounces | required | Blower, for 
per sq. in.} pressure. forge fire. 
4/0 1 5,548 
2/0 2 4,294 
0 3 8,645 
1 22 1,200 5 8,569 4 8,199 
2 26 1,900 6 3,282 6 2,691 
3 30 #,900 ie 38,030 8 2,805 
4 35 4,200 8 2,818 10 ,009 
5 40 6,200 10 2,690 14 1,722 
6 46 8,900 12 2,670 19 1,567 
7 53 12,500 14 2,816 95 1,264 
8 60 16,500 14 2,023 35 : 
9 72 24.000 16 1,854 45 950 
10 84 34,000 16 1,627 60 834 


The above table relates to common cupolas under ordinary conditions and 
to forges of medium size, The diameter of cupola given opposite each size 
blower is the greatest which is recommended; in eases where there is a sur- 
plus of power one size larger blower may be used to advantage. ‘he melt- 
ing capacity per hour is based upon an average of tests on some of the best 
cupolas found, and is reliable in cases where the cupola is well constructed 
and carefully operated. The blast-pressure required in wind-box is the 


maximum under ordinary conditions when coal is used as fuel. When coke 


is employed the pressure may be lower. 

The cupola pressures given are those in the wind-box, while the basis 
pressure for forges is 4 ounces in the tuyere pipe. The corresponding rev- 
olutions of fan given are in each case sufficient to maintain these pressures 
at the fan outlet when the temperature is 50°, The actual speed must be 
higher than this by an amount proportional to the resistance of Pipes and 
the increase of temperature, and can only be determined by a knowledge of 
the existing conditions. 

(For other data concerning Cupolas see Foundry Practice.) 
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Diameters of Blast-pipes Required for Steel Pressure= 
blowers, (B: F. Sturtevant Co.) 5 


Based on the loss of pressure resulting from transmission being limited to 
one-half ounce per square inch. 


Pres- | Length Number of Blower, 
sure per} of Pipe 
Be | aol gih Oa tea 8 a | 6 |e wulted ealae 
100 | 434! 534| 644] 654] 734] 814] 894] ox<l1oxglrexgl1asgli514l2014 
8 200 4 ase oe 1B 8h oe aoe 108 1134) 1414] 1616|1716|2314 
2 300 | 5%| ThE] 754] 8i4| 874| 1044) 109g| 1154] 1994l15%4 17919 |o546 
400 | 644] vig] 844) 894] 996|1034|11° |12"-|13%g|1614|19°“laoxglons4 
; 100 | 594! 614] 734] 734] 816] 914] 934/103¢| 113411416] 16961 173¢|0814 
s 200 | 684] 2] Sie] aoe oeeloeslt Ho 1346| 164g|1874 120 “26 
2 300 | 65g! 8%) 874] 98410 -|114¢| 117413 |14¥4| 175g 2046 lors glonse 
400 | 7g] 856] 934110" |1054|1244|1254| 1384] 1516 18442156 |28 “|aoig 
: 100 | 584] 744] 734] 814] 94l10._|1036|1114| 12561 1514| 1794 l18z¢l05 
iS 200 | 66g ae 874) 996 |10. 1134] 11941294 14he| 175¢| 0096 2186 faeag 
5 300 | 744] 884) 956|10441076| 1244) 1274] 14 |1584| 187g la2% lease a1bg 
“ 400 | 76] 994|1034| 1084] 1154] 1314 | 1364] 1474] 1684] 20%¢ [eats ate 33 
: 100 | 644} 744] 814] 854] 914|1054|1074| 1174] 1386116 |1s4{ 197626 
iS i 200 | 7°91 abel 994 974|1056| 1244 |1206| 1984 155g)183¢l211¢|29¢¢la0%4 
BF 300 | 754} 936] 1084| 108411144) 1317|135¢| 1474] 163420. | 29822496 ap 
“(400 | 844} 9f6]1094|1196| 1254 1444|14/0| 1594 [1794 o1sgloasy looks Be 


“The above table has been constructed on the following basis: Allowing a 
loss of pressure of 44 oz. in the process of transmission through any length 
of pipe of any size as a standard, the increased friction due to lengthening 
the pipe has been compensated for by an enlargement of the pipe sufficient 
to keep the loss still at 14 0z. Thus if air under a pressure of 8 oz. is to be 
delivered by a No. 6 blower, through a pipe 100 ft. in length, with a loss of 
44 oz. pressure, the diameter of the pipe must be 1134 in. If its length is 
increased to 400 ft. its diameter should also be increased to 1514 in., or if 
the pressure be increased to 12 oz. the pipe, if 100 ft. long, must be 125 in. 
in diameter, providing the loss of ¥ oz. is not to be exceeded. This loss of 
44 oz. is to be added to the pressure to be maintained at the fan if the 
tabulated pressure is to be secured at the other end of the pipe.” 


Efficiency of Fans.—Much useful information on the theory and 
practice of fans and blowers, with results of tests of various forms, will be 
found in Heating and Ventilation, June to Dec. 1897, in papers by Prof. 
R. C. Carpenter and Mr. W. G. Walker. It is shown by theory that the 
volume of air delivered is directly proportional to the speed of rotation, 
that the pressure varies as the square of the speed, and that the horse- 
power varies as the cube of the speed. For a given volume of air moved 
the horse-power varies as the square of the speed, showing the great ad- 
vantage of large fans at slow speeds over small fans at high speeds deliver- 
ing the same volume. The theoretical values are greatly modified by varia- 
tions in practical conditions. Prof. Carpenter found that with three fans 
running at a speed of 6200 ft. per minute at the tips of the vanes, and an air- 
pressure of 2: in. of water column, the mechanical efficiency, or the horse- 
power of the air delivered divided by the power required to drive the fan, 
ranged from 32% to 47%, under different conditions, but with slow speeds it 
was much less, in some cases being under 20%. Mr. Walker in experiments 
on disk fans found efficiencies ranging all the way from 7.4% to 48%. the size 


CENTRIFUGAL FANS. 521 
Pony: ; 


Centrifagal Ventilators for MWines,—Of different appliances for 
ventilating mines various forms of conreaee machines having proved their 
efficiency have now almost completely replaced all others. Most if not all 
of the machines in use in this country are of this class, being either open- 
periphery fans, or closed, with chimney and spiral casing, of a more or less 
modified Guibal type. The theory of such machines has been demonstrated 
by Mr. Daniel Murgue in ‘‘ Theories and Practices of Centrifugal Ventilating 

achines,”’ translated by A. L. Stevenson, and is discussed in a peber by R. 
Van A. Norris, Trans, A. I. M. E. xx. 687, From this paper the following for- 
mule are taken: 


Let a = area in sq. ft. of an orifice in a thin plate, of such area that its re- 
sistance to the passage of a given quantity of air equals the 
resistance of the mine; 

o = orifice in a thin plate of such area that its resistance to the pas- 
sage of a given quantity of air equals that of the machine; 
Q = quantity of air passing in cubic feet per minute; 
V = velocity of air passing through a in feet per second; 
> = velocity of air passing through o in feet per second; 
h = head in feet air-column to produce velocity V; 
hg = head in feet air-column to produce velocity Vo. 


Q=0.65aV; V= 29h; Q=0.65a V2gn; 
pia C EY) 
0.65 4/2gh_ 


or, reducing to water-gauge in inches and quantity in thousands of feet per 
minute, 


a= = equivalent orifice of mine; 


— _-403Q_. 
= Vw.G. Q = 0.650%_; Vo= V2gho; Q = 0.650 V2gho; 


ey Q? ieee 7 “ 
o= V 0.05",2g = equivalent orifice of machine. 


The theoretical depression which can be produced by any centrifugal ven- 
tilator is double that due to its tangential speed. The formula 


Se eR ee! 
B29 2g 


in which T is the tangential speed, V the velocity of exit of the air from the 
space between the blades, and H the depression measured in feet of air- 
column, is an expression for the theoretical depression which can be pro- 
duced by an uncovered ventilator; this reaches a maximum when the air 
leaves the blades without speed, that is, V = 0,and H = T? + 2g. 

Hence the theoretical depression which can be produced by any uncovered 
ventilator is equal to the height due to its tangential speed, and one half- 
Sn which can be produced by a covered ventilator with expanding 
chimney. 

So long as the condition of the mine remains constant: 

The volume produced by any ventilator varies directly as the speed of 
rotation. 

The depression produced by any ventilator varies as the square of the 
speed of rotation. 

For the same tangential speed with decreased resistance the quantity of 
air increases and the depression diminishes. 

The following table shows a few results, selected from Mr. Norris’s paper, 
giving the range of efficiency which may be piel aul A under different eir- 
cumstances. Details of these and other fans, with diagrams of the results 
are given in the paper. 
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é Experiments on Mine-ventilating Fans, 


Revolutions per 
Minute, Fan. 
Periphery Speed, 
Feet per Min. 
Cubic Feet Air 
per Minute. 
Cubic Feet Air 
per Revolution 


100 


Type of Fan, 
A. Guibal, double..... nslasteyisiete aA 
. Same, only left hand running, 


An examination of the 


SB if z| oo | 2 fe 
ee leeaie |. | bale lOcg 
$e lere| & | & ag} 23 
BS lass|eg|f (Be l|aglg2 
SS || &8 | o.. A | VEeles 
OT Bee rea | Be | Bay Ou 
AlSSae| 229 4193 | Sol2se 
Se hee) $5 | 3% | 85 | 2eless 
zs \és°|2 15 |gele lesa 
o- jon ke Sala ia 
8040 | 4290 | 1.80 | 67.13] 88.40\75.9 |} o 
38040 | 5393 | 2.50 |132.70]155.43/85.4 | | © 
3040 | 5002 | 3.20 /175.17/209.64|83.6 | + & 
8040 | 5100 | 8.60 |223.56/205.21/75.7 || & 
1520 | 8007 | 1.40 | 41.67) 97.99/42.5 |) <4 
1520 | 8866 | 2.00 | 86.63/194.95/44.6 |~ 22 
1520 | 1610 | 1.20 | 11.27] 16.76/67.83 
1520 | 1593 | 2.15 | 27.86] 48.54/57.38 
8096 | 1580 | 0.87 | 6.80) 13.82/49.2 | 32 
8096 | 2507 | 2.55 | 55,35) 67.44/82.07 
1522 | 5356 | 0.50 | 11.60] 28.55/40.68 
1522 | 5451 | 1.00 | 32.42] 45.98/70.50) 83 
1522 | 5676 | 2.15 |101.50/120.64/84.10 
746 | 1767 | 3.35 | 70.30/102.79168.40| 26.9 
746 | 2398 | 8.05 | 86.89/129.07/67.30] 38.3 
746 | 2774 | 2.80 | 92.50)150.08'61.70| 46.3 
3680 | 0.10 | 0.45] 1.30/35. 
8022 | 8687 | 0.20] 1.80] 38.70/49. 
8022 | 8399 | 0.29 | 2.90) 6.10/48. 
8022 | 8108 | 0.40} 4.60] 9.70/47. | 52 
8022 | 3425 | 0.50} 7.40} 15.00/48. 
8022 | 3567 | 0.70 | 12.30] 24.90/49. 
8022 | 3381 | 0,90 | 18.80] 38.80/48. 
8022 | 8686 | 1.35 | 36.90] 66.40|55, 
8022 | 8718 | 1.80 | 57.70/107.10|54. 
8022 | 8540 | 2.25 | 78.80/152.60|52. 
Diam. Width. No. Inlets, Diam, Inlets, 
20 ft. 6 ft. 4 8 ft. 10 in. 
20 6 4 8 10 
2 8 10 
1 it 3-6 
4 8 
2 va 
1 12 


detailed results of each test in Mr, Norris’s table 


i 
Isb Ows a mass of contradictions from which it is exceedingly difficult to draw 


any satisfactory conclusions. 
or less warranted b 

1. Influence of the 
varying 
within limits as follows, 
mine; 


Equivalent Cu. Ft. Air per 
rifice. 100 ft. Periphery- 
Z speed, 
Under 20 $4, ft. 1100 to 1700 
20 to 8 1800 to 1800 
80 to 40 1500 to 2500 
40 to 50 2300 to 8500 
50 to 60 2700 to 4800. 


The influence of the mine on the effic: 


very clear. 


some of the figures : 
¢ Condition of the Airways on the Fan. 
juivalent orifices give air per 100 fi 
the quantity depending on 


The following, he states, appear to be more 


—Mines with 
eet periphery -motion of fan, 
he resistance of the 


Aver- Equivalent Cu. Ft. Airper Aver- 


age. 


3500 


rifice. 


0 
100 to 114 


100 ft, Periphery- 
speed. 
8300 to 5100 
4000 to 4700 
8000 to 5600 


5200 to 6200 


age. 


4000 
4400 
4800 


5700 


jieney of the fan does not seem to be 


Eight fans, with equivalent orifices over 50 square feet, give 


CENTRIFUGAL FANS, 523 


efficiencies over 70% ; four, with smaller equivalent mine-orifices, give about 
the same figures ; while, on the contrary, six fans, with equivalent orifices of 
over 50 square feet, give lower efficiencies, as do ten fans, all drawing from 
mines with small equivalent orifices. 4 : 

It would seem that, on the whole, large airways tend to assist somewhat 
in attaining large efficiency. 

2. Inflwence of the Diameter of the Fan.—This seems to be poniewce nil, 
the only advantage of large fans being in their greater width and the lower 
speed required of the engines. 

8. Influence of the Width of a Fan.—This appears to be small as regards 
the efficiency of the machine ; but the wider fans are, as arule, exhausting 
more air. 

4. Influence of Shape of Blades.—This appears, within reasonable limits, 
to be practically nil. Thus, six fans with ups of blades curved forward, 
three fans with flat blades, and one with blades curved back to a tangent 
witb the circumference, all give very high efficiencies— over 704. 

5, Influence of the ra of the Spiral Casing,—This appears to be con- 
siderable. The shapes of spiral casing in use fall into two classes, the first 
presenting a large spiral, beginning at or near the point of cut-off, and the 


' Second a circular casing reaching around three quarters of the cireumference 


of the fan, with a short spiral reaching to the evasée chimney, 

Fans having the first form of casing appear to give in almost every case 
large efficiencies. 

Fans that have a spiral belonging to the first class, but very much con- 
tracted, give only medium efficiencies. It seems probable that the proper 
shape of spiral casing would be one of such form that the air between each 
pair of blades could constantly and freely discharge into the space between 
the fan and casing, the whole being swept along to the evasée chimney. . This 
would require a spiral beginning near the point of cut-off, enlarging by 
gradually increasing increments to allow for the slowing of the air caused b 
its friction against the casing, and reaching the chimney with an area suc’ 
that the air could make its exit with its then existing speed—somewhat less 
than the periphery-speed of the fan, 

6. Influence of the Shutter.—This certainly appears to be an advantage, as 
by it the exit area can be regulated to suit the varying quantity of air given 
by the fan, and in this way re-entries can be prevented, It is not uncommon 
to find shutterless fans into the chimneys of which bits of paper may be 
dropped, which are drawn into the fan, make the circuit, and are again 
nee out. This peculiarity has not been noticed with fans provided with 
shutters. 

% Influence of the Speed at which a Fan is Run.—It is noticeable that 
most of the fans giving high efficieney were running at a rather high 
periphery velocity. The best speed seems to be between 6000 and 6000 feet 
per minute, 

The fans appear to reach a maximum efficiency at somewhere about the 
apes given, and to decrease rapidly in efficiency when this maximum point 
is passed. : 

discussion of Mr, Norris’s paper, Mr. A. H. Storrs Says: From the “ cu- 
bic feet per revolution” and ‘cubical contents of fan-blades,”’ as given in the 
table, we find that the enclosed fans empty themselves from one half to 
twice per revolution, while the open fans are emptied from one and three-¢ 
quarter to nearly three times. This for fans of both types, on mines cover: | - 
ing the same range of equivalent orifices. One open fan, on a very larg3 | 
orifice, was emptied nearly four times, whilea closed fan, on a still larger 
orifice, only shows one and one-half times, For the open fans the ‘‘ cubie 
feet per 100 ft. motion ” is greater, in proportion to the fan width and equiv- 
alent orifice, than for the enclosed 1TH Notwithstanding this apparently 
free discharge of the open fans, they show very low efficiencies. 

As illustrating the very large capacity of centrifugal fans to pass air, if 
the conditions of the mine are made favorable, a 16-ft. diam. fan, 4 ft. 6 in, 
wide, at 130 revolutions, passed 360,000 cu, ft. per min., and another, of same 
diameter, but slightly wider and with larger intake circles, passed 500,000 cu, 
ft., the water-gauge in both instances being about 4 in. 

t. D, Jones says; The efficiency reported in some cases by Mr. Norris is 
larger than I have ever been able to determine by experiment. My own ex- 
periments, recorded in the Pennsylvania Mine Inspectors’ Reports from 187F 
to 1881, did not show more than 602 to 65, 
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DISK FANS, 


Experiments made with a Blackman Disk Fan, 4 ft. 
diam., by Geo. A. Suter, to determine the volumes of air delivered under 
various conditions, and the power required; with calculations of efficiency 
and ratio of increase of power tc increase of velocity, by G. H. Babcock. 
(Trans. A. S. M. E., vii. 547): 


a | we ! ‘ . naa ES 

= [to r 2 Ae S35] 8%. je Fil [Ea se 
A laee .| 5, sot lsoe | sce ER fda’ 2 
2 \e25*| oh ogi [ses | cae le 8 igh | Se 

ea “— = OOD = 

s [Ses | 2 g5% | $50 | S5° [RR |B 8) es 
Bree al is ao [ae [eo ak ie 

850 | 25,797 | 0.65 Sais Set |yaeclens fis vet Bee] aesaehy | ae) 

440 | 82,575 | 2.29 1.257 | 1.262 | 3.523 | 5.4 |. 

534 | 41,929 | 4:49 1.186 | 1.287} 1.843] 2.4 |: 

612 | 47,756 | 7.41 1.146 | 1.139} 1.677 | 3.97 |: 

For|series 1,749 | 1.851 4, 


+882 | 1.308 | 2.618 | 3.55 |. 
-183 | 1.187 | 1.940 } 3.86 

-167 | 1.155 | 1.676 | 3.59 
-761 | 1.794) 8.518 | 3.63 


ah ad he 


430 | 13,017 | 8.17 


330 | 8,399 | 1.31 
437 | 10,071 | 3.27 
516 | 11,157 | 6.00 é : p : 

For |series]........| 1.563 | 1.329 | 4.580 5.35 


Nature of the Eaperiments.—First Series: Drawing air thzough 380 ft, of 

48-in. diam. pipe on inlet side of the fan. 
pea Series: Forcing air through 80 ft. of 48-in. diam. pipe on outlet side. 
of the fan. 

Third Series: Drawing air through 30 ft. of 48-in. pi pe on inlet side of the 
fan—the pipe being obstructed by a diaphragm of cl.eese-cloth. 

Fourth Series: Forcing air through 30 ft. of 48-in. pipe on outlet side of fan 
-the pipe being obstructed by a diaphragm of cheese-cloth, 

Mr. Babcock says concerning these experiments: The first four experi- 
ments are evidently the subject of some error, becazse the efficiency is such 
as to prove on an average that the fan was a source of power sufficient to 
overcome all losses and help drive the engine besides. The second series is 
- less questionable, but still the efficiency in the first two experiments is larger 

than might be expected. In the third and fourth series the resistance of the 
cheese-cloth in the pipe reduces the efficiency largely, as would be expected. 
In this case the value has been calculated from the eight equivalent to the 
water-pressure, rather than the actual velocity of the air. 

This record of experiments made with the disk fan shows that this kind of 
fan is not adapted for use where there is any material resistance to the flow 
of the air. In the centrifugal fan the power used is nearly proportioned to 
the amount of air moved under a given head, while in this fan the power re- 
quired for the same number of revolutions of the fan increases very mate- 
rially with the resistance, notwithstanding the quantity of air moved is at the 
same time considerably reduced. In fact, from the inspection of the third 
and fourth series of tests, it would appear that the power required is very 
nearly the same for a given pressure, whether more or less air be in motion. 
It would seem that the main advantage, if any, of the disk fan over the cen- 
trifugal fan for aoe resistances consists in the fact that the delivery is the 
full area of the disk, while with pontritneal fans intended to move the same 
Quantity of air the opening is much smaller, 
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Te will be seen by columns 8 and 9 of the table that cho power used in- 
creased much more rapidly than the cube of the velocity, as in centrifugal 
fans. ‘The different experiments do not agree with each other, buta general 

. Sveraze may de assumed as about the cube root of the eleventh power. 
| Full and Three-quarter Housing Fans, (Suffalo Forge Co.) 
Capacities at different velocities and pressures. (See also table on p. 519.) 


Velocities in cubic feet per minute; Pres- 
sures in ounces at Fan Outlets. 


3854 Ft. per 82 ft. per 5175 ft. per 
captic’ min, }g oz, | min., $f 02, min., 1 oz. 

Capac. [RES | Capac. | RSS| Capac: /RET 

ity. | min.) TY. | min. | HY. | min. 

— | tl 

ISK x ISG 8.140] «2 9900} GOO; 11440} BS 
Diy x Wy 11.470} 462 | 13.950; 562] 16.120) 650 
2 x26 16,280} 36t | 19,800} 441 S80} 509 
penn) 21,460] S03 | 26,100} 369 | 30,160) 426 
S3kg x 33! 27,750} WS | 33,50} WS | 39 376 
STig x STAg 34,410} B42} 41,850) 2 48,360} 30 
4 x4il 480] MT] SOO} 25 | SMO; Wr 
x 448¢ S80} 195 | GOS00} MS | 8g, 2 
Hg x 452g 58460; I8T | 71,100} WT] Vie, Ws 
2k x Saly 67,710} 173 | SS50] Bid | Bree] BS 
6 x56 T7700} 161 | 94,500} 196 | 109.200) 27 

ee ; phe xX 00,27 1d, Zi j 14 


112,480} 136 136,800 | i65 [158080] 191 - 


: 
For 44 og. pressure, speed 2584 fr, minute, the capacity and the revolus 
tions are each one-half of those for 1 oz. pressure. 


Efficiency cf Disk Fans,—Prof. A. B. W, Kennedy (Industries, Jan. 

YT, 1890) made a series of tests on two disk fans, 2 and 3 ft. diameter, known 

as the Verity Silent Aivpropeller. The principal results and conclusions 
, are condensed below. ; ; 
i. In each case the efficiency of the fan, that is, the quantity of sir delivered 
; effective horse-power, Increases very rapidly as the a i 
So that lower speeds are much more economical than higher ones. On the 
other hana, as the quantity of air delivered per revolution is very nearly 
constant, the actual useful werk done by the fan increases almost directly 
with its speed. Comparing the large and small fans with about the same 
air delivery, the former (running at a much lower speed, of course) is much 
the more economical. Comparing the two fans running at the same speed, 
however, the smaller fan is very much the more economical. The delivery 
of air per revolution of fan is very nearly directly proportional to the area 
i of the fan’s diameter. 
: The air delivered per minute by the $ft. fan is nearly 12.5R cubic feet 
(R being the number of revolutions made by the fan per minute), For the 
£-ft. fan the quantity is 5.7R cubie feet. For either of these or any other 
similar fans of which the area is 4 square feet, the delivery will be about 
LS4R enbic feet. Of coarse any change in the pitch of the blades might 
entirely change these figures. 

The net H.P. taken up is not far from proportional to the square of the 
number of Seeds Sap above 100 per minute, Thus for the $-ft. fan the net 
HP, is B10" nite for the 2ft. fan the net HLP. is SFIS 

The denominators of these two fractions are very nearly roportional in- 
versely to the square of the fan areas or the fourth potver of the fan diam- 
Be Tho eet Eee cerointaad orcas, wil therclans haere 

uare feet, at a s o revolutions minute, W: a 
Se EES | a Z 
Te 17,000,000 10,400,000 * 

‘ The 2-ft. fan was noiseless at all speeds, The $-ft. fan was also noiseless 
up to over 450 revolutions per minute, 
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Propeller, Propeller, 
Sft diam. 8 ft. diam. 


~ 


Speed of fan, revolutions per minute.| 750} 676, 577| 576 459) 87 
et H.P. to drive fan and belt........} 0.42] 0.32] 0.227] 1.02] 0.575 0.324 


Cubic feet of air per minute.......... 4,183) 8,830] 8,410) 7,400) 5,800] 4,470 
Mean velocity of air in 3-ft. flue, feet 
per minute.......... Stina pues 593} 543} 482! 1,046] 820] 632 
Mean velocity of air in flue, same 
sameteras ‘fan; A >i... decease 3320) 


320) 1,220] 1,085]... . Voeacscfera, ce 
Cu.ft.of air per min.per effective H.P.| 9,980 11,970) 15,000} 7,250} 10,070) 13,800 
Motion given to air per rev. of fan, ft.} 1.77; 1.81) 1.88] 4.82] 1.79] 1.70 


Cubic feet of air per rev. of fan....... 5.58] 5.66] 5.90! 12.8 | 12.6 | 12.0 
POSITIVE ROTARY BLOWERS, (P. H. & F.M Roots.) 
Size number .............. ai) EN edd 2 3 4 5 6 q 
Cubic feet per revolution... 4 1 weer (8 13 2 87 68 


: : 300 250 225 200 175 150 125 100 7% 
Revolutions per minute, tor (te fo toto: Sto tet 
: f 0 6to 
Shitth fires 720) So yace os 350 800 275 250 295 900 175 150 195 
Furnishes blast for Smith Mes Ratio 55 
Dreiriccs..cos.ccdedesses 4 8 14 20 30 43 67 100° 135 
Revolutions per minute for$**- ‘++ 275 275 200 185 170 150 137 
cupola, melting iron...,. ; 


Size of cupola, inches, in-}--- -++ J8 24 80 36 42 50 a 


ee to. to to to <.to . to 
BAIS Tin gs 5 5.54 0) as ‘p a 36 o 80 ‘ 602.55’s 
Prine 2 1 
Will melt iron per hour, tons} to to to fo to a eH 
wine t dateh se 3 % va 12 1634 22 
Horse-power required........ 1 2 34% BK 114 173% 2 40 


The amount of iron melted is based on 30,000 cubie feet of air per tonof 
iron. The horse-power is for maximum speed and a pressure of 84 pound, 
ordinary cupola pressure, (See also Foundry Practice.) 


BLOWING-ENGINES, 
Corliss Horizontal Cross-compound Condensing 
Blowing«cugines, (Philadelphia Engineering Works.) e 
Indicated Blast| eae alas | r 
Horsepower. |. | Cu. Ft.| pres- met oa a LES at : 
per | Free | sure |PclOr cd Oaks) 8 Ke 
15Exp./13Exp.! min, |Air per] per uesices leer |ear| fe 
2251bs, | 1001bs. min. |sqin.,|" FA) sA|asa\o4|] 2a 
Steam.|Steam. Ibs. |X Fi iat nil<4 
2280 | 60 | asteco {¢ 15] 44 | 78. | )84| 60 | 805,000 | 605,000 
2060 | 60 | acteoo |{ 12] 42 | 72 | 84] 60 | 475,000 | 550,000 
gn Go | geo |¢ 20} 82 | co | ces! 60 | 858,000 | 436,000 
1/980 | 60 | age |¢ 15 | 40 | 72 1c) 78| 60 | 448,000 | 545,000 
17021 60 | geno |¢ 121 28 | 70 |c78| 60 } 425,000 | 491,000 
1,388 | Go | aoteoo |¢ 20 | 86 | 66 | @ 78} 60 | 415,000 | 450,000 
1,173 | 60 | aise | 35 | 84 | Go |e 72] 60 | 240,000 | 430,000 
ges | 69 | ayes |{ 10.} 28 | 80 |@72| 60 | 270,000 | 800,000 


Vertical engines are built of the same dimensions as above, except that 
the stroke is 48 in. instead of 60, and they are run at a higher number of 
revolutions to give the same piston-speed and the same I. H,P, 
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The calculations of power, capacity, efe:, of blowing-engines are the same 
as those for air-compressors. They are built without any provision for 
cooling the air during compression. About 400 feet per minute is the usual 
piston-speed for recent forms of engines, but with positive air-valves, which 
have been introduced to some extent, this speed may be increased. The 
efficiency of the engine, that is, the ratio of the I.H.P. of the air-cylinder to 
that of the steam-cylinder, is usually taken at 90 per cent, the losses by 
friction, leakage, etc., being taken at 10 per cent. 


STEAM-JET BLOWER AND EXHAUSTER. 


A blower and exbauster is made by L. Schutte & Co., Philadelphia, on 
the principle of the steam-jet ejector. The following is a table of eapacities: 


Diameter of Quantity of Diameter of 


Quantity of |pines in inches. Pipes in inches, 


Size |Air per hour Size | Air per hour 
No, in as No. in 
cubic feet. Steam: huate eubie feet, Gteamt Agr 

ew) ume |e) del | aoe | ag 
0 4,000 a aes ? 42,000 3 6 
a 6,000 1 216 8 48,000 8 7 
2 12,000 1 38 9 54,000 3 7 
3 18,000 2 BWA 10 60,000 3 8 
4 24,000 2 4 


The admissible vacuum and counter-pressure, for which the apparatus is 
-eonstructed, is up to a rarefaction of 20 inches of mercury, and a counter- 
pressure up to one sixth of the steam-pressure. 

The table of capacities is based on a steam-pressure of about 60 Ibs., and 
a counter-pressure of about 8 lbs. With an increase of steam-pressure or 
decrease of ecounter-pressure the capacity will largely increase. 

Another steam-jet blower is used for boiler-firing, ventilation, and similar 
purposes where a low counter-pressure or rarefaction meets the require- 
ments. 

The volumes as given in the following table of capacities are under the 
supposition of a steam-pressure of 45 lbs. and a counter-pressure of, say, 
2 inches of water: 


* 


Cubic | Diam, Wisulaae in 
feet of of | inches of— 
Air de- |Steam- 
livered | pipe in! 
per hour inches. | Tolet. |Disch. 


Cubic |Diameter|Diameter in 
Sige feet of of inches of— 
No. Air Steam- 
* |delivered| pipe in 
per hour,} inches, 


Inlet |Disch. 


00 6,000 4 | 250,000] 1 | 7 | 14 
0 12/000 6 | 500/000) 134 | 24 | 20 
1 30,000 8 | 1,000, 11g | 82 | 27 
2 60,000 4 10 | 2,000,000] 2 42 | 36 
3 | 125/000 1 14 


The Steam-jet asa Means for Ventilation.—Between 1810 
and 1850 the steam-jet was employed to a cousiderable extent for ventilat- 
ing English collieries, and in 1852 a committee of the House of Commous 
reported that it was the most powerful and at the same time the cheapest 
meihod for the ventilation of mines ; but experiments made shortly after- 
wards proved that this opinion was erroneous, and that furnace ventilation 
was less than half as expensive, and in consequence the jet was soon aban- 
doned as a permanent method of ventilation. 

For an account of these experiments see Colliery Engineer, Feb. 1890. 
The jet, however, is sometimes adyantageously used as a substitute, for 
instance, in the case of a fan standing for repairs, or after an explosion, 
. when the furnace may not be kept going, or in the case of the fan having 
been rendered useless. A 
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HEATING AND VENTILATION. 


Ventilation. (A. R. Wolff, Stevens Indicator, April, 1890.}—The pop- 
ular impression that the impure air falls to the bottom of a crowded room 
is erroneous. There is a constant malneiing of the fresh air admitted with 
the impure air due to the law of diffusion o gases, to difference of temper- 
ature, etc. The process of ventilation is one of dilution of the impure eir 
by the fresh, and a room is eee ventilated in the opinion of the hygien- 
ists when the dilution is such that the carbonic acid in the air does not ex- 
ceed from 6 to 8 parts by volume in 10,000. Pure country air contains about 
4 parts CO, in 10,000, and badly-ventilated quarters as high as 80 parts. 

An ordinary man exhales 0.6 of a cubie foot of CO, per hour. New York 
gas gives out 0.75 of a cubic foot of COs for each cubic foot of gas burnt. 
An ordinary lamp gives out 1 cu. ft. of 60, perhour. An ordinary candle 
gives out 0.8 cu. ft. per hour. One ordinary gaslight equals in Vitiating 
effect about 514 men, an ordinary lamp 13 men, and an ordinary candle 1g 

an. 


To determine the quantity of air to be supplied to the inmates of an un- 
lighted room, to dilute the air to a desired standard of purity, we can estab- 
lish equations as follows: : 

Let v = cubic feet of fresh air to be supplied per hour; 

r = cubic feet of CO, in each 10,000 cu. ft. of the entering air: 

R= cubic feet of CO, which each 10,000 cu. ft. of the air in the room 
may contain for proper health conditions; 

2” = number of persons in the room; 

-6 = cubic feet of CO, exhaled by one man per hour. 

Then Pm + .6n equals cubic feet of CO, communicated to the room dur 
ing one hour. 

This value divided by v and multiplied by 10,000 gives the prams of 


CO, in 10,000 parts of the air in the room, and this should equal R, the stan- 
dard of purity desired. Therefore 


Uxr 
10,000 6n 
pn 1k oz000- +O] or v= 
v 


6000n 
ae! Waele ent) 


If we place r at 4and Rat 6,v = ———>-n = 3000n, ee Bayes try 
or the quantity of air to be supplied per person is 3000 cubic feet per hour. 

If the original air in the room is of the purity of external air, and the cubic 
contents of the room is equai to 100 cu. ft. per inmate, only 3000 — 100 = 2900 
cu. ft. of fresh air from without will have to be supplied the first hour to 
keep the air within the standard purity of 6 parts of CO, in 10,000. If the 
cubic contents of the room equals 200 cu. ft. per inmate, only 3000 — 200 = 2800 
eu. ft. will have to be supplied the first hour to keep the air within the 
standard purity, and so on. 

Sean, if we only desire to maintain a standard of purity of 8 parts of 
carbonic acid in 10,000, equation (1) gives as the required air-supply per hour 


v= wn = 1500n, or 1500 cu, ft. of fresh air per inmate per hour. 


Cubic feet of air containing 4 parts of carbonic acid in 10,000 necessary per 
Person per hour to keep the air in room at the composition of 
arts of carbonic acid in 
6 7 8 9 100380 20s Soe 


8000 2000 «1500 «1200 «1000-545 875. cubic feet. 


If the original air in the room is of purity of external atmosphere (4 parts 
of carbonic acid in 10,000), the amount of air to be supplied the first hour, 
for given cubic spaces per inmate, to have given standards of urity not 
exceeded at the end of the hour is obtained from the following table: 


VENTILATION. §29 


Proportion of Carbonic Acid in 10,000 Parts of the Air, not to 


Gubic Feet be Exceeded at End of Hour, 
of 
copes 6 z 8 9 10 15 20 
per 
Individual. 


Cubic Feet of Air, of Composition 4 Parts of Carbonic Acid in 
10,000, to be Supplied the First Hour. 


100 2900 1900 1400 1100 900 445 275 

200 2800 1800 1300 1000 800 845 175 

300 2700 1700 1200 900 700 245 75 

400 2600 1600 1100 800 600 145 | None 
500 2500 1500 1000 700 500 te ERS Ye 
600 2400 1400 900 600 400 | None }........ 
700 2300 1300 800 500 S005 clean, ccouall ine hewieks 
800 2200 1200 % 400 Ce PR (AAA 
900 2100 1100 600 300 100 top abeces}ssinsisve 
1000 2000 1000 500 200 | None |. iiseeie icine! 
1500 1500 500 None INONC')| swc0snels asousinna 
2000 1000 None ca sieeit eae atiaial sine ° secccsee 


It is exceptional that systematic ventilation supplies the 3000 cubic feet 
per inmate per hour, which adequate health considerations demand. Large 
auditoriums in which the cubic space per individual is great, and in which 
the atmosphere is thoroughly fresh before the rooms are occupied, and the 
occupancy is of two or three hours’ duration, the systematic air-supply may 
Be reduced, and 2000 to 2500 cubic feet per inmate per hour is a satisfactory 
allowance, 

Hospitals where, on account of unhealthy excretions of various kinds, the 
air-dilution must be largest, an air-supply of from 4000 to 6000 cubic feet per 
inmate per hour should be provided, and this is actually secured in some 
hospitals, A report dated March 15, 1882, by a commission appointed to 
examine the publi¢ schools of the District of Columbia, says : 

“Tn each class-room not less than 15 square feet of floor-space should be 
allotted to each pupil. In each class-room the window-space should not be 
less than one fourth the floor-space, and the distance of desk most remote 
from the window should not be more than one and a half times the height of 
the top of the window from the floor, The height of the class-room should 
never exceed 14 feet. The provisions for ventilation should be such as to 
provide for each person in a class-room not less than 30 cubic feet of fresh 
air per minute (1800 per hour), which amount must be introduced and 
thoroughly distributed without creating unpleasant draughts, or causing any 
two parts of the room to differ in temperature more than 2° Fahr., or the 
maximum temperature to exceed 70° Fahr.”’ 

When the air enters at or near the floor, it is desirable that the velocity of 
inlet should not excev:l 2 feet per second, which means larger sizes of 
register openings and fines than are usually obtainable, and much higher 
velocities of inlet than two feet per second are the rule in practice. The 
velocity of current into vent-flues can safely be as high as 6 or even 10 feet 
per second, without being disagreeably perceptible. 

The entrance of fresh air into a room is co-incident with, or dependent on, 
the removal of an equal amount of air from the room, The ordinary means 
of removal is the vertical vent-duct, rising to the top of the building. Some- 
times reliance for the production of the current in this vent-duct is placed 
solely on the difference of temperature of the air in the room and that of 
the external atmosphere; sometimes a steam coil is placed within the flue 
near its bottom to heat the air within the duct; sometimes steam pipes 
{risers and returns) run up the duct performing the same functions; or steam 
jets within the flue, or exhaust fans, driven by steam or electric power, act 
directly as exhausters; sometimes the heating of the air in the flue is ac- 
2omplished by gas-jets. 

The draft of such a duct is caused by the difference of weight of the 
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heated air in the duct, and a column of equal height and cross-sectional area 
of weight of the external air, 


Let d = density, or weight in pounds, of a cubic foot of the externa] air. A 

Let d, = density, or weight in pounds, of a cubic foot of the heated air 
within the duct. , 

Let h = vertical height, in feet, of the vent-duct. 

h(d — d,) = the pressure, in pounds per square foot, with which the air is 
forced into and out of the vent-duct. 


This pressure can be expressed in height of a cqalumn of the air of density 
within the vent-duet. and evidently the height of such column of equal 
ean} Ee 
presssure would be; Teg gE UN Sees oc 0.05, pmb are wel eae 
1 
Or, if t= absolute temperature of external air, and t; = absolute temper- 
ature of the air in vent-duct in the form, then the pressure equals 


h(t, — 0) 
ee sed: wie Behan, pamramiCe) 


The theoretical velocity, in feet per second, with which the air woulda © 
travels through the vent-duct under this pressure is 


ony MEE we. / FORD, , ets. ee ena) 


The actual velocity will be considerably less than this, on account of loss 

ue to friction. This friction will vary with the form and cross-sectional 
area of the vent-duct and its connections, and with the degree of smooth- 
ness of ifs interior surface. On this account, as well as to prevent leakage 
of air through erevices in the wall, tin lining of vent-flues is desirable, 

The loss by friction may be estimated at approximately 50%, and so we find 
for the actual velocity of the air as it flows through the vent-duct : 


v= i agn Xt + D » Or, approximately, vy = 4 { / ian a: 6 216) 


If V=velocity of air in vent-duct, in feet per minute, and the external air 
be at 32° Fahr., since the absolute temperature on Fahrenheit scale equals 
thermometric temperature plus 459.4, 


€ ST 
7=204/% 414’ ** 2 2 ee ewe 


from which has been computed the following table : 


\ 

Quantity of Air, in Cubic Weet, Discharged per Minute 
through a Ventilating Duct, of which the Cross«sec- 
tional Area is One Square Foot (the External Tempera<« 
ture of Air being 32° Fahr.). 


Excess of Temperature of Air in Vent-duct above that of 


Height of External Air, 
Vent-duct in 
feet. 
5° 10° { 15° | 20° | 25°} 80°! 50° | 100° | 180° 
10 v7? | 108) 133] 153] 171] 188] 242] 3421 419 
15 94 133 162 188 210} 2380 419 | 514 
20 108 1E3 188 217 242 265 842 | 484] 593 
25 121 171 210 242 27 297 541 663 
30 1 188 230 265 297 825 419 593 726 
35 143 | 203) 248 286 820} 851 453 | 640] 784 
40 217 | 265 306 342 875 484 656 838 
45 162 | 230] 282] 825] 363] 895} 51a] 476 | geo 


wns es : nae ah SOS OTN, CaS 
ea eaeeeee figures in above table by 60 gives the cubic feet of air dis- 
charged per hour per square foot of cross-section of vent-duct. Knowing 
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the cross-sectional area of vent-ducts we can find the total discharge; or 
for a desired air-removal, we can proportion the ¢ross-sectional area of 
vent-ducts required. 

Artificial Cooling of Air for Ventilation. (Engineering 
News, July 7, 1892.)—A pound of coal used to make steam for a fairly effi- 
cient refrigerating-machine can produce an actual cooling effect equal to 
that produced by the melting of 16 to 46 lbs. of ice, the amount varyin 
with the conditions of working. Or, 855 heat-units per lb. of coal converte 
into work in the refrigerating plant (at the rate of 3 lbs. coal per horse- 
power hour) will abstract 2275 to 6545 heat-units of heat from the refriger- 
ated body. If we allow 2000 cu. ft. of fresh air per hour per person as suffi- 
cient for fair ventilation, with the air at an initial temperature of 80° F., its 
weight per cubic foot will be .0736 lb.; hence the hourly supply per person 
will weigh 2000 x .0786 lb. = 147.2 lbs. To cool this 10°, the specific heat of 
air being 0,238, will require the abstraction of 147.2 x 0.228 x 10 = 350 heat- 
units per person per hour, , 

Taking the figures given for the saab aati effect per pound of coal as 
above stated, and the required abstraction of 350 heat-units per person per 
hour to have a satisfactory cooling effect, the refrigeration obtained from a 
pound of coal will produce this cooling effect for 2275 + 350 = 614 hours with 
the least efficient working, or 6545 +- 350 = 18.7 hours with the most efficient 
working. With ice at $5 per ton, Mr. Wolff computes the cost of cooling with 
ice at about $5 per hour per thousand persons, and concludes that thisis too 
expensive for any general use. With mechanical refrigeration, however, if 
we assume 10 hours’ cooling per person per pound of coal as a fair practical 
service in regular work, we have an expense of only 15 cts. per thousand 
persons per hour, coal being estimated at $2 per short ton. This is for fuel 
alone, and the various items of oil, attendance, interest, and depreciation on 
the pene etc., must be considered in making up the actual total cost of 
mechanical refrigeration. 

Mine-ventilation—Friction of Air in Underground Pas- 
sages,.—In ventilating a mine or other underground passage the resistance 
to be overcome is, according to most writers on the subject, proportional to 
the extent of the frictional surface exposed; that is, to the product lo of the 
length of the gangway by its perimeter, to the density of the air in circula- 
tion, to the square of its average speed, v, and lastly to a coefficient k, whose 
numerical value varies according to the nature of the sidesof the gangway 
and the irregularities of its course. 

The formula for the loss of head, neglecting the variation in density as 


2 
unimportant, is p = as in which p = loss of pressure in pounds per square 


foot, s = square feet of rubbing-surface exposed to the air, v the velocity of 
the airin feet per minute, a the area of the passage in square feet, and k the 
coefficient of friction. W. Fairley, in Colliery Engineer, Oct. and Nov. 
1893, gives the following formule for all the quantities involved, using the 
same notation as the above, with these additions: h = horse-power of ven- 
tilation; / = length of air-channel; o = perimeter of air-channel; g = quan- 
tity of air circulating in cubic feet per minute; w = units of work, in foot- 
pounds, applied to circulate the air: w = water-gaugeininches. Then, , 


ksv2  kesv? ksv3 uw @q 


1. a = —= — = _—=-. 
P u py >pv v 
UC alee es 
2 hea PEN OB) Ki 
8. A ee Pee 
""~ gyi su3 suka sul a 
& pa 
4. bo = hs5 
lg et tit 
§.0=7 =i 
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ee he) ieete ae jae, u 
8. Sebo or Aer a a” 
sO RP a 
* oF has bolas dant 
ksv2q 


10. u=qp=vpa= =ksv® = 5.2qw = 33,000h, 


gp _ vpa 

pa GP ee. 

ay ks ks ks° 
p _ ksv? 

Mh w= a bag 


To find the quantity of air with a given horse-power and efficiency (e) of 


engine: 
_ bX 83,000 x e 
a eee 


The value of k, the coefficient of friction, as stated, varies according to 
the nature of the sides of the gangway. Widely divergent values have been 
given by different authorities (see Colliery Engineer, Nov. 1893), the most 
generally accepted one until recently being probably that of J. J. Atkinson, 
0000000217, which is the pressure per square foot in decimals of a pound for 
each square foot of rubbing-surface and a velocity of one foot per minute. 
Mr. Fairley, in his ‘‘ Theory and Practice of Ventilating Coal-mines,” gives a 
value less than half of Atkinson’s, or .00000001; and recent experiments by D. 
Murgue show that even this value is high under most conditions. Murgue’s 
results are given in his paper on Experimental Investigations in the Loss of 
Head of Air-currents in Underground Workings, Trans. A. I. M. E., 1893. 
vol. xxiii. 63. His coefficients are given in the following table, as determined 
in twelve experiments: 


q 


Coefficient of Loss of 

Head by Friction. 
French. British. 
.00092 


Straight, normal section..............<+ - 000,000, 00486 

Rock. Straight, normal section. Shetaae -000,000,00497 
gangways. | Straight, large section... -000,000,00549 
Straight, normal section... -000,000,00645 

(Straight, normal section.. -000,000,00158 

Brick-lined | Straight, normal section .000,000,00190 
arched Continuous curve, normal section Ese -000,000,00328 
gangways. | Sinuous, intermediate section... Wel) -009,000,00269 
Sinuous, small section...........0...+0- x -000,000,00291 

ri Straight, normal section -000,000,00888 

: pepe Strate normal section i -000,000,00761 
Bangways. (Slightly sinuous, small section kf .000,000,01257 


The French coefficients which are given by Murgue represent the height 
of water-gauge in millimetres for each Square metre of rubbing-surface and 
a velocity of one metre per second. To convert them to the British measure 
of pounds per square foot for each square foot of rubbing-surface and a 
velocity of one foot per minute they haye been multiplied by the factor of 
conversion, .000005283. For a velocity of 1000 fect per minute, since the loss 
- rae renies as v?, move the decimal point in the cvefficients six places to 

e right 
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Equivalent Orifice.—The head absorbed by the working-chambers 
of a mine cannot be computed a priori, because the openings, cross-pas- 
Sages, irregular-shaped gob-piles, and daily changes in the size and shape of 
the chambers present much too complicated a network for accurate 
analysis. In order to overcome this difficulty Murgue proposed in 1872 the 
method of equivalent orifice. This method consists in substituting for the 
mine to be considered the equivalent thin-lipped orifice, requiring the same 
height of head for the discharge of an equal volume of air. The area of 
this orifice is obtained when the head and the discharge are known, by 
means of the following formule, as given by Fairley: 

Let Q = quantity of air in thousands of cubic feet per minute; 

= inches of water-gauge; 
A = area in square feet of equivalent orifice, 
Then 


USN Sa Ses wD \2 
Ve aye 8 pare ; w= 0.1860 x (2)*, 


Motive Column or the Head of Air Due to Differences 
of Temperature, ete. (Fairley.) 
Let M = motive column in feet; 
7 = temperature of upcast; 
J = weight of one cubic foot of the flowing air; 
t = temperature of downcast; 
D = depth of downcast. 


Then 


To find diameter of a round airway to pass the same amount of airas a 
square airway the length and power remaining the same: 
Let D = diameter of round airway, A= area of Square airway; O= peri- 
5/ A? X 3.1416, 
meter of square airway. Then D3= 78548 x O 


If two fans are employed to ventilate a mine, each of which when worked 
Separately produces a certain quantity, which may be indicated by A and B 
then the quantity of air that will pass when the two fans are worked together 


will be Vs + BS, (or mine-ventilating fans, see page 521.) 


Relative Efficiency of Fans and Heated Chimneys for 
Ventilation.—wW. P. Trowbridge, Trans. A. S. M. E. vii. 531, gives a theo- 
retical solution of the relative amounts of heat expended to remove a given 
volume of impure air by a fan and by a chimney. Assuming the total effi- 
ciency of a fan to be only 1/25,'which is made up of an efficiency of 1/10 for 
the engine, 5/1C for the fan itself, and 8/10 for efficiency as regards friction, 
the fan requires an expenditure of heat to drive it of only 1/38 of the amount 
that would be required to produce the same ventilation by a chimney 100 ft. 
high. For a chimney 500 ft. high the fan will be 7.6 times more efficient. 

In all cases of moderate ventilation of rooms or buildings where the air - 
is heated before it enters the rooms, and spontaneous ventilation is pro- 
duced by the passage of this heated air upwards through vertical flues, 
no special heat is required for ventilation; and if such ventilation be suffi- 
cient, the process is faultless as far as cost is concerned. This is a condition 
of things which may be realized in most dwelling-houses, and in many halls, 
schoolrooms, and publie buildings, provided inlet and outlet flues of ample 
cross-section be provided, and the heated air be properly distributed. 

Tf a more active ventilation be demanded, but such as requires the small- 
est amount of power, the cost of this power may outweigh the advantagés 
of the fan, There are many cases in which steam-pipes in the base of a 
chimney, requiring no care or attention, may be preferable to mechanical 
ventilation, on the ground of cost, and trouble of attendance, repairs, etc. 


a 


* Murgue gives 4 = balay and Norris A = SARS. See page 521, ante. 
Vv Vw 


w 
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The following figures are given by Atkinson (Coll. Engr., 1889), showing 
the minimum depth at which a furnace would be equal to a ventilating- 
machine, assuming that the sources of loss are the same in each-case, ie., 
that the joss of fuel in a furnace from the cooling in the upcast is equivalent 
to the power expended in overcoming the friction in the machine, and also 
assuining that the ventilating-machine utilizes 60% of the engine-power. The 
coal consumption of the engine per I.H.P. is taken at 8 lbs. per hour: 


Average temperature in upeast....... 100° F. 150° F, 200° F, 
Minimum depth for equal economy... 960 yards. 1040 yards. 1130 yards, — 


Heati and Ventilating of Large Buildings, (A. R. 
Wolff, conan Frank. Inst., 1803.)—The transmission of heat from the interior 
to the exterior of a room or building, through the walls, ceilings, windows, 
etc., is calculated as follows: 

S = amount of transmitting surface in square feet; 

= temperature F. inside, tp = temperature outside; 

K =a Coefficient representing, for various materials composing buildings, 
the loss by transmission per square foot of surface in British ther. 
mal units per hour, for each degree of difference of temperature 
on the two sides of the material; 

Q = total heat transmission = SK (t — 4p). 


This quantity of heat is also the amount that must be conveyed to the 
room in order to make good the loss by transmission, but it does not cover 
the additional heat to be conveyed on account of the change of air for pur- 

oses of ventilation, The coefficients K given below are those prescribed by 
law by the German Government in the design of the heating plants of its 
pale buildings, and generally used in Germany for all buildings. They 

ve been converted into American units by Mr. Wolff, and he finds that 
they agree well with good American practice; 


Vauve or K ror Bacu Square Foor or Brick WALI. 


eat 4” 8 127 167 20 247 eB gor 3g” ager 


K = 0.68 0.46 0.82 0.26 0.23 0.20 0.174 0.15 0.129 0.115 


1sgq. ft., wooden-beam construction, ) ..........aS flooring, K = 0,083 
planked over or ceiled, sseeeee---28 Ceiling, K = 0,104 
1 . ft., fireproof construction, ) .. -».a8 flooring, K = 0.124 


‘oored over, aa -.as ceiling, K = 0.145 
PRG oee aI PIO WANGOW: Gaatte cu cean tenga cN caren ter eat K = 1.030 
1 sq. ft., single skylight... Angie: © seopesccessesccces Mi Allo 


1 sq. ft., double window.. seerecrccsccsccsccesccsoree. A= 0,518 
1 sq. ft., double skylight.............-0006 strseeeeecseereers K = 0,621 
DAT RERMOODE ai nnig cnt ip oh pccewarey sooth fk coe ee ae 0.414 


These coefficients are to be increased respectively as follows: 10% when the 
exposure is a northerly one, and winds are to be counted on as important 
factors; 10% when the building is heated during the daytime only, and the 
iocation of the building is not an exposed one; 30%¢ when the building is 
heated during the daytime only, and the location of the building is exposed; 
50% when the building is heated during the winter months intermittently, 
with long intervals (say days or weeks) of non-heating. 

The value of the radiating-surface is about as follows: Ordinary bronzed 
cast-iron radiating-surfaces, in American radiators (of Bundy or similar 
type), located in rooms, give out about 250 heat-units per hour for each 
square foot of surface, with ordinary steam-pressure, say 3 to 5 lbs. per sq. 
in., and about 0.6 this amount with ordinary Kotewaice heating. 

Non-paiated radiating-surfaces, of the ordinary “ indirect.” type (Climax 
or pin surfaces), give out about 400 heat-units per hour for each square foot 
of heating-surface, with ordinary steam-pressure, say 8 to 5 lbs. per sq. in,; 
and about 0.6 this amount with ordinary hot-water heating. 

A person gives out about 400 heat-units per hour; an ordinary gas-burner, 
about 4800 heat-units per hour; an incandescent electric (16 candle-power) 
light, about 1600 heat-units per hour. 

The following example is given by Mr. Wolff to show the application of 
the formula and coefficients: 

Lecture-room 40 x 60 ft., 20 ft. high, 48,000 cubic feet, to be heated to 
69° F.; exposures as follows: North wall, 60 x 20 ft., with four window: 
each 14 <8 feet, outside temperature 0° F, Room beyond west wall ud 
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room overhead heated to 69°, except a double skylight in ceiling, 14 « 24 ft., 
exposed to the outside temperature of 0°. Store-room beyond east wall at 
86°. Door 6 X 12 ft. in wall. Corridor beyond south wail heated to 59°. 
Two doors, 6 X 12, in wall. Cellar below, temperature 36°, 

The following table shows the calculation of heat transmission: 


So 
a ng oo 

i Dem i DO]JA i} 

sa S— %| Calculation | ©3 | 3 . 

& 3 Kind of Transmitting S33] of Areaof | o& Be g3 
pis Surface. ‘S 2|\Transmitting 82 \s 38 

13 Es” Surface. Ess es = 
69° |Outside wall................-| 86” | 63 22 — 448] 938| 9 8,442 
69 |Four windows (single)...... 4x 8X 14) 448] 72 82,256 
33 Inside wall (store-room)..... 36” | 42x 22— 72) B52] 4 8,408 
me OOF son ce eee eae cecnes 6 x 12 72119 1,368 
10 [Inside wall (corridor).......} 24” | 45x 22— 721 918 2 1,836 
10 |Door... 6x 12 72 360 
10 17K 22— 72) 302 302 
10 6x 12 (3 360 
69 82 X 42 — 386| 1,008 080 
69 14 x 24 836 448 
33 OOK waives Scales ever eceecse 62 X 42 2,6 

Supplementary allowance, north outside wall, 10%..... 


north outside windows, 10%.. 


87,346 
Exposed location and intermittent day or night use, 30%... 26.204 
Total thernial untte:- 302 ee ae ae 113,550 


If we assume that the lecture-room must be heated to 69 degrees Fahr. in 
the daytime when unoccupied, so as to be at this temperature when first 
persons arrive, there will be required, ventilation not being considered, and 

ronzed direct low-pressure steam-radiators being the heating media, about 
113,550 +- 250 = 455 sq. ft. of radiating-surface. (This gives a ratio of about 
405 cu. ft. of contents of room for each sq. ft. of heating-surface.) 

If we assyme that there are 160 persons in the lecture-room, and we pro- 

vide 2500 cubic feet of fresh air per person per hour, we will supply 160 x 


_ / 2500 = 400,000 cubic feet of air per hour (ie., peat iL over eight changes of 


48,000 

contents of room per hour), F , 
To heat this air from 0° Fahr. to 69° Fahr. will require 400,000 x 0.0189 x 
69 = 521,640 thermal units per hour (0.0189 being the product of a weight of 
a cubic foot by the specific heat of air). Accordingly there must be provided 
521,640 + 400 = 1304 sq. ft. of indirect surface, to heat the air required for 
' ventilation, in zero weather, If the room were to be warmed entirely indi- 
rectly, that is, by the air supplied to room (including the heat to be conveyed 
to cover loss by transmission through walls, etc.), there would have to be 
conveyed to the fresh-air supply 521,640 +- 118,550 = 635,190 heat-units. This 
_ would imply the provision of an amount of indirect heating-surface of the 
“ Climax ” type of 635,190 -+ 400 = 1589 sq. ft., and the fresh air entering the 
room would have to be at a temperature of about 8° Fahr., viz., 69° = 


13,550 

Nt ee, OF 6 5 = 84° Fahr. 
300,000 x 0.0180" OT 09 + 15 = 4° F 

_ The above calculations do not, however, take into account that 160 per- 
sons in the lecture-room ties out 160 < 400 = 64,000 thermal units per hour; 
and thas, say, 50 electric lights give out 50 x 1600 = 80,000 thermal units per 
hour; or, say, 50 gaslights, 50 x 4800 = 240,000 thermal units per hour. The 
presence of 160 people and the sex labile would diminish considerably the 
amount of heat required, Practically, it appears that the heat generated- 
by the presence of 160 people, 64,000 heat-units, and by’50 electric lights, 
80,000 heat-units, a total of 144,000 heat-units, more than covers the amount 
of heat transmitted through walls, ete. Moreover, that if the 50 gaslights 
give out 240,000 thermal units per hour, the air supplied for ventilation must 
enter considerably below 69° Fahr., or the .room will be heated to an 
unbearably high temperature. If 400,000 cubic feet of fresh air per hour 
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are supplied, and 240,000 thermal units per hour generated by the gas must 
be abstracted, it means that the air must, under these conditions, enter’ 


400.000 < 0155 an ~~ 0183 = about 32° less than 84°, or at about 52° Fahr, Further- 
more, the additional vitiation due to gaslighting would necessitate a much 
larger supply of fresh air than when the vitiation of the atmosphere by the 
people alone is considered, one gaslight vitiating the air as much as five 
men. 

Various Rules for Computing Radiating-surface.—The 
following rules are compiled from various sources. They are more in the 
nature of “rule-of-thumb” rules than those given by Mr. Wolff, quoted 
above, but they may be useful for comparison. : 

Divide the cubic feet of space of the room to be heated, the square feet 
of wall surface, and the square feet of the glass surface by the figures 
given under these headings in the following table, and add the quotients 
together; the result will be the square feet of radiating-surface Tequired, 
(F. Schumann.) 


Sprace, Watt AnD Giass SURFACE wHIcH OnE Square Foor of RADIATING: 
SURFACE WILL HEAT. 


£ i 3 Exposure of Rooms. 
nn 
& iésl8 All Sides. Northwest. Southeast. 
a a 2 [=| : 
a |a5/a 
& |s#/o4] wan | Glass | walt | Glass | wall | Glass 
oOo oo 
= |$8|3 | Surface, | Surface, | Surface, | Surface, | Surface, { Surface, 
4 is ie sq. ft. sq. ft, sq. ft. sq. ft. sq. ft. sq. ft. 
Once} 1} 190] 13.8 7 15.87 | 8.05 | 16.56 | 8.4 
per | 3] 210} 15.0 %.7 17.25 8.85 18.00 9.24 
hour.| 5 | 225) 16.5 8.5 18.97 9.77 19.80 10.20 
Twice] 1{ %5} 11.1 5.7 12.76 6.55 13.22 6.84 
per 8] 82) 12.1 6.2 13.91 7.13 14.52 7.44 
hour.! 5} 90] 13.0 6.7 14.52 7.60 15.60 8.04 


Emission oF H&AT-UNITS PER SQUARE FOOT PER Hour FROM CAST-IRON PIPES 
on Raniators. TEMP. oF AIR IN Room, 70°F. (F. Schumann.) 


oe 


By Radiation 
Mean Temperature of By Contact. By Raai.|___ 20d Contact. 
Heated | Pipe, Radig- rf aia ; 
r, ete, Air quiet. moving: Air quiet.} ing! 


92.52 59.63 115.14 152.15 
109.18 69.69 135.14 178.87 
126.13 80.19 155.87 206.32 


iJ 


Seesseses 


880.91 | 267.73 | 496.28 k 
a 401.41 | 279.12 | 519.97 | 680.53 
nc OE 240-85 | 401.4 | 279.12 | 519.97 | 680.53 


a 
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RADIATING-SURFACE REQUIRED FoR DirFERENT KInps or BUILDINGS. 

The Nason Mfg. Co.’s catalogue gives the following: One square foot of 
surface will heat from 40 to 100 cu. ft. of space to %5° in — 10° latitudes, 
This range is intended to meet conditions of exposed or corner rooms of 
buildings, and those less so, as intermediate ones of « block. Asa general 
rule, 1 sq. ft. of surface will heat 70 cu. ft. of air In outer or front rooms and 
100 cu. ft. in inner rooms. In large stores in cities, with buildings on each 
side, 1 to 100 is ample. The following are approximate proportions: 

One square foot radiating-surface will heat: 


In dwellings, In hall, stores, In churches, large 


schoolrooms, lofts, factories, auditoriums, 
y offices, etc. ete. etc. 
By direct radiation... 60 to 80 ft. 75 to 100 ft. 150 to 200 ft, 
By indirect radiation. 40 to 50 “ 50 to 70 ‘* 100 to 140 ** 


Isolated buildings exposed to prevailing north or west winds should have 
2 generous addition made to the heating-surface on their exposed sides, 

The following tule is given in the catalogue of the Babcock & Wilcox Co., 
and is also recommended by the Nason ae: Co.: 

Radiating-surface may be calculated by the rule: Add together the square 
feet of gies in the windows, the number of cubic feet of air required to be 
change r minute, and one twentieth the surface of external wall and 
roof; multiply this sum by the difference between the required temperature 
of the room and that of the external air at its lowest point, and divide the 
product by the difference in temperature between the steam in the pipes 
fgnd the required temperature of the room. The quotient is the required 
radiating-surface in square feet. eG 4 

Prof. R. C. Carpenter (Heating and Ventilation, Feb. 15, 1897), gives the 
following handy formula for the amount of heat required for heating build- 
ings by direct radiation: 


h=PO+G+¥4M, 


in which W = wall-surface, G = glass- or window-surface, both in sq. ft., 
C = contents of building in cu. ft., n = number of times the air must be 
changed per hour, and h = total heat units required per degree of difference 
of temperature between the room and the surrounding space. To heat the 
_, building to 70°F. when the outside temperature is 0°, 70 times the above 
quantity of heat will be required. Under ordinary conditions of pressure 
and temperature 1 sq. ft. of steam-heating surface will supply 480 heat units 
per hour, and 1 sq. ft. of hot-water heating surface 175 heat units per hour. 
The square feet of radiating-surface required under these conditions will 
be R= 0.25h for steam-heating, and R = 0.4 for hot-water heating. Prof. 
Carpenter says that for residences it is safe to assume that the air of the 
principal living-rooms will change twice in an hour, that of the halls three 
~ times and that of the other rooms once per hour, under ordinary condi- 
tions. 
Overhead Steamepipes, (A. R. Wolff, Stevens Indicator, 1887.)— 
When the overhead system of steam-heating is employed, in which system 
irect radiating-pipes, usually 134 in. in diam., are placed in rows overhead, ; 
- suspended upon horizontal racks, the pipes running horizontally, and side 
by side, around the whole interior of the building, from 2 to 3ft. from the 
walls, and from 2 to 4 ft. from the ceiling, the amount of 14 in. pipe re- 
quired, according to Mr. C. J. H. Woodbury, for heating mi Is (for which 
* use this system is deservedly much in vogue), is about 1 ft. in length for 
every 90 cu. ft. of space. Of course a great range of difference exists, due 
to the special character of the operating machinery in the mill, both in re- 
' spect to the amount of air circulated by the machinery, and also the aid to 
_ warming the room by the friction of the journals. , 
Indirect Heating-surface.—J. H. Kinealy, in Heating and Ven-~ 
- tilation, May 15, 1894, gives the following formula, deduced from results of 
_ experiments by C, B. Richards, W. J. Baldwin, J. H. Mills, and others, upon 
indirect heaters of various kinds, supplied with varying amounts of air per 
hour per square foot of surface: 


35.04 35.04 
Wa -p—7 —i M=(%— 7) (0800+ 5%) 4m, 


: —_— — 0.369 
Io—T; 
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N= cubic feet of air, reduced to 70° F., supplied to the heater per square 
foot of heating-surface per hour; T, = temperature of the steam or water 
in the heater: T, = temperature of the air when it enters the heater; 
T, = temperature of the air when it leaves the heater. ~ 

As the formula is based upon an average of experiments made upon all 
sorts of indirect heaters, the results obtained by the use of the equation 
may in some cases be slightly too small and in others slightly too large, 
although the error will in no case be great. No single formula ought to ba 
expected to apply equally well to all dispositions of heating-surface in in- 
direct heaters, as the efficiency of such heater can be varied between such 
wide limits by the construction and arrangement of the surface. 

in indirect heating, the efficiency of the radiating-surface will increase, 
and the temperature of the air will diminish, when the quantity of the air 
caused to pass through the coil increases. Thus 1 sq. ft. iating-surface, 
with steam at 212°, has been found to heat 100 cu. ft. of air per hour from 
zero to 150°, or 300 cu. ft. from zero to 100° in the same time. The best re- 
sults are attained by using indirect radiation to supply the necessary venti< 
lation, and direct radiation for the balance of the heat. (Steam.) 

In indirect steam-heating the least flue area should be 1 to 14 84. in. 
to every square foot of heating-surface, provided there are no long horizon- 
tal reaches in the duct, with little rise. register should have twice the 
area of the duct to allow for the fretwork. For hot-water heating from 25% 
to 30% more heating-surface and flue area should be given than for low- 
pressure steam. (Engineering Record, May 26, 1894.) j 

Boiler Heating-surface Required, (A. R. Wolff, Stevens Indi- 
eator, 1837.)—Whena the direct system is used to heat buildings in which the 
Street floor is a store, and the upper floors are devoted to sales and stock- 
rooms and to light manufacturing, and in which the fronis are of stone or 
iron, and the sides and the rear of building of brick—a safe rule to follow isto 
supply 1 sq. ft. of boiler heating-surface for each 700 cu. ft., and 1 sq. ft. of 
radiating-surface for each 100 cu. ft. of contents of building: 

For heating milis, shops, and factories, 1 sq. ft. of boiler heating-surface 
should be supplied for each 475 cu. ft. of contents of building; and the same 
allowance should also be made for heating exposed wooden dwellings. For 
heating foundries and wooden shops, 1 sq. ft. of boiler heating-surface 
should be provided for each 400 cu. ft. of contents; and for structures in 
which glass enters very largely in the construction—such as conservatories, 
exhibition buildings, and the like—1 sq. ft. of boiler heating-surface should 
be provided for each 275 cu. ft. of contents of building. 

en the indirect system is employed, the radiator-surface and the boiler 
capacity to be provided will each have to be, on an average, about 25% more 
than where direct radiation is used. This percentage also marks approxi- 
mately the increased fuel consumption in the indirect system. 

Steam (Babcock & Wilcox Co.) has the following: 1 sq. ft. of boiler-surface 
will supply from 7 to 10 sq. ft. of radiating-surface, depending upon the size 
of boiler and the efficiency of its surface, as well as that of the radiatin B- 
surface. Smail boilers for house use should be much larger proportionately 
than large plants. Each horse-power of boiler will supply from 240 to 360 
ft. of 1-in. steam-pipe, or 80 to 120 sq. ft. of radiating-surface. Cubic feet 
of space has little to do with amount of steam or surface required, but is a 


convenient factor for rough calculations. Under ordi conditions 1 
horse-power will heat, approximately, in— 
Brick dwellings, in blocks, as in cities........ 15,000 to 20,000 cu. ft. 
** stores Sh Ge eae eee esas aan 10,000 “* 15,000 ‘ 
e dwe' J all round.. --- 10,000 “ 15,000 “* 


owe We 
Wooden dwellings, exposed...... 7,000 “ 10,000 “* 
Beanitice and wenden end. a 
Exhibition buildings, largely glass, ete....... 4,000 “ 15,000 “ 
Steam-consumption in Car-heating. 
C., M. & Sr. Paut Ramway Tests, (Engineering, June 27, 1890, p. 764.) 


Water of di 
Outside Tem ture, Inside Temperature. per Ppp ag 
— 70 70'Ibs. 


30 70 
10 70 100 


B er er: 
Re , Z 4 eve Ee 
ae 
i a os 4 “g | decesaauazaaegs 1 
P a r E 2 bbe pe bs kfc ® g 
d Ha) = g | Beegeauesasae we Dade 9 igeges 
wie re gasaeeve S822 2 SHH [agen 
Haes ange vided $4 (228 Pee pnpene 
bila 4 iaseeneasoet le ee 
NY 1 yt ott dl th gi at pl 1 ‘ COMO) 
a fees ail 3 | & | gessses: snadaasdsaaee| J iis eeeil fi fpbebaee : 
5 qi! i i [erst i ee [bepeeesti 
a i occ Aochehahi dara dead = g i) 4 q : q 
a4 = a | g Easrues; Meloicioiiecded te has dees 434 ogascieete i, 
: His i A e| Eegurauceaaqeesensaze fe HE E bbbepbbele 
( olarav anes PSH ad S| S riot 
us eis giaueqagagneey ea j=) F a ; | anenunue ; 
° % i edetyiat ster ry v| ror ia 
: i : A i Gisssccasa duddadndd oe an Ff g : daassass 3 
aI {feteereeeentat fold ee 
id be 3 | # | be Sade rtcdeateiaads eee pan ase 9 
ey ees aguaqarazcarmnesiae uae aa 
Qo Sayeipen “Se9eee ppc hatha ahah ht hte bd bye im deesega 8, rate EB 
. aaaeasaaaaaeae Cre HT | A iis 1 
; eRSeR SSS Es eRe ve’ Eas : de 
eel ved vol * B d a $3348 
eee|* Lewes Bg 8] 3a ore [GES 
sSSSS I aMtea Tadd) # | "798088 BF 
ae Ae are ti Phos ~ — 


540 HEATING AND VENTILATION. 


Physical Properties of Steam and Condensed Water, 
ae Conditions of Ordinary Practice in Warming by 
Steam, (Briggs.) 


j { Steam-pressure j above atm...| Ibs. 


] per square inch} total.... .... Tbs. 
B| Temperature of steam..........} Fahr. | 
C\Temperature of air............. Fahr. 
D/Difference = B—C€ .... -..-..- Fahr. 


Heat given out per minute per 

E 00 ey ft. of eae es 456 | 485 | 537 
face= D X3 15 

F)| Latent heat of steam.. oces-). BAnP. | 965° 


& 
H 


Volume of 1 Ib. weight of steam cu. ft. | 26.4 22.1 | 16.2 5.70 
Weight of 1 cubic foot of steam| Ib. (0.0380/0.0452 0.06180. jase 0.1752 


Volume Q of steam per minute ° 
to give out E units cu. ft.) 12.48 ae 9.20 | 6.44 | 4.70 


=EX6é+-F. 


Neer s of 1 cubic foot of con- } 
sos Water at tempera-| > Ibs. | 59.64) 59.51 59.05) 58.07) 57.03 
pase 


Volume of condensed water to : 
| return to boiler ner minute} >cu. 5 ies -0085 Ae 0096 |0.0120/0.0144 
te | 


74 


L 
=JIxXH= | 
ead of steam cceiiaiot to 
12 inches oo feet | 1569 
K+ . 


bf 1817 | 955.5) 536.7] 325.5 


— 


STEAM-sUPPLY Marys, 
| Head h of steam, equivalent 
N 


to assumed 2 inches water- ; 
column for F producing eters feet | 261.5) 219.5) 159.3) 89.45] 54.25 


flow 


eernal ak dine d of tube* a 
P} "for ow O wien fae. 1 ne | ¢ inch | 0.484) 0.481] 0.474! 0.461] 0.449 


Do. __do. when] = 100feet,| inch | 1.217) 1.207| 1.190) 1.158] 1.198 


Ratios of values of d. ratio | 1. 023) 1.015/1. 1.000) 0. 973 0.948 
ATER-RETURN Marys. 
Head h assumed at }<-inch 

T water-column for producing| } foot |0.0417/0.0417|0.0417/0.0417'0.0417 

full-bore water-flow Q, | 

U are diameter d of tube* f mach | 
for flow Qwhenl= 1 foot, 0.147) 0°151) 0.158} 0.173] 0.186 
¥ Do. do. when = 100 feet,| inch | 0.368] 0.379 0.398) 0.434) 0.468 
WiRatios of values of d... ....... ratio | 0.926] 0.952/1.000) 1.092! 1.176 


*P, R, U, V are each determined from the formula d = o.sm4/ SE. 


Size of Steam Pipes for Steam Heating. (See also Flow of 
Steam in Pipes.)—Sizes of vertical main pipes. Direct radiation. (J. RB. 
Willett, Heating and Ventilation, Feb., 1894.) 

Diameter of pipe,inches. 1 1144 116 2 26 «3 4 5 6 
Sq. ft. of ra surface 40 70" 110 220 360 560 810 1110 2000 3000 


A horizontal branch pipe for a given extent of radiator surface should be 
one size larger than a vertical pipe for the same surface. 
The Nason Mfg. Co. gives the following: 
Diameter of pipe, in ....... 16. 2--e- 8 
Radiator sui Sq. ft. (maximum)... is ¥ 500 1000 1500 
When mains and surfaces are very much ative the boiler the pipes need 
not be as large as given above: under very. favorable circumstances and 


a) 
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A. R. Wolff's Practice.—Mr, Woiff gives the following figures showing his 
present practice (1897) in proportioning mains and returns. They are based 
on an estimated loss of pressure of 2¢ for a length of 100 ft. of pipe, not in- 
eluding allowance for bends and valves (see p. 678). For longer runs divide 
the thermal units given in the table by 0.1 4/ length in ft. Besides giving the 
thermal units the table also indicates the amount of direct radiating surface 
which the steam-pipes can supply, on the basis of an emission of 250 thermal 
units per hour for each square foot of direct radiating surface. 

Size of Pipes for Steam Heating. 


¥ ZF 2|2 Ibs. Pressure|5 Ibs. Pressuref «| <(2Ibs. Pressure'5 lbs. Pressure 
ol A er ea See ies Pepe Spee Sa 
Si Crec Sea ce SMS SSS Sls ereales seeca|eo. 
PHER gin e|S2& |For 2|ssilaciea|sfne 23h |Bonelese 
OF [sogsisssisoseissor  |[s5selese cS5ssieeu 
In. BS Shim ele peeFIn|Irje Poise So Seinen 
ae 9 | 36 60} 5 | 314) 930 | 3720, 1550 | 6200 
134) 1 13 | 72 120} 6 | 3%! 1500} 6000} 2500 | 10000 
144) 144] 30 | 120 200} 7| 4 | 2250} 9000) 3750 | 15000 
2°| 144] 70 | 280 4807 814 | 3200 | 12800) 21600 
26 2 | 132 | 528 £80 | 9 | 426) 4450 | 17800, 7500 | 30000 
3 | 26 225 | 900 1500 $10 | 5 | 5800 | 23200! 9750 } 39000 
316| 216) 330 | 1320 2200 12 | 6 | 9250 | 37000! 15500 | 62000 
4 13 | 480 | 1920 3200 J 14] 7 | 13500 | 54000! 23000 | 92000 
43413 | 690 | 2760 161.8 | 19000 | 76000' 32500 {130000 


Heating a Greenhouse b Steam.—Wm. J. Baldwin answers a 
question in the American Muchinist as below: With five pounds steam- 
essure, how many square feet or inches of heating-surface is necessary to 
eat 100 square feet of glass on the roof, ends, and sides of a greenhouse 
in order to maintain a night heat of 55° to 65°, while the thermometer out- 
side ranges at from 15° to 20° below zero ; also, what boiler-surface is neces- 
sary? Which is the best for the purpose to use—2” pipe or 1144” pipe ? 
Ans.—Reliable authorities agree that 1.25 to 1.50 cubic feet of air inan 
enclosed space will be cooled per minute per sq. ft. of glass as many degrees 
as the internal temperature of the house exceeds that of the air outside. 
Between + 65? and — 20° there will be a difference of 85°, or, say, one cubic 
foot of air cooled 127.5° F. for each sq ft. of glass for the most extreme 
condition mentioned. Multiply this by the number of square feet of 
glass and by 60, and we have the number of cubic feet of air cooled 1° per 
hour within the building orhouse. Divide the number thus found by 48, and 
it gives the units of. heat required, approximately. Divide again by 953, 
&nd it will give the number of pounds of steam that must be condensed from 
& pressure and temperature of five pounds above atmosphere to water at 
the same temperature in an hour to maintain the heat. Each Square foot 
of surface of pipe will condense from \% to nearly %&% Ib. of steam per hour, 
according as the coils are exposed or well or poorly arranged, for which 
an average of 34 1b. may befaken. According to this. it will require 3 sq. ft. 
of pipe surface per Ib. of steam to be condensed. Proportion the hea’ ES 
‘ace of the boiler to have about one fifth the actual radiating-surface, if 
you wish to keep steam over night, and Peers the grate to burn not 
more than six pounds of coal per sq. ft. o grate perhour. With very slow 
combustion, such as takes place in base-burning boilers, the grate might be 
proportioned for four to five pounds of coal perhour. It is cheaper to make 
Coils of 134” pipe than of 2’, and there is nothing to be gained ry ree ad 
Pipe unless the coils are very long. The pipes in a greenhouse shoul be 


4 


542 H¥ATING AND VENTILATION. 


under or in front of the benches, with every chance for a good circulation 
of air, ‘‘ Header” coils are better than “‘return-bend” coils for this purpose. 

Mr. Baldwin’s rule may be given the following form: Let H = heat-units 
transferred per hour, 7’ = temperature inside the greenhouse, t = tempera- 
ture outside, S = sq. ft. of glass surface; then H = 1.58(7' — t) x 60 + 48 
= sue easte a t). Pee Wolff’s coefficient K for single skylights would give 
H = 1.118S(T — ). 

Heating a Greenhouse by Hot Water.—W. M. Mackay, of the 
Richardson & Boynton Co., in a lecture before the Master Plumbers’ Asso- 
ciation, N. Y., 1889, says: I find that while greenhouses were formerly 
heated by 4-inch and 3-inch cast-iron pipe, on account of the large body of 
water which they contained, and thesupposition that they gave better satis- 
faction and a more even temperature, florists of long experience who 
have tried 4-inch and 38-inch cast-iron pipe, and also 2-inch wrought-iron 
pipe for a number of years in heating their greenhouses by hot water, 
and who have also tried steam-heat, tell me that they get better satisfaction, 
greater economy, and are able to maintain a more even temperature with 2- 
inch wrought-iron pipe and hot water than by any other eyetem they have 
used. They attribute this result principally to the fact that this size pipe 
contains less water and on this account the heat can be raised and lowered 
quicker than by any other arrangement of pipes, and a more uniform tem- 


perature maintained than by steam or any A system, 


HOT-WATER HEATING. 
(Nason Mfg. Co.) y. 


There are two distinct forms or modifications of hot-water apparatus, de- 
pending upon the temperature of the water, 

In the first or open-tank system the water is never above 212° tempera- 
ture, and rarely above 200°. This method always gives satisfaction where 
the surface is sufficiently liberal, but in making it so its cost is considerably 
greater than that for a steam-heating apparatus. 

In the second method, sometimes called (erroneously) high-pressure hot- 
water heating, or the closed-system apparatus, the tank is closed. If it is 
provided with a safety-valve set at 10 Ibs. itis practically as safe as the open- 
tank system, 

Law of Velocity of Flow.—The motive power of the circulation 
in a hot-water apparatus is the difference between the specific gravities of 
the water in the ascending and the descending pipes. This effective pressure 
is very small, and is equal to about one grain for each foot in height for each 
athe difference between the pipes; thus, with a height of 12’ in “up” pipe. 
and a difference between the temperatures of the up and down pipes of 8°, 
the difference in their specific grayities is equal to 8.16 grainson each square 
inch of the section of return-pipe, and the velocity of the circulation is pro- 
rortioned to these differences in temperature and height. 

To Calculate Velocity of Flow.—Thus, witha height of ascend- 
ing pipe equal to 10’ and a diftereuce in temperatures of the flow and return 
pipes of 8°, the difference in their specific gravities will equal 81.6 grains, or 
= 7000 = .01166 lbs., or x 2.81 (feet of water in one pound) = .0269 ft., and by 


the law of falling bodies the velocity will be equal to 8 4/.0269 = 1.312 ft. per 
second, or X 60 = 78.7 ft. per minute. In this calculation the effect of fric- 
tion is entirely omitted. Considerable deduction must be made on this 
account. Even in apparatus where length of pipe is not great, and with 

ipes of larger areas and with few bends or angles,.a large deduction for 

riction must be made from the theoretical velocity, while in large and 
complex apparatus with small head, the velocity is so much reduced by 
friction that sometimes as much as from 50% to 90% must be deducted to ob- 
tain the true rate of circulation. 

Main flow-pipes from the heater, from which branches may be taken, are 
to be preferred to the practice of taking off nearly as many pipes from the 
heater as there are radiators to supply. 

It is not necessary that the main flow and return pipes should equal in 
Papa ley. that of all their branches, The hottest water will seek the highest 
level, while gravity will cause an even distribution of the heated water if the 
surface is propeny. proportioned, 

It is good practice to reduce the size of the vertical mains as they ascend, 
Say at the rate of one size for each floor. 

As with steam, so with hot water, the pipes must be unconfined to allow 


’ 


HOT-WATER HEATING, 543 


for hemi of the pipes consequent on having their temperatures in» 
creased. ‘ 

An expansion tank is requ‘red to keep the apparatus filled with water, 
which latter expands 1/24 of its bulk on eing heated from 40° to 212°, and 
the cistern must have capacity to hold certainly this increased bulk. It is 
recommended that the supply cistern be placed on level with or above the 
highest pipes of the apparatus, in order to receive the air which collects in 
the mains and radiators, and capable of holding at least 1/20 of the water 
in the entire apparatus, 


Approximate Proportions of Radiatin “surfaces to 
Cubic Capacities of Space to be eated. 


One Square Foot of Ra-| In Dwellings, | In Halls, Stores,| In Churches, 
diating-surface will School-rooms,| Lofts, Facto- Large Audito- 
heat with— Offices, ete. ries, etc. riums, etc. 


High temperature di- 
rect hot-water radi- >| 50 to 70 cu. ft.| 65 to 90. cu. ft. | 180 to 180 cu. ft. 
ation ....... Puree ‘ 

Low temperature di- 
rect hot-water radi- >| 80to50 “ “| g85to65 ‘* «& 70 to 130 “*  * 
atlons [es aes : 

High temperature in- 
direct. hot-water ra-}| 80to60“ “}] 35 to 7% « W0'to' 150 6) 4 
Oiation:.. 5% 37 LPF 

Low temperature in- 
direct hot-water ra- }| 20to 40 * | e5to50" « 50 to 100 ** 
Gidtion <2 55. 2. 


SE I LN EY DAU 

Diameter of Main and Branch Pipes and square feet of coil 
surface they will supply, in a low-pressure hot-water apparatus (212°) for 
direct or indirect radiation, when coils are at different altitudes for direct 
radiation or in the lower story for indirect radiation: 


LE DU MEY. A mtr eae ee ok BS 
o ee 
By | OS 
7 ag E 3 Direct Radiation, Height of Coil above Bottom of Boiler, 
oe | ts in feet, 
fe |o* 
A Se ney merrier eC SEG 
a 10 20 30 40 50 60 70 80 90 100 
sq. ft.|sq. ft./sq. ft./sq. ft. 'sq. ft./sq. ft.|sq. ft./sq. ft. sq. ft./sq. ft.|sq. ft. 
34 tS ‘9 | : 50 ia 53 5 57 a9 61 63 65 rs 68 
1 89 92 95 98 101 103 108 112 116 121 
14% 140} 144 149 | 153 158 | 161 169 175 182 189 
202 | 209} 214) 222 235 | 243} 252] 261 271 
2 359 | 3870} 380} 393] 405] 413] 433] 449] 465 483 
26 561 | 577 | 595} 613} 6383] 643) 678| 701 | 7e7 755 
3 807 | 835 | 856 | 888] 912] 941 | 974] 1009 | 1046] 1086 
3g 1099 | 1182 | 1166 | 1202 | 1241 | 1288 | 1327 | 1874 | 1495 | 1480 
1436 | 1478 | 1520 | 1571 | 1621 | 1654 | 1733 | 1795 | 1861 1933 
446 1817 | 1871 | 1927 | 1988 } 2052 | 2120 | 2193 | 2e72 2445 
2244 | 2309 | 2376 | 2454 | 2581 | 2574 | 2718 2907 | 38019 


22978 |28643 |24820 [25136 |25936 |26464 |27728 |28720 129776 | 30928 
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. Bee best forms of hot-water-heating boilers are proportioned about as 
‘ollows: : 


1 sq. ft, of grate-surface to about 40 sq. ft. of boiler-surface. 
te ee Halon: Puss = 5‘* “  radiating-surface. 
1 “ “ grate- “ae “ee 200 “ “ “ oe 


Rules for Hot-water Heating.—J. L. Saunders (Heating and 
Ventilation, Dec. 15, 1894) gives the following: Allow 1 sq. ft. of radiating 
surface for every 8 ft. of glass surface, and 1 sq. ft. for every 30 sq. ft. of 
wall surface, also 1 sq. ft. for the following numbers of cubic feet of space 
in the several cases mentioned. 


In dwelling-houses: Libraries and dining-rooms, first floor.. 85 to 40 cu. ft. 
Reception halls, first floor... 40 to 50 * 


Stair halls, a to. Brass ers 
Chambersabove,“* “™ ........ eae cee 50 to 65 “* * 

Libraries, sewing-rooms, nurseries, etc., 
AbOVE ASU HOONs sas occ suinic seidevincene SO LOO arias 
Bath-rooms........ se 30to 40 * “ 
Public-school rooms........-...... » 60'to 185) 
DOMGos eR Sse io =50 to.65 *05* 
Factories and stores.... - Hto 90 * 
Assembly halls and churches...... - 90to 150 “* 


To find the necessary amount of indirect radiation required to heat a room: 
Find the required amount of direct radiation according to the foregoing 
method and add 50%. This if wrought-iron pipe coil surface is used; if cast- 
iron pin indirect-stack surface is used it is advisable to add from 70¢ to 804. 

Sizes of hot-air flues, cold-air ducts, and registers for indirect work.— 
Hot-air flues, first floor: Make the net internal area of the flue equal to 
34 sq. in. to every square foot of radiating surface in the indirect stack. Hot- 
air flues, second floor: Make the net internal area of the flue equal to 5¢ sq. in. 
to every square foot of radiating surface in the indirect stack. 

Cold-air ducts, jirst floor: Make the net internal area of the duct equal 
to 5g sq. in, to every ee: foot of radiating surface in the indirect stack. 
Cold air ducts, second floor: Make the net internal area of the duct equal 
to 14 sq. in. to every square foot of radiating surface in the indirect stack. 

Hot-air registers should have their net area equal in full to the area of the 
hot-air flues. Multiply the length by the width of the register in inches ; 24 
of the product is the net area of register. 

Arrangement of Mains for Hot-water Heating. (W.M. 
Mackay, Lecture before Master Plumbers’ Assoc., N. Y., 1889 )—There are 
two different systems of mains in general use, either of which, if properly 
placed, will give good satisfaction. One is the taking of a single large-flow 
main from the heater to supply all the radiators on the several floors, with a 
corresponding return main of the same size. The other is the taking of a 
number of 2-inch wrought-iron mains from the heater, with the same num- 
ber of return mains of the same size, branching off to the several radiators 
or coils with 144-inch or 1-inch pipe, according to the size of the radiator or 
coil, A 2-inch main will supply three 1!4-inch or four 1-inch branches, and 
these branches should be taken from the top of the horizontal main with a 
nipple and elbow, except in special cases where it is found necessary to retard 
the flow of water to the near radiator, for the purpose of assisting the cireu- 
lation in the far radiator ; in this case the branch is taken from the side of 
the horizontal main. The flow and return mains are usually run side by side, 
suspended from the basement ceiling, and should have a gradual ascent from 
the heater to the radiators of at least 1 inch in 10 feet. It is customary, and 
an advantage where 2-inch mains are used, to reduce the size of the main at 
every point where a branch is taken off. 

The single or large main system is best adapted for large buildings ; but 
there is a limit as to size of main which it is not wise to go beyond—gener- 
ally 6-inch, except in special cases. 

he proper area of cold-air pipe necessary for 100 ears feet of indirect 
radiation in hot-water heating is 75 are inches, while the hot-air pipe 
should have at least 100 square inches of area. There should be a damper in 
the cold-air Pipe for the eareeee of controlling the amount of air admitted te 
the radiator, depending on the severity of the weather, 
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THE BLOWER SYSTEM OF HEATING AND 
‘ VENTILATING, 


The system provides for the use of a fan or blower which takes its supply 
of fresh air from the outside of the building to be heated, forces it over ' 
steam coils, located either centrally or divided up into a number of indepen- 
jent groups, and then into the several ducts or flues leading to the various 
‘ooms, The movement of the warmed air is positive, and the delivery of 
the air to the various points of supply is certain and entirely independent 
of atmospheric conditions. For engines, fans, and steam-coils used with the 
blower system, see page 519. 

Experiments with Radiators of 60 sq. ft. of Surface. 
(Mech. News, Dec., 1893.)—After having determined the volume and tem- 

» perature of the warm air passing through the flues and radiators from 
natural causes, a fan was applied to each flue, forcing in air, and new sets of 
measurements were made. The results showed that more than twoand one- 
third times as much air was warmed with the fans in use, and the falling off 
in the temperature of this greatly increased air-volume was only about 12.6%. 
The condensation of steam in the radiators with the forced-air circulation 
also was only 66%4% greater than with natural-air draught. One of the 
several sets of test figures obtained is as follows ; 

Y Natural Fore-d- 

Draught air 

in Flue. Circulation. 


Cubic feet of air per minute...............66- a. 457.5) 1227 
Condensation of steam per minute in ounces omer la 19.6 
‘Steam pressure in radiator, pounds.......... 4 awry 9 
Temperature of air after leaving radiator.... .-..... 142° 124° 

a “« « before passing through radiator. 61° 61° 
Amount of radiating surface in square feet.......... 60 60 
Size of flue in both cases ............ dvevescuenssveuse de 16 3nehes: 


There was probably an error in the determination of the volume of air in 
these tests, as appears from the following calculation. (W.K.) Assume 
that 1 1b. of steam in condensing from 9 lbs. pressure and cooling to the tem- 
perature at which the water may have been discharged from the radiator 
gave up 1000 heat-units, or 62.5 h. u. per ounce; that the air weighed .076 lb. 
per cubic foot, and that its specific heat is .238. We have 

Natural Forced 
Draught. Draught. 
' Heat given up by steam, ounces x 62.5........ ee == 431 1225 H.U. 
Heat received by air, cu. ft. x .076 x diff. of tem. x .238= 673 1399. ** 


Or, in the case of forced draught the air received 14% more heat than the 
steam gave out, whichisimpossible. Taking the heat given up by the steam 
as the correct measure of the work done by the radiator, the temperature 
of the steam at 237°, and the average temperature of the air in the case of 
natural draught at 102° and in the other case at 93°, we have for the tem- 
perature difference in the two cases 135° and 144° respectively; dividing 
these into the heat-units we find that each square foot of radiating surface 
transmitted 5.4 heat-units per hour per degree of difference of temperature, 
in the case of natural draught, and 8.5 heat-units in the case of forced 
draught (= 8.5 x 144° = 1224 heat-units per square foot of surface). 

In the Women’s Homceopathic Hospital in Philadelphia, 2000 feet of 
one-inch pipe heats 250,000 cubic feet of space, ventilating as well; this 
equals one square foot of pipe surface for about 350 cubic feet of space, or 

_ less than 3 square feet for 1000 cubic feet, The fan is located in a sepa- 
rate building about 100 feet from the hospital, and the air, after beirg heated 
to about 135°, is conveyed through an underground brick duct with a loss of 
only five or six degrees in cold weather, (H.I. Snell, Trans. A. S. M. E.,ix. 106. 

Heating a Building to 70° F. Inside when the Outside 
Wemperature is Zero.—lit is customary in some contracts for heating 
to guarantee that the apparatus will heat the interior of the pees 70° ~ 
in zero weather. As it may not be practicable to obtain zero weather for 
the purpose of a test, it may be difficult to prove the performance of the 
guarantee. E. E. Macgovern, in Engineering Record, Feb. 3, 1894, gives a 
calculation tending to show that a test may be made in weather of a higher 

_ temperature than zero, if the heat of the interior is raised above 70°. The 

higher the temperature of the rooms the lower is the efficiency of the radi- 
_ péing-surface, since the efficiency depends upon the difference between the 
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temperature inside of the radiator and the temperature of the room. He 
concludes that a heating apparatus sufficient to heat a given building to 70* 
in zero weather with a given pressure of steam will be found to heat the 
* same building, steam-—pressure constant, to 110° at 60°, 95° at 50°, 82° at 40°, 

and 74° at 32°, ontside temperature. The accuracy of these figures, however 
has not been tested by experiment. 

The following solution of the question is proposed by the author. It gives 
results quite different from those of Mr. Macgovern, but, like them, lacks ex- 
perimental confirmation, 


Let S=sgq. ft. of surface of the steam or hot-water radiator; 
W = sq. ft. of surface of se Se walls, windows, etc.; 
Ts = temp. of the steam or hot water, T, = temp. of inside of building 
or room, Ty = temp. of outside of building or room; 
a = heat-units transmitted per sq. ft. of surface of radiator per hour 
per degree of difference of temperature; 
b = average heat-units transmitted per sq. ft, of walls per hour, per 
_ degree of difference of temperature, including allowance for 
ventilation, 


It is assumed that within the range of temperatures considered Newton’s 
law of cooling holds good, viz., that it is proportional to the difference of 
temperature between the two sides of the ra iating-surface, 

Then aS(7s — T,) = bW(T,—T,). Let ag = C; then 
Te-T,= CT,-%); T22tCh, 9 _ m-% 


If T, = 70, and T, = 0, = pa. 
Let T's = 140°, 213.59, 308°; 
Then C= 1, 2.05, ° 
From these we derive the following: 
Temperature of Outside Temperatures, 7. 
Steam or Hot — 20° — 10° 0° 10° 20° 30° 40° 
Water, Ts. Inside Temperatures, 7. 
140° 60 65 70 vi) 80 85 90 
213.5 56.6 63.3 70 76.7 83.4 90.2 96.9 
808 54.5 62.3 70 V7.7 85.5 93.2 100.9 


Heating by Electricity.—If the electric currents are generated by 
a dynamo driven by a steam-engine, electric heating will prove very expen- 
sive, since the steam-engine wastes in the exhaust-steam and by radiation 
about 90% of the heat-units supplied to it. In direct steam-heating, with a 
good boiler and properly covered supply-pipes, we can utilize about 60% of 
the total heat value of the fuel. One pound of coal, with a heating value of 
13,000 heat-units, would supply to the radiators about 13,000 x .60 = 7800 
heat-units. In electric heating, suppose we have a first-class condensing- 
engine developing 1 H.P. for every 2 lbs. of coal burned per hour. 
This would be equivalent to 1,980,000 ft.-lbs. = %78 = 2545 heat-units, or 1272 
heat-units for 11b. of coal. The friction of the engine and of the dynamo and 
the loss by electric leakage, and by heat radiation from the conducting 
wires, mightreduce the heat-units delivered as electric current to the elec- 
tric radiator, and these converted into heat to 50% of this, or only 636 heat 
units, or less than one twelfth of that delivered to the steam-radiators in 
direct steam-heating. Electric heating, therefore, will prove uneconomical 
unless the electric current is derived from water or wind power, which would 
otherwise be wasted. (See Electrical Engineering.) 
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Expansion of Water.—The following table gives the relative vol- 
umes of water at different Eemporatures: compared with its volume at 4° C, 
according to Kopp, as corrected by Porter. 


Cent. | Fahr, |Volume. Cent. | Fahr. |Volume.§ Cent. | Fahr. | Volume, 


4° ae 1.00000 85° 95° | 1.00586 70° 158° | 1.02241 


30 86 | 1.00425 | 65 149 | 1.01951 | 100 212 } 1.04332 


Weight of 1 cu. ft. at 39.1° F. = 62,4245 Ib, -+ 1.04832 = 59.833, weight of 1 cu, 
fv. at 212° F. 


Weight of Water at Different Temperatures.—The weight 
of water at maximum density, 39.1°, is generally taken at the figure given 
by Rankine, 62.425 Ibs. per cubic foot. Some authorities give as low as 
62.879. The figure 62.5 commonly given is approximate. The highest 
authoritative figure is 62.425. At 62° F. the figures range from 62.291 to 62.360. 
The figure 62.355 is generally accepted as the most accurate. 

At 32° F, figures given by different writers range from 62.379 to 62.418. 
nets gives the latter figure, and Hamilton Smith, Jr., (from Rosetti,) gives 

2.416. 

Weicht of Water at Temperatures above 212° F.—Porter 
(Richards’ ‘“‘Steam-engine Indicator,” p. 52) says that nothing is known 
about the expansion of water above 212°. Applying formule derived from 
Aa lhe made at temperatures below 212°, however, the weight and 
volume above 212° may be calculated, but in the absence of experimental 
data we are not certain that the formule hold good at higher temperatures. 

Thurston, in his ‘‘ Engine and Boiler Trials,”’ gives a table from which we 
take the following (neglecting the third decimal place given by him): 


: i : : e 
PRS Es , . 188 22 1, |28 |. .}43: 
Be Glos A & | 3 3 S fy ss S plas 
ao al agy| ae are pasa 4 2S al ews 
Suh ao) Qe ao be SHO P&E a0 oy Qe bo} oon 
me fe 0 iy On ome 8 
HES| o BSS | OB SAS fEBS| T2g [RFS] B2g 
Fs E = E E =I E E 
“212 | 59.71 280 490 | 50.03 
990 | 59.64] 290 500! 49.61 
230 | 59.37 | 800 510 | 49.20 
940 | 59:10 310 520 | 48.78 
950 | 58.81) 320 48.36 
260 } 58.52 330 540| 47.94 
270 4 5 550 | 47.52 


Box on Heat gives the following : 


T ture F,......2 212° 250° 300° 350° 400° 450° 500° 600° 
Lbs. per cubie foot... 59.82 58.85 57.42 55.94 54.84 52.70 51.02 47.64 


At 212° figures given by different writers (see Trans. A. 8, M. E., xiii, 409) 
range from 59.56 to 59.845, averaging about 59.77, ee oe tate 
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Weight of Water eee Cubie Foot, from 32° to 212° F., and heat- 
units per pound, reckoned above 32° F.: The following table, made by in- 
tei ting the table given by Clark as calculated from Rankine’s formula, 
with corrections for apparent errors, was published by the author in 1884, 
Trans. A.S. M. E., vi 90. (For heat units above 212° see Steam Tables.) 
eee 


> : za = a 
ae z : 2 tt FZ a Hs z 
- te >= = 

rt 15. ous ge pS s 5. Oss 
£3 /Bs3| 4 zs] 4 222 553| 4 [bfs ses] 3 
a ea Sel SD Posto an} 3 TS Oas| Oo 
a 5 | 5 5 - & 
22 | 62.49] 0, 62.25) 46.03 61.68| 91.16 60.81/136.44 
33 | 62.42] 1. 62.24| 47°03 61.67 92.171 60.79 137.45 
34 | 62.49] 2. 62.23) 48.04 -65| 93.17 170 | 60.77\138.45 
35 | 62.42) 3. 62.22] 49.04 61.63) 94.179 171 | 60.75|139.46 
26 | 62.421 4: 62.21) 50.04 61.61] 95.18] 172 | 60.73/140.47 
a7 | 62.49] 5. 62.20) 51.04 61.60) 96.18] 173 | 60.70)141.48 
38 | 62.421 6, 62.19) 5204 61.58] 97.19] 174 | 60.68'142.49 
29 | 62.42| 7. 62.18) 53.05 61.56] 98.19] 175 | 60.66/143_50 
40 | 62.49! 8. €2.17| 54.05 61.54} 99.20] 176 | 60.64/144_51 
41 | 62.42] 9. 62.16) 55.05 132 | 61.52|100-20) 177 | 60.62/145 52 
42 | 62:42) 10. 62.15] 56.05) 133 | 61.51|101.21) 178 | 60.591146 52 
43 | 62.42] 11, 62.14) 57.059 134 | 61.49|102.218 179 | 60.571147 53 
44 | 62.42) 12° 62.13] 58.069 135 | 61.47|103.228 180 | 60.551148.54 
45 | 62.49) 13. 62.12) 59.06] 186 | 61.45]104.221 181 | 60.531149 "55 
46 | 62.42) 14° 62.11) 60.06] 137 | 61.43]105.23§ 182 | 60.501150.56 
47 | 62.49) 15. 62.10} 61.06} 138 | 61.41/106.23] 183 | 60.48|151_57 
48 | 62.41] 16. 62.09] 62.06] 139 | 61.89)107.24§ 184 | 60.461152/58 
49 | 62.41] 17. 62.08] 63.078 140 | 61.37|/108.25) 185 | 60.44/153.59 
50 | 62.41] 18. 62.07] 64.07] 141 | 61.36/109.25] 186 } 60.41'154.60 
51 | 62.41) 19. 62.06) 65.079 142 | 61.34|110.26] 187 | 60.291155.61 
52 | 62.40) 20. 62.05) 66.07] 143 | 61.32/111.26§ 188 | 60.37/156.62 
53 | 62.40) 21.01 62.03) 67.08] 144 | 61.30]112.27) 189 | 60.34/157_62 
54 | 62.40) 22°01 62.02] 68.089 145 | 61-28'113-28] 190 | 60.32 158.64 
55 | 62.29] 23.01 62.01) 69.08 146 | 61.26|114-25 191 | 60.291159.65 
56 | 62.29] 24:01 62.00) 70.09) 147 | 61.24/15. 20] 192 | 60.27) 160.67 
57. | 62.39] 25-01 61.99] 71.09} 148 | 61:22|116-29] 193 | 60.25'161.68 
58 | 62.38) 26.01 61.97) 72.099 149 | 61.20|117.20) 194 | 60.22/162.69 
59 | 62.38) 27.01 61.96) 73.10} 150 | 61.18|118.31) 195 | 60.20/163.7 
60 | 62.27] 28.01 -95| 74.109 151 | 61.16/119-31] 196 | 60.171164.71 
61 | 62.27| 29.01 61.93] 75.109 152 197 | 60.15|165.72 
€2 | 62.26) 30.01 %6.10f 153 | 61.12/121.33] 198 | 60.12/166.73 
63 | 62.36] 31.01 W7.11f 154 | 61.10|122.338 199 | 60.10,167.74 
64 | 62.55) 32.01 78.119 155 | 61.08/123-34] 200 | 60.07/168.75 
65 | 62.24) 33.01 79.11] 156 | 61.06/124-35§ 201 | 60.05/169.77 
66 | 62.24) 34:02 80.121 157 | 61.04)125.35] 202 | 60.02)270.78 
67 | 62.33) 35.02 81.12§ 158 | 61.02/126_36§ 203 | 60.00!171.79 
68 | 62.33) 36.02 82.138 159 | 61.00/127.37) 904 59.97|172-80 
69 | 62.32) 37.02] 83.13) 160 | 60.98/128.37§ 205 | 59.95173.81 
70 | 62.31| 38.02 84.13] 161 | 60.96)129.a8) 206 | 59.921174.83 
71 | 62.31) 39.02 85.14 162 | 60.94/130.39] 207 | 59.891175.84 
72 | 62.20) 40.02 6.14] 163 | 60-92)181.40] 208 | 59.871176.85 
73 | 62.29) 41.02 87.15] 164 | 60.90|132.41) 209 | 59/84/1786 
74 | 62.28) 42.03 88.15% 165 | 60.87|123.41§ 210 Ege et 
7 | 62.28) 43.02 89.15] 166 | 60.85|134.4z§ 211 | 59.791179 "89 
76 | 62.27) 44.03 90.16] 167 | 60.83|135.439 212 59.76, 180.90 
77 | 62.26) 45.03 


Eee EE ee 
Comparison of Heads of Water in Feet with Pressures 
Various Units, 


One foot of water at 39°.1 Fahr, — 62.425 Ibs. on the square foot; 
“ % ee 0.4335 lbs. on the square inch; 


5 


“ { = 0.0295 atmosphere; 

a | Se = 0.8826 inch of miontary at 82°53 4 

ue a “« = 773.8 | feet of air at 82° and } 
‘ atmospheric pressure; 
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One Ib, on the square foot, at 29°.1 Fahr........ 
One Ib. on the square inch tet Feep case 
One atmosphere of 29.922 inches of mercury.... = 33.9 

One inch of mercury at 32°.1...........---.se0ee = 1.133 ey ee 


= 0.01602 foot of water; 
= 

One foot of air at 32 deg., and one atmosphere... = 0.001293 “ “ 
= 


2.307 feet of water; 
os 8 “ 


One foot of average sea-WAter.....cce-seeee-e+e. = 1.026 foot of pure waters; 
One foot of water at 62° F.....scecsecsccesseceees 
“ “o “ “ “« 62° 


One inch of water at 62°F ....... = 0.5774 ounce = 0.036085 lb. per sq. inch; 
One pound of water on the square inch at 62°F. = 2.3094 feet of water. 
One ounce of water on the square inch at 62° F. = 1.732 inches of water. 


Pressure in Pounds per Square Inch for Different Heads 
of Water. ~ 


At 62° F. 1 foot head = 0,433 lb. per square inch, .433 X 144 = 62.352 Ibs, 
-per cubic foot. ro 


Head, feet. 0 1 2 3 4 5 6 7 8 9 
0 0.433} 0.866) 1.299) 1.782) 2.165] 2.598] 3.031] 3.464) 3.897 
10 4.330) 4.763} 5.196] 5.629) 6.062) 6.495] 6.928] 7.361) 7.794) 8.227 
20 8.660] 9.093] 9.526) 9.959/10.392)10.825| 11 .258/11.691/12.124)12.557 
30 12.990}13.423]13.856/14.289/14.722|15.155)15.588/16.021)16.454|16.887 
40 17.320|17 .753)18.186| 18.619}19.052/19.485|19.918/20.351/20. 784/21 .217 
50 21 .650}22 .083/22.516|22.949/23. 382/23 .815)/24.248)24.681/25.114/25.547 
60 25 .980}26 .413)26.846|27.279|27. 712/28. 145|28.578/29.011)/29.444/29. 877 
70 30.310|30. 743/31 .176)31 .609/32.042|32.475|32.908/33 .341/33.774/34.207 
80 '34..640135 073/35. 506|35.929|36. 372/36 . 805/37 .238/37 .671|38.104/38.537 
90 38.970]39.403|39.836/40.269/40. 702|41 .135|41 .568/42. 001/42. 436/42. 867 
Head in Feet of Water, Correspon to Pressures in 


Pounds per Square Inch. 


1 Ib. per square inch = 2.30947 feet head, 1 atmosphere = 14.7 Ibs, per 8q. 
inch = 33.94 ft. head. 


_, Pressure. 0 1 2 3 4 5 6 q 8 9 
0 2.309] 4.619 6.928| 9.238]11.547|13.857116. 166/18.476|20.785 
10 _| 23.0947/25.404/27.714 30.023 32.833)34. 642/36..952|39.261|41 .570|43.880 
20 46. 1894|48.499 50.808|53. 118 55.427|57.737|60.046/62.356|64.665|66.975 
30 69.2841 71.594 /73.903,76.213 78.522/80.831/83.141/85.450/87.760|90, 069 
40 92.3788 94.688 96.998/99..307|101 .62 103.93) 106.24 108.55)110.85 113.16 
50 _|115.4735|117.78 120.09] 122.40, 124.71 |127.02|129.83/131 .64| 133 95|136.26 
60 _|138.5682|140.88|143. 19|145.50,147 81/150. 12/152. 42) 154.73) 157.04] 159.35 
70 _|161.6629/163. 97 166.28/168.59'170.90|173.21|175.52 177.83|180.14|182.45 
80 _|184.7576|187.07 189.38] 191 .69,194. 00|196.31| 198.61) 200.92|203 231205 54 | 
90 09|219.40|221.71 A 02 20.28 8.64 


207. B23) 210.16 212.47 214. 78)217. 


- 


_ Pressure of Water due to its Weight.—The pressure of still 
water in pounds per square inch against the sides of any pipe, channel, or 
vessel of any shape whatever is due solely to the “ head,” or height of the 
level surface of the water above the point at which the pressure is con- 
sidered, and is equal to .43302 Ib. per square inch for every foot of head, 

" or 62.355 Ibs. per square foot for every foot of head (at 62° F.). 

. The pressure per square inch is equal in all directions, downwards, up- 
_ wards, or sideways, and is independent of the shape or size of the containing 
~ vessel. 

_ The pressure against a vertical surface, as a retaining-wall, at any point 

-is in direct ratio to the head above that point, increasing from 0 at the level 

surface to a maximum at the bottom. The total pressure against a vertical 

sirip of a unit’s breadth increases as the area of a right-angled triangle 
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whose Se pds a? represents the height of the strip and whose base 
represents the pressure on a unit of surface at the bottom; that is, it in- 
creases as the square of the depth. The sum of all the horizontal ressures 
is represented by the area of the triangle, and the resultant of this sum is 
equal to this sum exerted at a point one third of the height from the bottom, 
(the centre of gravity of the area of a triangle is one third of its height.) 

The morizented pressure is the same if the surface is inclined instead of 
vertical. 

(For an elaboration of these principles see Trautwine’s Pocket-Book, or 
the chapter on Hydrostatics in any work on Physics. For dams, retaining- 
walls, etc., see Trautwine.) 

The amount of pressure on the interior walls of a pipe has no appreciable 
effect upon the amount of flow. 

Buoyancy.—When a body is immersed in a liquid, whether it float or 
sink, it is buoyed up by a force on to the weight of the bulk of the liquid 
displaced by the body. The weight of a floating body is equal to the weight 
of the bulk of the liquid that it displaces. The upward pressure or buoy- 
ancy of the liquid may be regarded as exerted at the centre of gravity of 
the displaced water, which is called the centre of pressure or of DUR yee. 
A vertical line drawn through it is called the axis of buoyancy or of flota- 
tion. In a floating body at rest a line joining the centre o gravity and the 
centre of buoyancy is vertical, and is called the axis of uilibrium. When 
an external force causes the axis of equilibrium to lean, if a vertical line be 
drewn upward from the centre of buoyancy to this axis, the point where it 
cuts the axis is called the metacentre, If the metacentre is above the centre 
of gravity the distance between them is called the metacentric height, and 
the body is then said to be in stable equilibrium, tending to return to its 
original position when the external force is removed, 

Boiling=point.—Water boils at 212° F. {100° C.) at mean atmospheric 
pressure at the sea-level, 14.696 Ibs. per Square inch. The temperature at 
which water boils at any given pressure is the same as the temperature of 


he Boiling-point of Water may be Raised,—When water 
is entirely freed of air, which may be accomplished by freezing or boiling, 
the cohesion of its atoms is greatly increased, so that its temperature may 
be raised over 50° above the ordinary boiling-point before ebullition takeg 
pee It was found by Faraday that when such air-freed water did boil, 

he rupture of the liquid was like an explosion. When water is surround 

by a film of oil, its boiling temperature may be raised considerably above 
its normal standard. This has been applied as a theoretical explanation in 
the instance of boiler-explosions, 

The freezing-point also may be lowered, if the water is perfectly quiet, to 
~ 10° C., or 18° Fahrenheit below the normal freezing-point. (Hamilton 
Smith, Jr,, on draulies, p.13.) The density of water at 14° F.is 99814, itg 
density at 39°. 1 being 1, and at 32°, .99987, 

Freezin, =point.—Water freezes at 32° F. at the ordinary atmospheric 
pressure, and ice melts at thesame temperature. In the melting of 1 pound 
of ice into water at 32° I’. about 142 heat-units are absorbed, or become 
latent: and in freezing 1 Ib. of water into ice a like quantity of heat is given 
out to the surrounding medium, 

Sea-water freezes at 27° F. The ice is fresh. (Trautwine.) 

Ice and Sno +, (From Clark.)—1 cubie foot of ice at 32° F. weighs 
57.50 lbs.; 1 pound of ice at 32° F, has a volume of .0174 eu, ft. = 30.067 cu. in. 

Relative volume of ice to water at 32° F., 1.0855, the expansion in passing 
into eheold State being 8.55%. Specific gravity of ice = 0.922, water at 

. being 1. 

At high pressures the melting-point of ice is lower than 32° F., being at 
the rate of .0133° F, for each additional atmosphere of pressure 

The specific heat of ice is -504, that of water being 1, 

1 cubie foot of fresh snow, according to humidity of atmosphere: 5 lbs, to 
12 lbs. [ cubic foot of snow moistened and compacted by rain: 15 lbs, to 
50 Ibs, (Trautwine), 

Specific Heat of Water, (From Clark’s Steam-engine.)—Calcu- 

ted by means of Regnault’s formula, ¢ = 1 + 0.00004¢ +- 0.000000922, in 
which c is the specie heat of water at any temperature ¢ in centigrade de« 
grees, the specific heat at the freezing-point being 1, 
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Compressibility of Water.—Water is very slightly compressible. 
Its compressibility is from .000040 to .000051 for one atmosphere, decreasin, 
with increase of temperature. For each foot of pressure distilled water wi 
be diminished in volume .0000015 to .0000018. Water is so incompressible 
that even at a depth of a mile a cubic foot of water will weigh only about 
half a pound more than at the surface. 


THE IMPURITIES OF WATER. 
(A. E. Hunt and G. H. Clapp, Trans. A. I. M. E. xvii. 338.) 


Commercial analyses are made to determine concerning a given water: 
(1) its applicability for making steam; (2) its hardness, or the facility with 
which it will “form a lather” necessary for washing; or (8) its adaptation 
to other manufacturing purposes. 

At the Buffalo meeting of the Chemical Section of the A, A, A. S. it was de- 
cided to report all water analyses in parts per thousand, hundred-thousand, 
and million. 

To convert grains per imperial (British) gallons into parts per 100,000, di- 
vide by 0.7. To convert parts per 100,000 into grains per U. S. gallon, mul- 
tiply by 7/12 or .583. 

The most common commercial analysis of water is made to determine its 
fitness for making steam. Water containing more than 5 parts per. 100,000 
of free sulphuric or nitric acid is liable to cause serious corrosion, not only 
of the metal of the boiler itself, but of the pipes, cylinders, pistons, and 
yalves with which the steam comes in contact. 

The total residue in water used for making steam causes the interior lin- 
ings of boilers to become coated, and often produces a dangerous hard 
scale, which prevents the cooling action of the water from protecting the 
metal against burning. 

Lime and magnesia bicarbonates in water lose their excess of carbonic 
acid on boiling, and often, especially when the water contains sulphuric 
acid, produce, with the other solid residues constantly being formed by the 
evaporation, a very hard and insoluble scale. A larger amount than 100 
parts per 100,000 of total solid residue will ordinarily cause troublesome 
scale, and should condemn the water for use in steam-boilers, unless a 
better supply cannot be obtained. 

The following is a tabulated form of the causes of trouble with water for 
steam purposes, and the proposed remedies, given by Prof. L. M. Norton... 


Causes OF INCRUSTATION. 


1. Deposition of suspended matter. 

2. Deposition of deposed salts from concentration, 

8. Deposition of carbonates of lime and magnesia by boiling off carbonia 
acid, which holds them in solution. 
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4. Deposition of sulphates of lime, because sulphate of lime is but slightly 
soluble in cold water, less soluble in hot water, insoluble above 270° F, 

5. Deposition of magnesia, because magnesium salts decompose at high 
temperature. 

6. Deposition of lime soap, iron soap, etc., formed by saponification of 
grease. 


MzEans ror Preventing INcRUSTATION. 


1. Filtration, 

2. Blowing off. 

. Use of internal collecting apparatus or devices for directing the cir- 
culation. 

4. Heating feed-water, 

5, Chemical or other treatment of water in boiler. 

6. Introduction of zine into boiler, 

7. Chemical treatment of water outside of boiler.’ 


TABULAR VIEW. 


Troublesome Substance. Trouble. Remedy or Palliation. 
Sediment, mud, clay, etc, Incrustation, Filtration; blowing off, 
Readily soluble salts. Blowing Ges y 

e R eating feed. Addition of 
BicstHonates of lime, magnesia, ; “ caustic soda, lime, or 


kamen ete, ‘ 4 
ition of carb. soda 
Sulphate of lime. i barium hydrate, ete. : 


Chloride and sulphate of magne- Addition of carbonate of 


Corrosion. { 


Carbon £ soda in } } aaaiic: Pee hl 
arbonate of soda large Fiat, ition of barium chlo- 
amounts, Priming. (__ ride, ete. 


Acid (in mine waters), 


Corrosion, Alkali. 
Dissolved carbonic acid aay: 


Feed milk of lime to the 
Corrosion. boiler, to form a thin in- 


oxygen. ternal coating. 
Corrosion or 
r ; . ? 
Grease (from condensed water). incrustation, ] Different cases require dif- 
Priming, + ferent remedies. Consult 
Organic matter (sewage). corrosion, or} aspecialiston the subject. 
incrustation, 


Per- Car- 
oxide | water. | bonate 
of ‘ of 
Tron, Lime. 


N. Y. C. & H.R. Ry., No. 
“ “ “ No 


» Otani oes arcade thee Sota eats 
6 “ 
M4 i S x : t : 12.62 
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Amalyses in Parts per 100,000 of Water giving Bad 
A Results in Steam-boilers. (A. E. wus) v4 
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Many substances have been added with the idea of causing chemical 
action which will prevent boiler-scale. As a general rule, these do more 
harm than good, for a boiler is one of the worst possible places in which to 
carry on chemical reaction, where it nearly always causes more or less 
corrosion of the metal, and is liable to cause dangerous explosions, 

In cases where water containing large amounts of total solid residue is 
necessarily used, a heavy petroleum oil, free from tar or wax, which is not 
acted upon by acids or alkalies, not having sufficient wax in it to cause 
saponification, and which has a vaporizing-point at nearly 600° F., will give 
the best resultsin preventing boiler-scale. Its action is to form a thin 
greasy film over the boiler linings, protecting them largely from the action 
of acids in the water and greasing the sediment which is formed, thus pre- 
venting the formation of scale and keeping the solid residue from the 
evaporation of the water in such a plastic suspended condition that it can 
be easily ejected from the boiler by the process of ‘ blowing off.” If the 
water is not blown off sufficiently often, this sediment forms into a ‘* putty” 
that will necessitate cleaning the boilers. Any boiler using bad water should 
be blown off every twelve hours. 

Wiardness of Water.—The hardness of water, or its opposite quality, 
indicated by the ease with which it will form a lather with soap, apes 
almost altogether upon the presence of compounds of lime and magnesia. 
Almost all soaps consist, chemically, of oleate, stearate, and palmitate, of 
an alkaline base, usually soda and potash. The more lime and magnesia in a 
sample of water, the more soap a given volume of the water will decompose, 
so as to give insoluble oleate, palmitate, and stearate of lime and magnesia, 
and consequently the more soap must be added to a gallon of water in order 
that the necessary quantity of soapmayremain in solution to form the lather. 
The relative hardness of samples of water is generally expressed in terms 
of the number of standard soap-measures consumed by a gallon of water in 
yielding a permanent lather. | ? : 

The standard soap-measure is the quantity required to precipitate one 
grain of carbonate of lime. j 

It is commonly reckoned that one gallon of pure distilled water takes one 
soap-measure to produce a lather. Therefore one is deducted from the 
total number of soap-measures found to be necessary to use to produce a 
lather in a gallon of water, in reporting the number of soap-measures, or 
“ degrees * of hardness of the water sample, In actually making tests for 
hardness, the “ miniature gallon,’”’ or seventy cubic centimetres, is used 
rather than the inconvenient largeramount. The standard measure is made 
by completely dissolving ten grammes of er castile soap (containing 60 per - 
cent olive-oil) in a litre of weak alcohol (of about 35 per cent alcohol). is 
yields a solution containing exactly sufficient soap in one cubic centimeter 
of the solution to precipitate one milligramme of carbonate of lime, or, in 
other words, the standard soap solution is reduced to terms of the “ minia- 


ture gallon’’ of water taken. | i ; 
If a water charged with a bicarbonate of lime, magnesia, or iron is boiled, 
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it will, on the excess of the carbonic acid being expelled, deposit a econsid- 
erable quantity of the lime, magnesia, or iron, and ear, the water 
will be softer. The hardness of the water after this deposit of lime, after 
long boiling, is called the permanent hardness and the difference between it 
and the total hardness is called temporary hardness. 

Lime salts in water react immediately on soap-solutions, precipitating the 
oleate, palmitate, or stearate of lime at once. Magnesia salts, on the con- 
trary, require some considerable time for reaction. They are, however, 
more powerful hardeners; one equivalent of magnesia salts consuming aa 
much soap as one and one-half equivalents of lime. 

The presence of soda and salts softens rather than hardens water. 
Each grain of carbonate of lime per gallon of water causes an increased 
expenditure for soap of about2 ounces per 100 gallons of water, (Eng’g. 
News, Jan. 31, 1885.) 

mg Feed-water for Steam-boilers. (See also Incrus- 

tation and Corrosion, p. 716.}—When the water used for steam-boilers con< 
tains a large amount of scale-forming material it is usually advisable to 
purify it before allowing it to enter the boiler rather than to attempt the 
revention of scale by the introduction of chemicals into the boiler. Car- 
onates of lime and magnesia may be removed to a considerable extent by 
simple heating of the water in an exhaust-steam feed-water heater or, still 
better, by alive-steam heater. (See circular of the Hoppes Mis. Co., Spring- 
field, O.) When the water is very bad it is best treated wit chemicals— 
lime, soda-ash, caustic soda, ete.—in tanks, the precipitates being separated 
by settling or filtering. For a description of several systems of water 
Ren see a series of articles on the subject by Albert A. Cary in Eng’g 

lag., A 

Mr. W. B. Coggswell, of the earer Process Co.’s Soda Works in Syracuse, 
N. Y., thus describes the system o purification of builer feed-water in use 
at these works (Trans. A. S. M. E., xiii. 255): 

For purifying, we use a weak soda liquor, containing about 12 to 15 grams 
Na,Co; per litre. Say 134 to 2 M3 (or 397 to 530 gals.) of this liquor is run 
into the precipitating Hot water about 60° C. is then turned in, and 
the reaction of the precipitation goes on while the tank is filling, which re- 

uires about 15 minutes. When the tank is full the water is filtered through 

e Hyatt (4), 5 feet diameter, and the Jewell (@), 10 feet diameter, filters in 
30 minutes. Forty tanks treated per 24 hours. 
sevecee see. 50 MS, 9.975 gallons, 


Soda used per 1000 gallons... SARE CST aes 5 


A sample is taken from each boiler every other day and tested for deg. 
Baumé, soda and salt. If the deg. B. is more than 2, that boiler is blown to 
reduce it below 2 deg. B. 

The following are some analyses given by Mr. Coggswell: 


Scale 
found 


Calcium sulphate............. 
Calcium chloride. ............ 


Magnesium chloride, 
Salt, pra Ra ae Rasteneeeee 


eee ee sere ee ee es 


Iron and aluminum oxide... .|)1271172.777 
ORM ee etraes ss et 2 
Softening Hard Water for Locomotive Use.—A water-soft- 


ening plant in operation at Fossil, in Western Wyoming, on the Union Pa- 
cific Railway, is described in Eng’g News, June 9, 1892, It is the invention 
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of Arthur Pennell, of Kansas City. The general plan adopted is to first dis- 
solve the chemicals in a closed tank, and then connect this to the supply main 
so that its contents will be forced into the main tank, the supply-pipe being 
so arranged that thorough mixture of the solution with the water is ob. 
tained. A waste-pipe from the bottom of the tank is opened from time to 
time to draw off the precipitate. The pipe leading to the tender is arranged 
to draw the water from near the surface, 

A water-tank 24 feet in diameter and 16 feet high will contain about 46,600 
gallons of water, About three hours should be allowed for this amount of 
water to pass through the tank to insure thorough precipitation, giving a 
permissible consumption of about 15,000 gallons.per hour. Should more 
than this be required, auxiliary settling-tanks should be provided. 

The chemicals added to precipitate the scale-forming impurities are so- 
dinm carbonate and quicklime, varying in proportions according to the rela- 
tive proportions of sulphates and carbonates in the water to be treated, 
Sufficient sodium carbonate is added to produce just enough sodium sulphate 
to combine with the remaining lime and magnesia sulphate and produce 
glauberite or its corresponding magnesia salt, thereby to get rid of the 
sodium sulphate, which produces foaming, if allowed to accumulate. 

For a description pf a purifying plant established by the Southern Pacific 
R. R. Co. at Port Los Angeles, Cal., see a paper by Howard Stillmann in 
Trans. A.S. M. E., vol, xix, Dec. 1897. 


HYDRAULICS—FLOW OF WATER. 


Formulz for Discharge of Water though Orifices and 
Weirs.—For rectangular or circular orifices, with the head measured from 
centre of the orifice to the surface of the still water in the feeding reservoir. 
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For weirs with no allowance for increased head due to velocity of approach; 
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For rectangular and circular or other shaped vertical or inclined orifices: 
formula based on the proposition that each successive horizontal ree of 
water passing through the orifice has a velocity due to its respective head: 


Q = cL% 2g X ( VHb? — YH). » . ss (8) 
Wor rectangular vertical weirs: 
O FRCBE M/RG FL Dilton isk tsivielyccns sto uretare momenta) 


Q = quantity of water discharged in cubic feet per second: C = approxi- 
mate coefficient for formulas (1) and (2); ¢ = correct coefficient for (3) 
and (4). 

Values of the coefficients c and C are given below. 

9 = 82.163 4/2g = 8.02; H = head in feet measured from centre of orifice 
to level of still water; Hb = head measured from bottom of orifice; Ht = 
head measured from AS of orifice; hk = H, corrected for velocity of ap- 
proach, Va, = H+ ra @ = area in square feet; LZ = length in feet. 

Flow of Water from Orifices.—The theoretical velocity of water 
flowing from an orifice is the same as the velocity of a falling body which 
' has fallen from a height equal to the head of water, = 4/2gH. The actual 
velocity at the smaller section of tha vena contracta is substantially the 
same as the theoretical, but the velocity at the plane of the orifice is 
C #/2gH, in which the coefficient C has the nearly constant value of .62, The 
smallest diameter of the vena contracta is therefore about .79 of that of the 
orifice. If C be the approximate coefficient = .62, and ¢ the correct coeffi- 


x 
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cient, the ratio g varies with different ratios of the head to the diamete 


of the vertical orifice, or to Zz. Hamilton Smith, Jr., gives the following: 


For— = 5 875 1 1.5 2. 2.5 5. 10. 


a +9604 .9849  .9918  .9965 .9980 9987 - .9097 1, 
For vertical rectangular orifices of ratio of head to width W: 
Boe SB ie Se ea Te! Ae yO pom peens 
¢ = .9428 .9657 .9823 .9890 .9953 .9974 .9988 .9993 .9996 .9998 
For H~ Dor H+ Wover8,C =o, practically, 


Weisbach gives the following values of ¢ for circular orifices in a thin wall 
H = measured head from centre of orifice, 


| a ae ee 


Hi ft. 
D ft. SS SOE 
066 83 82 2.0 3.0 45. 840. 
083) = 711 +665 -637 628 641 632 -600 
-066 +629 - 621 
-10 -622 614 
+18 -614 607 


pera i are ee 
For an orifice of D = .033 ft. and a well-rounded mouthpiece, H being thé 
effective head in feet, 


H = .066 1.64 11.5 56 338 
c = .959 -967 975.994 -994 


Hamilton Smith, Jr., found that for great heads, 312 ft. to 336 ft., with con. 
verging mouthpieces, c has a value of about one, and for small circular 
orifices in thin plates, with full contraction, c = about .60. Some of Mr, 
Smith’s experimental values of c for orifices in thin plates discharging into 
air are as follows. All dimensions in feet. 


9 
264 


re D = 000,17 Seite oe len ey 6051 
‘900 1.73 2.05 8118 


Circular, in brass,D = -100, 4 aa ae ee Ha ae " 
Circular, in iron, D = .100, ee aoe ey 2 oe os 
: = =) 318 877 79; 2381 3.70 63 
Square, in brass, .05 x .05, 6 x 6410 “6238 6157 oot 6118 6007 
=.9981 98 1 . 

Baviare, in brass, 10 x .10, | 2 = +781)! 1238, 16084 “6076 ~ [6060 _6065 
Ee Sean at, in brass, { eT 261 -917 1.82 2.83 3.75 4.70 

L = .300, W = .050...... c= .6476 .6280 .6203 .6180. .6176 .6168 


For the rectangular orifice, Z, the length, is horizontal. 

Mr, Smith, as the result of the collation of much experimental data of 
others as well as his own, gives tables of the value of c for vertical ‘Orifices, 
with full contraction, with a free discharge into the air, with the inner face 
of the plate, in which the orifice is pierced, plane, and with sharp inner 
corners, so that the escaping vein only touches these inner edges. These 
tables are SEHFed below. The coefficient c is to be used in the formulse (8) 
and (4) above. For formule (1) and (2) use the coefficient O found from the 


values of the ratios = above, 


~ 
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Values of Coefficient ¢ for Vertical Orifices with Sharp 


Edges, Full Contraction, and Free Discha | 
Air, (Hamilton Smith, Jr.) ai Pe 


Head trom 
Centre of 
Orifice H. 


660} .645) pe -630] .623] .617| .613| .610] .605] .601 


10. -616) .611) 608) .606} .605} .604} .604| .603) 3} .603 
20. -606) .605] .604] .603/ .602/ .602| .602] .602] .602] .601 
100.(?)| ..599] .598] .598] .598] .598] .598] .598] .598] .598] 598 

Cireular Orifices. Diameters, in feet. 
A 


-02 | .03 | .04} .05 | .07 | .10 | .12} .15 | .20] .40 | .60} .80 | 1.0 


-6 | .655} .640) .630) .624) .618] .613) .609} .605) .601} .596) .593) .590 
0 2 -600 . 


Ay 631] .623) .617) .612] .608) .605| .603 5 595] .593} .591 
2. 632) .621) .614 | 610) .607| .604] .601} .600) .599) .599) .597| .596! .595 
4. -623) .614) .609) .605} .603) .602) .600) .599) .599] .598) .597) .597] .596 
6. 618) .611| .607) .604| .602| .600, .599) .599| .598) .598} .597| .596) .596 
10. 611 +603) .601| .599] .598| .598] .597| .597) .597| .596] .596) .595 
20. -601} .600) .599) .598) .597| .596) .596) .596) .596) .596) .596) .595| .594 
50.(?)| .596] .596) .595) .595) .594) .594) .594] .594) .594) .594) 504) .593] .593 
0.(?)| .593' .693° .592' .592' .592' 592! .592' .592' .592' .592!' .592! 15921 .592 


HYDRAULIC FORMULZ.—FLOW OF WATER IN 
OPEN AND CLOSED CHANNELS, 


Flow of Water in Pipes.—The quantity of water discharged 
through a pipe depends on the ‘‘head;”’ that is, the vertical distance be- 
tween the level surface of still water in the chamber at the entrance end of 
the pipe and the level of the centre of the discharge end of the Pipe 5 
also upon the length of the pipe, upon the character of its interior surface 
as to smoothness, and upon the number and sharpness of the bends: but 
it is independent of the position of the pipe, as horizontal, or inclined 
apwards or downwards. 5 

The head, instead of being an actual distance between levels, may be 
caused by pressure, as by a pump, in which case the head is calculated as a 
vertical distance corresponding to the pressure 1 Ib. per sq. in. = 2,309 ft. 
head, or 1 ft. head = .433 lb. per sq. in. ae 

The total head operating to cause flow is divided into three parts: 1. The 
velocity-head, which is the height through which a body must fall in vacuo 
to acquire the velocity with which the water flows into the pipe = v? + 2g, in 
which v is the velocity in ft. per sec. and 2g = 64.32; 2. the entry-head, that 
required to overcome the resistance to entrance tothe pipe. With sharp- 
edged entrance the entry-head = about % the velocity-head; with smooth 
rounded entrance the entry-head is inappreciable; 3. the friction-head, due 
to the frictional resistance to flow within the pipe. 

In ordinary cases of pipes of considerable length the sum of the entry and 
velocity heads required scarcely exceeds 1foot. In the case of long pipes 
with 1@w heads the sum of the velocity and entry heads is generally so small 
that it may be neglected. 

General Formula for Flow of Water in Pipes or Conduits, 


Mean velocity in ft. per sec. = c {/mean hydraulic radius X slope 
Do, for pipes running full = c / Teeter slope, 
im which ¢ is a coefficient determined by experiment. (See pages 559-564.) 
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area of wet cross-section 

The mean hydraulic radius = ~——“wet perimeter. * 

In pipes running full, or exactly half full, and in semicircular open cham 
nels running full it is equal to 14 diameter, 

The slope = the head (or pressure expressed as a head, in feet) 

-+- length of pipe measured in a straight line from end to end. 

In open channels the slope is the actual slope o the surface, or its fall per 
unit of length, or the sine of the angle of the slope with the horizon. 

Chezy’s Formula: v = ¢V7 Vs = cVrs; r = mean hydraulic radius, 
s = slope = head - length, v = velocity in feet per second, all dimensions 
in feet, 

Quantity of Water Discharged.—if Q = discharge in cubic feet 
per second and @ = area of channel, Q = av = ac Vrs. 

a Vr is approximately proportional to the discharge. It is a maximum at 
808°, corresponding to 19/20 of the diameter, and the flow of a conduit 19/20 
full is about 5 per cent greater than that of one completely filled. 


Table giving Fall in Feet per Mile, the Distance on Slope 
corresponding to a Fall of 1 Ft., and also the Values 
of s and //s for Use in the Formula v = ¢ rs, 

s=H- L= sine of angle of slope = fall of water-surface (A), in any dis- 
tance (L), divided by that distance. 


ne 


Fallin | Slope, | Sine of Fallin | Slope, | Sine of Ja 
Feet | 1 Foot | Slope, Ws. Feet | 1 Foot | Slope, Vs. 
per Mi. in 8. per Mi. in 8 


0.25 | 21120 -0000473 | .006881 1? 810.6 | .0032197 | .056742 
-30 | 17600 -0000568 | .007588 18 293.3 | .0034091 | .058388 
-40 | 18200 -0000758 -008704 19 277.9 | .0035985 | .059988 


-50 | 10560 0000947 009731 20 264 0037879 061546 
60 8800 0001136 010660 22 240 0041667 | 064549 
-702 | 7520 0001380 011532 24 220 -0045455 | .067419 
-805 | 6560 0001524 012347 26 203.1 | .0049242 | 070173 
+904 | 5840 -0001712 013085 188.6 0053030 | .Q72822 
LS 5280 0001894 018762 380 1%6 0056818 075378 
1.2 4224 0002367 «015386 85.20) 150 0066667 | .081650 
1.5 8520 0002841 16854 0 182 0075758 087039 
1.75 3017 «00038314 018205 44 120 333 091287 
2. 2640 0003788 019463 48 110 0090909 | .095846 
2.25 2847 0004261 «020641 52.8 | 100 -010 
2.5 2112 0004735 021760 88 0113636 | .1066 
2.75 1920 0005208 «022822 66 80 0125 111803 
3. 1760 -0005682 028837 70.4 5 0133333 | 115470 
3.25 1625 0006154 024807 80 66 60151515 128091 
3.5 1508 0006631 025751 88 60 -0166667 | ,1291 
3.75 1408 0007102 -026650 96 55 -0181818 | ,134889 
4 1320 0007576 027524 | 105.6 50 141421 
5 1056 0009470 -030773 f 120 44 0227273 | 150756 
6 880 0011364 03371 182 40 158114 
i 754.3 | .0013257 -036416 J 160 83 0303080 | 174077 
8 660 0015152 -038925 § 220 24 0416667 | ,204124 
9 586.6 | .0017044 -041286 J 264 20 +05 223607 
10 5 -0018939 043519 § 330 16 +0625 5 
11 443.6 | .0020833 -045643 § 440 12 0833333 | .288675 
12 440 0022727 047673 § 528 10 1 +316228 
13 406.1 | .0024621 04962 660 8 125 «853553 
14 877.1 | .0026515 051493 § 880 6 + 1666667 408248 
15 352 0028409 | .053! 1056 5 2 447214 
16 330 0030303 | .055048 § 1320 4 25 5 
eee eee 
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4 


Values of //r for Circular Pipes, Sewers, and Conduits of 
different Diameters. 


, area is ‘ r 
+ = mean hydraulic depth = Barenetar Gl 14 diam. for circular pipes run 
ning full or exactly half full. 
Diam., fe Diam., Vr Diam., Vr Diam., my 
ft. in. | in Feet, ft. in. | in Feet. | ft. in. | in Feet, 9 ft: in. | in Feet, 
088 2 “107 4 6] 1.061 9 1.500 
+102 PES § 722 4 7) 1.070 § 9 38| 1.521 
| 12 | 2 2|..736 | 4 8] 1.08: 9 9 6] 4.541 
1 +144 2 3 - 750 4 9] 1.089 9. 9}. 1.561 
14% -161 2 4 +764 4 10} 1.099 10 1.581 
116 ruYe 2 5 UT 4 11] 1.109 10 8) 1.601 
134 “191 2 6 .790 5 1.118 10 6] 1.620 
2 -204 Pay § ~804 5 I 1.127 10 9] 1.639 
246 228 2 8 817 Set a ee ee CY 11 1.658 
3 251 2 9 829 5 3] 1.146 DO AMR (ea AC ig 
4 -290 2 10 -842 5 4) 1.155 1176 1,696 
5 -323 ae 854 a) 1.164 125-99) We 
6 854 3 866 He 1.178 12 1.732 
va 382 Bo 878 5 7 | 1.181 12 3B V50 
8 408 38.2 .890 naa) 1.190 12° 6} 1:768 
.9 433 38 3 -901 5 9] 1.199 12 9] 1.785 
10 456 38.4 -913 5 10] 1.208 13 1.808 
11 A479 38.5 924 5 11 1.216 13 3] 1.820 
1 -500 3 6 935 6 1.225 13 6] 1.887 
11 «520 aut -946 6 8 1,250 14 1,871 
1 2 +540 858 «957 6 6) 1.275 14 6] 1.904 
13 +559 38.9 -968 6 9} 1.299 15 1.936 
1 4 -577 3 10 -979 vé 1.823 1 6] 1.968 
15 -595 3 il -990 Tues 1.346 16 is 
16 612 4 0 7 6] 1.3869 16 6] 2.081 
Le -629 ZW | 1.010 % 94 1.892 17 2.061 
1 8 -646 4 2 1.021 8 1.414 17 6] 2.091 
1/9 661 4 3 1.081 8 3) 1.436 18 2.121 
1 10 677 4 4 1.041 8 6] 1.458 19 2.180 
Vat -692 4 65 1.051 8 9} 1.479 20 2.236 


Values of the Coefficient c. (Chiefly condensed from P. J. Flynn 
on Flow of Water.)—Almost all the old hydraulic formule for finding the 
mean velocity in open and closed channels have constant coefficients, and are 
therefore correct for only a small range of channels. They have often been 
found to give incorrect results with disastrous effects. Ganguillet and Kut. 
ter thoroughly investigated the American, French, and other experiments, 
and they gave as the result of their labors the formula now generally known 
as Kutter’s formula. There are so many varying conditions affecting the 
flow of water, that all hydraulic formule are only approximations to the 
correct result. ; 

When the surface-slope measurement is good, Kutter’s formula will give 
results seldom exceeding 714% error, provided the rugosity coefficient of the 
formula is known for the site. For small open channels D’Arey’s and 
Bazin’s formule, and for cast-iron pipes D’Arcy’s formulz, are generally 
accepted as being approximately correct, 

Kutter’s Formula for measures in feet is ce 


Ll a fe | 
OT rarer ee a 


00281 pent 
1+ (416+ et) edie) 
in which v = mean velocity in feet per second; r =5 = hydraulic mean 


560 HYDRAULICS. 


depth in feet = area of cross-section in i se feet divided by wetted perim- 
_ eter in lineal feet ; s = fall of water-surface (k) in any distance (2) divided 


by that distance, = aS sine of slope; = the coefficient of rugosity, de- 


pending on the nature of the lining or surface of the channel. If we let the 
first term of the right-hand side of the equation equal c, we have Chezy’s 
formula, v=¢c Vrs =c x Vr X 4's 

Values of in Kutter’s Formula,.—The accuracy of Kutter’s for- 
mula depends, in a great measure, on the proper selection of the coefficient 
of roughness n. Experience is required in order to give the right value to 
this coefficient, and to this end great assistance can be obtained, in making 
this selection, by consulting and comparing the results obtained from ex- 
periments on the flow of water already made in different channels. 

In some cases it would be well to provide for the contingency of future 
deterioration of channel, by selecting a high value of n, as, for instance, 
where a dense growth of weeds is likely to occur in small channels, and also 
where channels are likely not to be kept in a state of good repair. 

The foliowing table, giving the value of 7 for different materials, is com- 
piled from Kutter, Jackson, and Hering, and this value of n applies also in 
each instance, to the surfaces of other materials equally rough. 


VALUE OF 7 IN KuTrer’s FoRMULA FoR DIFFERENT CHANNELS. 


n = .009, well-planed timber, in perfect order and alignment ; otherwise, 
perhaps .01 would be suitable. 3 

nm = .010, plaster in pure cement; een gs timber ; glazed, coated, or en- 
ee stoneware and iron pipes ; glazed surfaces of every sort in perfect 
order. 

nm = .011, plaster in cement with one third sand, in good condition ; also for 
iron, cement, and terra.cotta pipes, well joined, and in best order. : 

2 n= .012, unplaned timber, when perfectly continuous on the inside F 
umes, 

nm = .013, ashlar and well-laid brickwork ; ordinary metal ; earthen and 
stoneware pipe in good condition, but not new 3 cement and terra-cotta pipe 
not well jointed nor in perfect order , Pp ea and planed wood in imperfect 
or inferior condition ; and, generally, the materials mentioned withn = -010, 
when in imperfect or inferior condition. 

n = .015, second class or rough-faced brickwork ; well-dressed stonework 2 
foul and slightly tuberculated iron ; cement and terra-cotta pipes, with im. 
Perfect joints and in bad order ; and canyas lining on wooden frames. 

n = .017, brickwork, ashlar, and stoneware in an inferior condition ; tu- 
berculated iron pipes ; rubble in cement or plaster in good order ; fine gravel, 
well rammed, 14 to 34 inch diameter ; and, generally, the materials men- 
tioned with 2 = .013 when in bad order‘and condition. 

7m = .020, rubble in cement in an inferior condition 3 coarse rubble, rough 
ses in a normal condition; coarse rubble set dry ; ruined brickwork and 
masonry ; coarse gravel well rammed, from 1 to 134 inch diameter 3 canals 
with beds and banks of very firm, Ac knes gravel, carefully trimmed and 
rammed in defective places ; rough rubble with bed partially covered with 
silt and mud ; rectangular wooden troughs, with battens on the inside two 
inches apart ; trimmed earth in perfect order. 

7 = .0225, canals in earth above the average in order and regimen. 

nm = .025, canals and rivers in earth of aad uniform cross-section ; 
slope and direction, in moderately good order and regimen, and free from 
stones and weeds. 

n = .0275, canals and rivers in earth below the average in order and regi- 
men. 

n = .030, canals and rivers in earth in rather bad order and regimen, hav- 
ing stones and weeds occasionally, and obstructed by detritus, 

nm = 035, suitable for rivers and canals with earthen beds in bad order and 
regimen, and having stones and weeds in great quantities. 

n = .65, torrents encumbered with detritus. 

_ Kutter’s formula has the advantage of being easily adapted to a change 
in the surface of the pipe exposed to the flow of water, by a change in the 
value of n. For cast-iron pipes it is usual to use n = 013 to provide for the 
future deterioration of the surface. 

Reducing Kutter’s formula to the form v = ¢ X Vr x Vs, and taking n, the 
coefficient of roughness in the formula = -011, .012, and .013, and s = .001, we 
poet tlm following values of the coefficient ¢ for different diameters of 
conduit, 
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‘Values orc in Formula v=c x 7 < /s for Metal Pipes and 
Moderately Smooth Conduits Generally. =the 


By Kurrrer’s FormuLa (s = .001 or greater.) 


Diameter. [n= .011)n = .012)n = .013§ Diameter. |n = .011])n = .012/n = .013 


ft. in. o— C= c= (i 
1 47.1 152.7 | 139.24 127.9 
2 61.5 155.4} 141.9] 180.4 
4 77.4 157.7 | 144.1 | 182.7 
6 87.4 159.7 | 146 134.5 
1 105.7 161.5 | 147.8 | 136.2 
7 SP 116.1 163 149.3 | 137.7 
2 123.6 165.8 | 152 140.4 
3 133.6 168 154.2 | 142.1 
4 140.4 169.9 | 156.1] 144.4 
5 145.4 171.6 | 157.7 | 146 
6 149.4 


For circular pipes the hydraulic mean depth r equals 4 of the diameter. 

According to Kutter’s formula the value of c, the coefficient of discharge, 
is the same for all slopes greater than J in 1000; that is, within these limits 
cis constant. We further find that up to a slope of 1 in 2640 the value of ¢ 
is, for all practical purposes, constant, and even up toa slope of 1 in 5000 
the difference in the value of c is very little. This is exemplified in the 
following : 
Value of ¢ for Different Values of //r and s in Kutter’s 

Formula, with = .013. 


Ue = 6 Vr v6 Vs. 
Slopes, 


1 in 1000 1 in 2500 1 in 3333.3 1 in 5000 1 in 10,000 


£56 93.6 POC wee Sead Icey en eo 
1 116.5 115.2 114.4 113.2 109.7 
2 142.6 142.8 143.0 143.1 143.8 


The reliability of the values of the coefficient of Kutter’s formula for 
pipes of less than 6in. diameter is considered doubtful. (See note under 
table on page 564.) 

Values of c for Earthen Channels, by Kutter’s Formula, 
for Use im Formula v=c/rs. 


Coefficient of Roughness, Coefficient of Roughness, 
nm = .0225. m = .035. 


Wr in feet. V7 in feet. 


0.4 | 1.0 | 1.8 | 2.5 | 4.0 2.5 | 4.0 
Slope,lin} c c c c fA c e 

1000 35.7 | 62.5 | 80.3 | 89.2 | 99.9 59.3 | 69.2 
1250 85.5 | 62.3 | 80.3 | 89.3 | 100.2 59.4 | 69.4 
1667 85.2 | 62.1 |} 60.3 | 89.5 | 100.6 59.5 | 69.8 
2500 34.6 | 61.7 | 80.3 | 89.8 | 101.4 59.7 | 70.4 
8333. 34. 61.2 | 80.3 | 90.1 | 102.2 59.9 | 71.0 
5000 33. 60.5 | 80.3 | 90.7 | 103.7 60.4 | 72.2 
7500 31.6 | 59.4 | 80.3 | 91.5 | 106.0 60.9 | 73.9 
10000 30.5 | 58.5 | 80.3 | 92.3 | 107.9 60.5 | 75.4 
15840 28.5 | 56.7 | 80.2 | 93.9 | 112.2 62.5 | 78.6 
27.4 | 55.7 | 80.2 | 94.8 | 115.0 63.1 | 80.6 
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Mr. Molesworth, in the 22d edition of his ‘Pocket-book of Engineering 
Formule,” gives a modification of Kutter’s formula as follows: For flow in 


cast-iron pipes, v = ¢ Vrs, in which 
181 ++ os 
c= —_,, 
2026 ore) 
1+ (11.0 2 
in which d = diameter of the pipe in feet. 
(This formula was given incorrectly in Molesworth’s 21st edition.) 


Molesworth’s Formula.—v = 4/krs, in which the values of k are 
as follows : 


a ee 


Values of k for Velocities, 


Nature of Channel. 


Less than More than 
4 ft. per see. 4 ft. per sec, 
SE RS ES Ss ae 
Brickworks soisoe ove pac teese ees a 8800 8500 
7200 6800 
6400 5900 
5300 4700 


. In very large channels, rivers, etc., the description of the channel affects 
the result so slightly that it may be practically neglected, and k assumed = 
i from 8500 to 9000. 
Flynn’s Formula.—Mr. Flynn obtains the following expression of 
the value of Kutter’s coefficient for a slope of .001 and a value of n = .018: 


183.72 ; 
1 (« dik oe 
E Vr, 


The following table shows the close agreement of the values of c obtained 
from Kutter’s, Molesworth’s, and Flynn’s formule : 


c= 


Diameter. Slope. Kutter, Molesworth. Flynn, 
6 inches lin 40 71.50 71.48 69.5 
6 inches 1 in 1000 69.50 69.79 69.5 
4 feet lin 400 117. 117, 116.5 
4 feet 1 in 1000 116.5 116.55 116.5 
8 feet lin 700 130.5 130.68 130.5 
8 feet 1 in 2600 129.8 129.93 180.5 


Mr. Flynn gives another simplified form of Kutter’s formula for use with 
different values of n as follows : 


| =f <eorielatmcren 
Ae (14.1 x ey Vrs. 
Vr 
In the following table the value of Kis given for the several values of n : 
| n [xeon |x 


eg K K 
009 | 245.63] .012 | 195.83] .o15 165.14 f .018 | 145.03 | .o21 fi 
+010 | 225.51 f .018 | 183.72 9 .016 | 157.6 +019: | 139.73 “Oe 126-78 
O11 | 209.05 f .014 | 187.77 | 017 | 150/94 020 | 124.96 | .0225] 124.9 


If in the application of Mr. Flynn’s formula given above within the limits 


of 7 as given in the table, we substitute for n, K, and 4/r their val 
have a simplified form of Kutter’s formula, * ” Ve bis! Big 


~—s 
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For instance, when 7 = .011, and d = 3 feet, we have 


es 209.05 SA 
i+ 4.41 x Si) 


Bazin’s Formulz: i 
For very even surfaces, fine plastered sides and bed, planed planks, etc., 


v =4/3 + 0000045 (10.16 ++) ies. 


For even surfaces such as cut-stone, brickwork, unplaned planking, mortar, 


ete.* 
ee gf 1+ o00010 (4.354 + *) x Vrs, 


for slightly uneven surfaces, such as rubble masonry ? 


va4/t+ 0oo0s( 1.219 ++) x Vrs, 


For uneven surfaces, such as earth: 


v= i/ 1+ 00085 ( 0,2488 aL *) xX Vrs. 


A modification of Bazin’s formula, known as D’Arcy’s Bazin’s; 
1000s 


C=" (085347 +085" 


For small channels of less than 20 feet bed Bazin’s formula for earthen 
channels in good order gives very fair results, but Kutter’s formula is super- 
seding it in almost all countries where its accuracy has been investigated. 

The last table on p. 561 shows the value of ¢, in Kutter’s formula, for a wide 
range of channels in earth, that will cover anything likely to occur in the 
ordinary practice of an engineer. 

D’Arcy’s Formula for clean iron pipes under pressure is 


Ts 
A a 
00007726 ++ ss 


Flynn’s modification of D’Arcy’s formula is 
_ (1552560 \72 
°Apa +i) * Ve 
in which d = diameter in feet, 


D’Arey’s formula, as given by J. B. Francis, 0.E., for old i 
lined with deposit and under pressure, is , Cast iron Pipe, 


_ (144028 % 
iam weaea cr) : 


Flynn’s modification of D’Arcy’s formula for old cast-iron pipe is 


ox es x Vrs. 
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é For Pipes Less than 5 inches in Diameter, coefficients (c) 
in the formula v = ¢ /rs, from the formula of D'Arcy, Kutter, and Fanning. 


. ; Kutter, | Fanning, 
Diam. he ees for ’ | for Clean 
Fee ene eenldel ee Tron 


inches} Pipes. 8 = .001| Pipes. 


Diam. | D’Arcy Kutter, | Fanning, 


» for for Clean 
in |for Clean e011 Tron 


inches.| Pipes. s=.001| Pipes 


36 | 59.4 32. 90.7 | 58.8 92.5 
46 | 65.7 36.1 92.9 | 61.5 94.8 
% | 74.5 42:6 96.1 66. 
1 80.4 47.4 80.4 98.5 | 70.1 96.6 
14 | 84:8 51.9 101.7 | 77.4 108.4 
ig | 88.1 55.4 88 103.8 | 82.9 


Mr. Flynn, in giving the above table, says that the facts show that the co- 
efficients diminish from a diameter of 5 inches to smaller diameters, and it 
is a safer plan to adopt coefficients varying with the diameter than a con- 
stant coefficient. No opinion is advanced as to what coefficients shoulé be 
used with Kutter’s formula for small diameters. The facts are simply 
stated, giving the results of well-known authors. 

Older Formulz.—The following are a few of the many formulee for 
flow of water in pipes given by earlier writers. As they have constant coef- 
ficients, they are not considered as reliable as the newer formule. 


Prony, v = 97 /rs — .08; 


dh 
Eytelwein, v= 50 VA Toe 8 UH 108 rs — 0,18; 


ane . 
Hawksley, v = 48 VA roe Neville, v = 140 Vrs — 11 Vrs. 


In these formule d = diameter in feet; h = head of water in feet; 7 = 
length of pipe in feet; s = sine of slope = Tr r= mean hydraulic depth, 


= area + wet perimeter = ¢ for circular pipe. 


_ Mr. Santo Crimp (Eng’g, August 4, 1893) states that observations on flow 
in brick sewers show that the actual discharge is 83% greater than that cal- 
culated by Eytelwein’s formula. He thinks Kutter’s formula not superior 
to D’Arcy’s for brick sewers, the usual coefficient of roughness in the 
former, viz., .013, being too low for large sewers and far too small in the case 
of small sewers. ‘ 
D’Arcy’s formula for brickwork is 
2 
v= 20,5; m= a1 +2); a = .0037285: B = .229663, 


VELOCITY OF WATER IN OPEN CHANNELS, 


Irrigation Canals.—The minimum mean velocity required to prevent 
the deposit of silt or the growth of aquatic plants is in Northern India 
taken at 114 feet per second. It is stated thatin America a higher velocity 
is required for this purpose, and it varies from 2 to 314 feet per second. The 
maximum allowable velocity will vary with the nature of the soil of the 
bed. A sandy bed will be disturbed if the velocity exceeds 8 feet per 
second. Good loam with not too much sand will bear a velocity of 4 feet 
per second. The Cavour Canal in Italy, over a gravel bed, has a velocity of 
about 5 per second. (Flynn’s “ Irrigation Canals.” 

Mean Surface and Bottom Velocities.—According to the for- 
moula of Bazin, 


v= vmax — 25.4 V/rs; v= vd + 10,87 4/78, 
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.*. U = v— 10.87 rs, in which v = mean velocity in feet per second, 
vmax = maximum surface velocity in feet per second, vb = bottom velocity 
in feet per second, r = hydraulic mean depth in feet = area of cross-section 
in square feet divided by wetted perimeter in feet, s — sine of slope. 4 

The least velocity, or that of the particles in contact with the bed, is 
almost as much less than the mean velocity as the greatest velocity is 
greater than the mean. Be: i 

Rankine states that in ordinary cases the velocities may be taken as bear- 
ing to each other nearly the proportions of 3, 4, and 5. In very slow cur- 
rents they are nearly as 2, 3, and 4. 5 2 

Safe Bottom and Mean Velocities.—Ganguillet & Kutter give 
the following table of safe bottom and mean velocity in channels, calculated 


from the formula v = vp + 10.87 #/rs: 


Safe Bottom Veloc| Mean Velocity wv, 


Material of Channel. ity vb, in feet in feet per 
per second. second. 

Soft brown earth........ mieasitie faetcies 0,249 0.328 
Soft loam............ iy 0.499 0.656 

ANI cares! Fe aicyacre sabes 1.000 1.312 
Grayeleco sn teen cee 1.998 2.625 
PODDIEGS Coe ioe icicns cise 2.999 3.938 
Broken stone, flint....... Robes 4.003 5.579 
Conglomerate, soft slate. 4,988 6.564 
Stratified rock.......... 6.006 8.204 
Tae TOCK eos ease, 10.009 13.127 


Ganguillet & Kutter state that they are unable for want of observations 
to judge how far these figures are trustworthy. They consider them to be 
rather disproportionately small than too large, and therefore recommend 
' them more confidently. 

Water flowing at a high velocity and carrying large quanties of silt is very 
destructive to channels, even when constructed of the best masonry. 

Resistance of Soils to Erosion by Water.—w. A. Burr, Eng’g 
News, Feb. 8, 1894, gives a diagram showing the resistance of various soils to 
erosion by flowing water. 

Experiments show that a velocity greater than 1.1 feet per second will 
erode sand, while pure clay will stand a velocity of 7.35 feet per second. 
The greater the proportion of clay carried by any soil, the higher the per- 
missible velocity. Mr. Burr states that experiments. have shown that the line 
describing the power of soils to resist erosion is parabolic. From his dia- 
gram the following figures are selected representing different classes of 
soils: 


Pure sand resists erosion by flow of........ - 1.1 feet per second, 
Sandy soil, 15% clay 1.2 “ es 


“a es 
“ “ 


7 5 oe « 
3 A Raper api eee b Verdaaee 


Abrading and Transporting Power of Water.—Prof. J. 
LeConte, in his “Elements of Geology,” states : 

The erosive power of water, or its power of overcoming cohesion, varies as 
the square of the velocity of the current. 

The transporting power of a current varies as the sixth power of the ve- 
locity. * * * If the velocity therefore be increased ten times, the transport- 
ing power is increased 1,000,000 times. A current running three feet per 
second, or about two miles per hour, will bear fragments of stone of the 
size of a hen’s egg, or about three ounces weight. A current of ten miles an 
hour will bear fragments of one and a half tons, and a torrent of twenty 
miles an hour will carry fragments of 100 tons. 

The transporting power of water must not be confounded with its erosive 
power. The resistance to be overcome in the one case is weight, in the 
other, cohesion ; the latter varies as the Square ; the former as the sixth 
power of the velocity. 

In many cases of removal of slightly cohering material, the resistance is a 


Sandy loam, 40% clay... my Sf xe 
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mixture of these two resistances, and the power of removing material will 
vary at some rate between v? and v®. i R 

Baldwin Latham has found that in order to erent deposits of sewage silt 
in small sewers or drains, such as those from 6 inches to 9 inches diameter, 
a mean velocity of not less than 3 feet a second should be produced. 
Sewers from 12 to 24 inches diameter should have a velocity of not less than 
234 feet per second, and in sewers of larger dimensions in no case should the 
velocity be less than 2 feet per second. 

The specifie gravity of the materials has a marked effect upon the mean 
velocities necessary to move them. T. BH. Blackwell found that coal of a 
Sp. gr. of 1.26 was moved by a current of from 1.25 to 1.50 ft, per second, 
while grones of a sp, gr. of 2.82 to 3.00 required a, velocity of 2,5 to 2.75 f6. per 
second. 

Chailly gives the following formula for finding the velocity required to 
move rounded stones or shingle : 


v= 5,67 Vag, 


in which v = velocity of water in feet per second, a = average diameter in 
feet of the body to be moved, g =its specific gravity. 

Geo. Y. Wisner, Eng’g News, Jan 10, 1895, doubts the general accuracy of 
statements made by many authorities concerning the rate of flow of a cur- 
rent and the size of particles which different velocities will move, He says; 

The scouring action of any river, for any given rate of current, must be an 
inverse function of the depth. The fact that some engineer has found that 
a given velocity of current on some stream of unknown depth will move 
sand or gravel has no bearing whatever on what may be expected of cur- 
rents of the same velocity in streams of greater depths. In channels 3 to 5 
ft. deep a mean velocity of 3 to 5 ft. per second may produce rapid scouring, 
while in depths of 18 ft. and upwards current velocities of 6 to 8 ft. per 
second often have no effect whatever on the channel bed. 

Grade of Sewers, —The pollowing. empirical formula is given in Bau- 
meister’s ‘‘ Cleaning and Sewerage of Cities,” for the minimum grade for a 
sewer of clear diameter equal to d inches, and either circular or oval in 
section ; : io 

Minimum grade, in per cent, = 5a-.50" 


As the lowest limit of grades which can be flushed, 0.1 to 0.2 per cent may 
be assumed for sewers which are sometimes dry, while 0.3 per cent is allow- 
able for the trunk sewers in large cities. The sewers should run dry as 
rarely as possible. 

Relation of Diameter of Pipe to Quantity Discharged.— 
In many cases which arise in practice the information sought is the diame- 
ter necessary to supply a given quantity of water under a given head. The 
diameter is commonly taken to vary’as the two-fifth power of the dis- 
charge. This is almost certainly too large. Hagen’s formula, with Prof, 


Unwin’s coefficients, gived =c cy) » where c = .239 when d and @Q 
: v 
are in feet and cubic feet per second. 

Mr. Thrupp has proposed a formula which makes d vary as the .383 power 


of the discharge, and the formula of M. Vallot, a French engineer, makes d 
vary as the .375 power of the discharge. (Hngineering.) 


FLOW OF WATER—EXPERIMENTS AND TABLES. 


The Flow of Water through New Cast-iron Pipe was 
measured by S, Bent Russell, of the St. Louis, Mo,, Water-works. The 
‘pipe was 12 inches in diameter, 1631 feet. Jong, and laid on a uniform 
grade from end to end, Under an average total head of 3.36 feet the flow 
was 43,200 cubic feet in seven hours; under an average head of 3.37 feet the 
flow was the same; under an average total head of 3.41 feet the flow was 
46,700 cubic feet in 8 hours and 35 minutes. Making allowance for loss 
of head due to entrance and to curves, it was found that the value of ¢ in 
the formula v= c Vrs was from 88 to 98. (Eng’g Record, April 14, 1894. 

Flow of Water in a 20-inch Pipe 75,000 Feet Long.—A 
comparison of experimental data with calculations by different formule ig 
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given by Chas. B. Brush, Trans. A. 8. C, E., 1888. The pipe experimented 
with was that supplying the city of Hoboken, N. J. 
? 


REsvtTs OBTAINED BY THE HACKENSACK WATER ComMPANy, FROM 1882-1887, : 
1 Pumping THROUGH A 20-1N. Cast-IRON Main 75,000 Frer Lona, 
Pressure in Ibs. per sq, in. at pumping-station; 

95 Fro 105 P 110 : 115 120 125 190 
Total effective head in feet: 
55 66 ri 89 100 112 128 185 
Discharge in U. S. gallons in 24 hours, 1 = 1000: 
2848 8,165 8,354 8566 8804 8904 4116 4,055 
Actual velocity in main in feet per second: 
2.00 2.24 2.386 2.52 2.68 2.76 2.92 8.00 
Cost of coal consumed in delivering each million gals. at given velocitieg, 
$8.40 $8.15 $8.00 $8.10 $8.80 $8.60 $9.00 $9.60 
Theoretical discharge by D’Arcy’s formula: 
2,748 8,004 «8,244 8,488 = 8,699 9,918 94102 4,207 


Velocities in Smooth Crst-iron eae a from 1 Foot 
to 9 Feet in Diameter, on Hydraulic Grades of 0.5 
Foot to 8 Feet per Mile; with Corresponding Values 


ofcin V=c/Yrs. (D.M. Greene, in Eng’g News, Feb. 24, 1894.) 


$n 


32 38.0 Hydraulic Grade; Feet per Mile =h. 
See; _-—- —— 
Asics"! nso 1.0 1.5 2.0 3.0 4.0 
D.| r. .|s=0.0000947 | 0.0001894] 0.002841] 0.0003788| 0.000568 0.007576 
a 0.28) ea 0.4548) 0.6678 | 0.8866 | 9808 | e227? | t-daoe 
rte) als C= 92.7 i . ° e 
ye i = 5027889) 0008 | Bo16 | 15856 we ee 
f C= A . s . 
aga ro = 4420783) 34208 | 7906 | 2.1017 Re 3.08 
= 3 c= 5 oe 22. . 
= 1,1883| 1.7456 | 9.1861 | 2.5645] 3.2116 | 3 'v676 
4.1.0 5] c= 19211 | 126.8 ] 199.7 | 181.8 | 194°7 136.9 
= 1.3872] 2.0879] 2.5521.) 2.9939] 3.7493 | 4’3988 
5. [1.255 | ¢ =. 19715 | 189.4 195.5 137.6 | 140.7 142.9 
V= 1.5742] 2.8126] 2.8961 | 3.3975| 4.9548 | 4 9918 
6. 1.5 4) c= 19211 | 137.8 | 140.3 142:6 | 145.8 48.1 
V= 1.7518] 2.5736 | 3.2230 | 3.7809] 4.7350 | 5 5846 
Gg 1.754 c= 185.9 | 141.4 | 146.0 | 146.8 | 150.2 — | 159'5 
; 2.0 } Vs 192s) | 2.8034 | 3.5958 ht | 5-198 15h 0086 
ke “4 = 139. DD . e 
y= 20854| 3, 8.8368 | 4.5010! 5.6368 | 6 6125 
9 2.25 } e=142.9 | 148.4 | 151.7 {454.2 | 157.6 160.1 


The velocities in this table have been calculated by Mr. Greene’s modifi- 
cation of the Chezy formula, which modification is found to give results 
which differ by from 1.29 to — 2.65 per cent (average 0.9 per cent) from very 
carefully measured flows in pipes from 16 to 48 inches in diameter, on grades 
from 1.68 feet to 10.296 feet per mile, and in which the velocities ranged~ 
from 1.577 to 6.195 feet per second. The only assumption made is that the 
modified formula for V gives correct results in conduits from 4 feet to 9 
feet in diameter, as it is known to do in conduits less than 4 feet in diameter. 

Other articles on Flow of Water in long tubes are to be found in Engg 
News as follows: G. B. Pearsons, Sept. 23, 1816; E. Sherman Gould, Feb. 16, 
23, March 9, 16, and 23, 1889; J. L. Fitzgerald, Sept. 6 and 13, 1890; Jas. Duane, 
Jan. 2, 1892; J. T. Fanning, July 14, 1892; A. N. Talbot, Aug. 11, 1892, 


Bad 
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f Water in Circular Pipes, Sewers, ete., Flowi 
hae 0 “pnsea on Kutter’s Formula, with n 2 2013. rs 


Discharge in cubic feet per second. 


Slope, or Head Divided by Length of Pipe, 


eter, 
1 in 40} 1 in 70 |1 in 100 }1 in 200 /1 in 300 |1 in 400 |1 in 500 |1 in 600 
5 in. 456 344 288 204 166 144 137 118 
G's -762 -576) 482 341 +278 241 280 197 
( oa 1.17 889, 144 «526 -430 372 855 «804 
Chay 1.70 1.29 1.08 765 624 54 -516 +441 
9“ 2.87 1.79 1.50 1.06 +868 75 vous -613 
Slope ....} 1 in 60 | 1 in 80 1 in 100 }1 in 200 |1 in 300 |1 in 400 |1 in 500 |1 in 600 
10 in, 2.59 2.24 2.01 1.42 1.16 00 : 82 
ais 3.39 2.94 2.63 1.86 1 52 1.31 1.17 1.07 
dead 4,32 3.7% 3.35 2.37 1.93 1.67 1.5 1.37 
13:** 5.38 4.66 4.16 2.95 2.40 2.08 1.86 1.70 
14 * 6.60 5.92 5.15 8.62 2.95 2.57 2.29 2.09 
Slope ....| 1 in 100}1 in 200 }1 in 800 }1 in 400 |1 in 500 |1 in 600 |1 in 700 1 in 800 
15in, 6.18 4.37 3.57 8.09 2.2% 2.52 2,34 2.19 
1G 3 7.28 5.22 4.26 3.69 3.30 3.01 2.79 2.61 
18 “* 10.21 7.22 5.89 5.10 4.56 4.17 8.86 3.61 
20 ** 13.65 9.65 7.88 6.82 6.10 5.57 5.16 4.83 
22 “* 17.7) | 12.52 | 10,22 8.85 7.92 F238 6.69 6.26 
Slope ..../1 in 200|1 in 400 /1 in 600 |1 in 800 {1 in 10001 in 1250/1 in 1500/1 in 1800 
2 ft. 15.88 | 11.23 9.17 7.94 4.10 6.35 5.29 
2ft.2in.| 19.73 | 18.96] 11.39 9.87 8.82 7.89 7.20 6.58 
24 | 24.15} 17.07 | 1894] 12.074 10.80 9.66 8,82 8.05 
26 | 29.08 | 20.56] 16.79 | 14.54] 18.00] 11.63] 10.62 9.69 
2° 8 | 34.71 | 24.54] 20.04) 17.85] 15.521 13°88 12.67 | 11.57 
Slope ..../1 in 500/1 in 750 |1 in 1000]1 in 1250]1 in 15001 in 1750/1 in 2000/1 in 2500 
2ft.10in.| 25.84 { 21.10] 18.27} 16.34 | 14.92} 13.81 | 12.92 11.55 
a! 30.14 | 24.61} 21.31} 19.06 { 17.40] 16.11] 15:07 | 13.48 
8 “ 2in 84.90 | 28.50 | 24.68} 22.07} 20.15] 18.66] 17.45] 45 61 
enn sae 40,08 | 82.72 | 28.84] 25.85] 23.14] 21.42] 20.041 17.93 
3 6 “ 45.66 | 87.28 | 82.28 | 28.87] 26.36} 24.40] 22°83] 20.41 
Slope ....}1 in 500/1 in 750|1 in 1000]1 in 1250]1 in 150011 in 1750/1 in 2000 1 in 2500 
8ft. 8in.| 51.74 | 42.52 -59 | 382.72 | 29.87] 27.66 | 25.87] 28.14 
3“ 10% | 58.36 | 47.65 | 41.27] 3691} 33.69] 31.20] 29.18 26.10 
Oe 65.4 53.46 | 46.30 | 41.41} 87.80] 34.50] 32.74 | 99.98 
4“ Gin.| 89.75 | 73.28] 63.47] 56.764 51.821 47.97 | 4488 40.14 
5“ 9 97.09 | 84.08} 75.21} 68.65} 63.56] 59.46 | 53.18 
Slope ....]1 in %50/1 in 1000]1 in 1500/1 in 2000]1 in 2500/1 in 3000/1 in 3500/1 in 4000 


5ft.6 in. 125.2 | 108.4 88.54] 76.67 | 68.58 | 62.60] 57.96 | 54.21 

L 157.8 | 186.7 | 111.6 96.66) 86.45} 78.92] 73.07 | 68.35 
6 “6 “ | 195.0 | 168.8 | 187.9 | 119.4 | 106.8 97.49 | 90.26 | 84.43 
Ge 237.7 | 205.9 | 168.1 | 145.6 } 130.2 | 118.8 | 110.00 | 102.9 
76 | 285.8 | 247.1 | 201.7 } 174.7 | 156.8 | 142'6 182.1 | 123.5 


— 


Slope ....}1 in 1500|1 in 2000/1 in 2500]1 in 3000/1 in 8500/1 in 4000/1 in 4500|1 in 5000 


& ft. 239.4 | 207.3 | 195.4 } 169.3 | 156.7 | 146.6 | 138.2 131.1 
8 “ Gin.| 281.1 | 248.5 | 217.8 | 198.8 { 184.0 | 172.2 162.3 | 154.0 
a 827 283.1 | 258.3 | 231.2 | 214.0 | 200.2 | 188.7 179.1 
9“ 6“ | 376.9 | 326.4 | 291.9 | 266.5 | 246.7 | 230.8 217.6 | 206.4 
10 ‘* 431.4 1 873.6 | 334.1 1 305.0 | 282.4 | 264.2 | 949-4 266.3 


For U. 8. gallons multiply the figures in the table by 7.4805. 
For a given diameter the quantity of flow varies as the ae root of the 
sine of the slope. From this principle the flow for other s Opes than those 
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given in the table may be found. Thus, what is the flow for a pipe 8 feet 
diameter, slope 1 in 125? From the table take Q = 207.8 for slope 1 in 2000, 
The given slope 1 in 125 is to 1 in 2000 as 16 to 1, and the square root of this 
ratiois4to1. Therefore the flow required is 207.8 x 4 = 829.2 cu, ft. 


Circular Pipes, Conduits, etc., Flowing Full. 


Values of the factor ac /r in the formula Q = ae Vr x 4/s_correspond~ 
ing to (eae values of the coefficient of roughness, n. (Based on Kutter’s 
ormula.) t 


| Value of ac //r. J 
SS 


ft. in,} n = .010. = 011. | m= .012. | n = .013. = .015. | m = .017, 
6 6.906 6.0627 5.3800 4.8216 3.9604) 3.329 
9 21.25 18.742 16.708 15.029 12.421 10.50 
1 46.93 41.487 37.149 83.497 27.803 23.60 
1 3 86.05 16.347 68.44 61.867 51.600 43.93 
26 141.2 125.60 112.79 102.14 85.496 72.99 
1:9 214.1 190.79 171.66 155.6 130.58 111.8 
2 307.6 274.50 247.33 224.63 188.77 164 
2 3 421.9 377.07 340.10 809.23 260.47 223.9 
2 6 559.6 500.78 452.07 411.27 847.28 299.3 
2°9 922.4 647.18 584.90 532.76 451.23 388.8 
3 911.8 817.50 739.59 674.09 570.90 493.3 
38 3 1128.9 1013.1 917.41 836.69 709.56 613.9 
8 6 1374.7 1234.4 1118.6 1021.1 866.91 750.8 
3 9 1652.1 1484.2 1845.9 1229.7 1045 906 
4 1962.8 1764.3 1600.9 1463.9 1245.3 1080.7 
46 2682.1 2413.3, 2193 2007 1711.4 1487.3 
5 8543 8191.8 2903.6 2659 2272.7 1977 
5 6 4557.8 4111.9 8742.7 8429 2934.8 2557.2 
6 5731.5 5176.3 4713.9 4322 3702.3 3232.5 
'6 6 2075.2 6394.9 5825.9 5339 4588.3 4010 
q 8595.1 W743 7087 6510 5591.6 4893 
% 64 10296 9318.8 8501.8 7814 6717 5884.2 
8 12196 11044 10083 9272 7978.3 6995.3 
8 6] 14298 12954 11832 10889 9377.9 8226.3 
9 16604 15049 13751 12663 10917 9580.7 
9 6] 19118 17338 15847 14597 12594 11061 
10 21858 19834 18134 16709 14426 12678 
10 6] 24823 22534 20612 18996 16412 14434 
11 28020 25444 28285 21464 18555 16333 
11 6] 381482 28593 26179 24139 2087S 18395 
2 85156 819387 254 26981 23352 20584 
12 6] 89104 85529 82558 80041 26012 22938 
13 43307 89358 86077 33301 28859 25451 
13 6) 47751 43412 89802 82752 31860 28117 
14 52491 47739 43778 40432 35078 30965 
14 6] 57496 2 47969 44322 38454 33975 
15 62748 57103 52882 48413 42040 37147 
16 ‘(4191 67557 62008 57343 49823 44073 
17 86769 79050 72594 40 58387 51669 
18 100617 91711 84247 77932 67839 60067 
19 115769 105570 96991 89759 78201 69301 
20 132133 120570 110905 102559 89423 79259 
Oe en 


Flow of Water in Circular Pipes, Conduits, etc., Flowing 
under Pressure. 


_ _ Based on D’Arcy’s formulze for the flow of water through cast-iron Pipes. 
With comparison of results obtained by Kutter’s formula, with n = .013, 
(Oondahesd. from Flynn on Water Power.) 


Values of a, and also the values of the factors ¢ Vr and ac Wr for use in 
the formule Q= av; v=cVrx Vs, and Q=acYrx Vs 
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@Q = discharge in cubic feet per second, a = area In square feet, v = veloc- 
ity in feet per second, » = mean hydraulic depth, 34 diam. for pipes running 
full, s = sine of slope, 

(For values of 4s see page 558.) 


Clean _Cast-iron Old Cast-iron Pipes 


Size of Pipe. - Pipes. Value of |_Lized with Deposit. 
ee Vr by 
= : ter’s 
d= diam.|*=2T€) For For Dis- ut For For 
in ae Velocity,| charge, ae Velocity, | Discharge, 
ft. * square ’ when — 
2 ees eet. cVr- acYr- jn= .013, c Yr. ac Vr. 
—— —— 
00077 6.251 -00403 3.532 00272 
00136 6.702 200914 4.507 00613 
ZA 00807 9.309 -02855 ’ 6,261 -01922 
1 000545 | 11.61 06334 811 204257 
14 00852 } 13.68 #11659. 9.255 07885 
146 201227 | 15.58 219115 , 10.48 +12855 
134 01670 | 17.82 «28936 11.65 19462 
2 202182 | 18.96 41357 12.75 27824 
246 0341 21.94 «74786 14.76 +50321 
3 0491 24.63 1.2089 16,56 -81383 
4 0873 29.387 2.5630 19.75 1.7246 
5 ° 54 4.5610 56 
6 0196 37,28 7.8068 4.822; 25.07 4.9147 
ve 2267 40,65 10.852 7.84 7.2995 
8 849 43.05 15.270 29.43 10.271 
9 2442 46.73 20.652 15.03 81.42 13,891 
10 Fi 49.45, 26.952 33.26 18,129. 
11 2660 52.16 84.428 35.09 23.158 
1 785 54.65 42.918 33.50 36.75 28.867 
1 2 1.000 59.34 63.435, 39.91 42.668 
1 4 1,396 63.67 88.886 42.83 59.788 
1 6 1.767 67.75 119.72 102.44 45.57 80.531 
1 8 «182 W171 156.46 48.34 105.25 
21 10 2,640 95.382 198.83 50.658 133.74 
2 3.142 48.80 247.57 224.62 52.961 166,41 
8.08 3.687 82.15 302.90 55.258 203.74 
2 4 4.276 85.39 365.14 57.436 245.60 
2 6 4.909 88.39 433.92 411.37 59.455 291.87 
2 8 5.585 91.51 511.10 61.55 343.8 
2 10 6.305 94,40 595.17 63.49 400.3 
3 7.068 97.17 686.76 674.09 €5.35 461.9 
3 2 7.875 99.93 786.94 67.21 529.3 
8 4 8.726 102.6 895.7 69 602 
3 6 9,621 105.1 1011.2 1021.1 70.70 680.2 
38 8 10.559 107.6 1186.5 72.40 764.5 
3 10 11,541 110.2 1271.4 74.10 855.2 
4 12,566 112.6 1414.7 1463.9 75.73 951.6 
4 8 14.186 116.1 1647.6 78.12 1108.2 
4 6 15,904 119.6 1901.9 2007 80.43 1279.2 
4 9 17.921 122.8 2176.1 82.20 1456.38 
5 19, 126.1 2476.4 2659 84.83 1665.7 
Br Bi 21.648 129.3 2799.7 86.99 1883.2 
5 6 23.758 182.4 3146.3 8429 89.07 2116.2 
5 9 25.967 135.4 3516 91.08 2365 
6 28. 138.4 3912.8 4322 93.08 2681.7 
6 6 83.183 144.1 4782.1 5339 -93 8216.4 
% 38. 149.6 5757.5 6510 100.61 8872.5 
7 6 44.179 154.9 6841.6 9814 104.11 4601.9 
8 50.2 160 8043 9272 107.61 5409.9 
8 6 56.745 165 9364.7 10889 111 \ 6299.1 
ie 63.617 169.8 10804 12663 114.2 ‘(267.38 
9 6 20.882 174.5 12370 14597 | 117.4 $320.6 
10 98.540 179.1 14066 16709 120.4 9460.9 
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4 


Size of Pipe. Clean Cast-iron 

Pipes. Value of 

. Vr by 

= utter’s 

d= diam.|*=2"e@! or | For Dis lromens 

in gquare Velocity,! charge, when ” 

ft. in, feet. cVr- acVre jn=.013 
10 6 86.590 183.6 15893 18996 
11 95.033 187.9 17855 21464 
11 6 = {103.869 192.2 19966 24139 
12 113.098 196.3 22204 26981 
12 6 122.719 200.4 24598 30041 
13 132.733 204.4 27184 33301 
13 6 {143.139 208.8 29818 36752 
14 153.938 212.2 32664 40432 
14 6 = = /165.130 216.0 35660 44322 
15 176.715 219.6 38807 48413 
15 6 188.692 223.3 42125 52753 
16 201.062 226.9 45621 57343 
16 6 {213.825 230.4 49273 62132 
17 226.981 233.9 58082 67140 
17 6 {240.529 237.3 57074 72409 
18 254.470 240.7 61249 77932 
19 283.529 247.4 70154 89759 
20. 314.159 253.8 79736 102559 


Old Cast-iron Pipes 


Lined with Deposit. 


For For 
Velocity, | Discharge, 


c Vr 


ae Vr. 


47186 
53633 


low, of Water in Circular Pipes from % inch to 12 inches 


Diameter, 


Based on D’Arcy’s formula for clean. cast-iron pipes. Q=ac Vr Vs. 


Ss 
Slope, or Head Divided by Length of Pipe. 


| Value of Inia, 


ac WV; Vs in, 


— 


11659 | 144| 03687} .02607 
19115 | 114) .06044) .04274) 
+28936 | 134] .09140) .06470 
-41357 | 2 13077] .09247 
-T4786 | 216) .23647) .16722 
1.2089 3 88225) .27031 
2.5630 4 81042] .57309] . 
4.5610 5 | 1.4422 |1.0198 
7.8068 6 | 2.3104 |1.6338 
10.852 GT | 8.4314 |2.4265 
15.270 8 | 4.8284 [3.4143 
20.652 9 | 6.5302 |4.6178 
26.952 10 | 8.5222 |6.0265 


84.428 11 |10.886 |7.6981 


42.918 [12 13.571 
Value of #/s =! .8162 


9.5965 


—<——— 


2236 | .1581 | .1291 


572 


Value of /Dia. 
ac Vr. 


42.918  |12 | 2. 


Value of /s= 1 . 


“~ “ oe + 24 brsz., oe Cty “ “ 


For any other slo 
slope ; thus, flow in 


" {110 250.1 309. | 350, 


HYDRAULICS, 


Slope, or Head Divided by Length of Pipe. 
Jin | lin | lin } 1in | lin 
450. | 500, 


le 
jae 


00403 00025] .00023} ,00022} .00020} .00019/ ,00018 
200914 -00058} .00053] .00049} .00046 3 
02855 4} .00181) .00165} .00153} .00143) .00134) .00128 
- 1 00400) . -00339} .00317] .00298| . 
11659 | 114) .00737| .00673) .00623} .00583] .00549| .00521 
19115 144 01209) .01104, .01022} .00956} .00901} .00855] 
-28936 | 134] .01830) .01671) .01547] .01447] .01363| .012941 
\ 41357 | 2 -02615] .023 02211} .02068} .01948) .0184 
-74786 | 246) 04730) .04318] .03997] .03739] .03523| .03344| 
1.2089 3 07645) 06980) .06462] .06045| .05695) .05406) 
2.5630. 4 -16208] .14799] .13699| .12815] .12074] .11461 
4.5610 5 28843) .26335| .24379/ .22805] °.21487] .20397| 
7.3 6 ~46208) .42189) .89055| .36534] .34422| .32676, 
10.852 vg 68628) .62660] .58005] .54260} .51124| .48530) 
15.270 8 -96567) .88158] .81617| .76350| .71936| .68286) 
20.652 9 | 1.3060 |1.1924 }1.1038 }1.0326 | .97292) . 6). . 
26.952 10 } 1.7044 1.5562 |1.4405 {1.3476 1.2697 |1.2053 }1.1492 |1. 
84.428 11 | 2.1772 |1.9878 1.8402 11.7214 ]1.6219 }1.5396 |1.4680 ]1.4055 


06324] .05774| .05345) .05 -04711| .044' 


pe the flow is proportional to the square root of the 
slope of 1 in 100 is double that in slope of 1 in 400, 


Flow of Water in Pipes from % Inch to 12 Inches 
Diameter for a Uniform Velocity of 100 Ft. per Min. 


Diameter Area Flow in Cubic |Flow in U. S.| Flow in U. 8, 
in in Feet per Gallons per | Gallons per 

{Inches. Square Feet. Minute. Minute. Hour, 

00077 0.077 57 34 

200136 0,136 1,02 61 

YA -00307 0.307 2.3 138 

1 00! 545 4.08 245 

1 00852 0.852 6.38 383 

1 01227 227 9.18 551 

1 01670 1.670 12.50 750 

02182 2.182 16.32 

216 -0341 3.41 25.50 1,530 

8 20491 4.91 86.72 2,203 

4 0873 8.73 65.28 3,917 
5 0136 13.6 102.00 5 

6 196 19.6 146.88 8,813 

% 267 26.7 199.92 11,995 

: 8 0349 34.9 261.12 15,667 
9 2443 44.2 l 19, 
10 545 54.5 408.00 ; 

11 660 66.0 493.68 29,621 

12 0785 78.5 587.52 35,251 


Given the diameter of a pipe, to find the quantity in eeuens it will deliver, 


the velocity of flow 


and multiply by 4.08, 


being 100 ft. per minute, Square the diameter in inches 


<A) 
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If Y = quantity in gallons per minute and d = diameter in inches, then 
Q= d? X .7854 * 100 x 7.4805 
ir 144 
? 
For any other velocity, VY’, in feet per minute, Q’ = 4.000 = .0408a97’. 
Given diameter of pipe in inches and velocity in feet per second, to find 
discharge in cubic feet and in gallons per minute. 

ost X -7854 X v x 60 

ere 144 

= .32725 X 7,4805 or 2.448d2v U. S. gallons per minute. 

To find the capacity of a pipe or cylinder in gallons, multiply the square 


of the diameter in inches by the length in inches and by .0034. Or mu tiply 
the square of the diameter in inches by the length in feet and by .0408, 


C= = = .0084d22 (exact) .0084 x 12 = .0408, 


= 4,083, 


= 0.82725d2v cubic feet per minute. 


LOSS OF HEAD. 


The loss of head due to friction when water, steam, air, or gas of any kind 
flows through a straight tube is represented by the formula 


. enese 
he SFE whence v = 4/54 a 


in which / = the length and d = the diameter of the tube, both in feet; v = 
velocity in feet per second, and f is a coefficient to be determined by exper 
ment. According to Weisbach, f = .00644, in which case 


/ = and v= 504/75, 


which is one of the older formule: for flow of water (Downing’s), Prof. Une 
win says that the value of f is possibly too small for tubes of small bore, 
and he would put f = .006 to .01 for 4-inch tubes, and f = .0084 to .012 for 2 
inch tubes. Another formula by Weisbach is 


-01716\ 2 y 
hs (.0144 ear ata vas 
i‘ ( Vo )4 2g 
Rankine gives ; 
$= .005(1 +57): 
From the general equation for velocity of flow of water v=c Ve V3, = 
: da h Bec 4Iv2 . 
for round pipes o4/% 7 we have v3? = Bi i andh= aq? in which 


¢ is the coefficient c of D’Arcy’s, Bazin’s, Kutter’s, or other formula, as found 
by experiment, Since this coefficient varies with the condition of the inner 
surface of the tube, as well as with the velocity, it is to be expected that 
values of the toss of head given by different writers will vary as much as those 
of quency of flow. Twotables for loss of head per 100 ft..in length in pipes- 
of different diameters with different velocities are given below. The first 
is given by Clark, based on Ellis’ and Howland’s experiments; the second is 
from the Pelton Water-wheel Co.’s catalogue, based on Cox's formula, see 
p. 575, with the divisor 1000 instead of 1200, as it is for riveted steel pipe, 
The loss of head as given in these two tables for any given diameter and 
velocity differs considerably. Either table should be used with caution and 
the results compared with the quantity of flow for the given diameter and 
head as given in the tables of flow based on Kutter’s and D’Arcy’s formule, 
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Relative Loss of Head by Friction for each 100 Feet 
Length of Clean Cast-iron Pipe. 


(Based on Ellis and Howland’s experiments.) 


Diameter of Pipes in Inches, 


Velocit; SRS RESIDE GS I ae. Se ae ee 
por | 2 | 4 | 8 feat eee: 8 | 8b w am |. oa 
Second 2 ee eee 
Loss of Head in Feet, per 100 Feet Long. 
Feet | Feet | Feet | Feet | Feet | Feet | Feet | Feet | Feet | Feet, 
Feet f 


of of fo) of co) ° of of of of 
Head|Head |Head | Head|Head|Head|Head|Head |Head |Head 


Loss of Head in Pipe by Friction.—Loss of head by friction in 
each 100 feet in length of different diameters of pipe when discharging the 
following quantities of water per minute (Pelton Water-wheel Co.) : 


ts Inside Diameter of Pipe in Inches. 
i-4 
2 4 ~ 3 4 5 6 
3. 
dBc! he be Le} he Le] te ~ be ne] & 
Slee Se. 4a le | ot | ema s| Babe Le] gate 
pel sl Be |e] S21 Ou | Paro al Sale lsel ese 
B'ls3 eS | o3 [as [33 led (v8 | eg les leg los led 
Soe | 2S] = lee | oe | es] =| 28 | ,2|28|,2|28 
3 | 88 3 gs BA 8 3a gs BA és Fe gs al 
Vale Qa) <u iO.) fixe|.wOe le tel Omak [Qn unalc@ 
2. 2.87) .65 | 1.185] 2.62 -791) 65.89) .503) 10.4 | .474| 16.8) .895) 23.5 
3. 4.89) .99 | 2.44 | 3.92 | 1.62 8.83] 1.22 | 15.7 | .978| 24.5] .815] 85.3 | 
4. 8.20] 1.32 | 4.10 | 5.23 | 2.73 | 11.80] 2.05 | 20.9 |1.64 | $2.7/1.37 | 47.1 
5.0) 12,33] 1,65 | 6.17 | 6.54 | 4.11 | 14.70] 8.08 | 26.2 12.46 | 40.9/2.0) 58.9 
6.0) 17.23) 1.98 } 8.61 | 7.85 | 5.74 | 17.70] 4.31 | 81.4 |3.45 | 49.1/2.87 | 70.7 
7.0| 22.89) 2.31 |11. 9.16 | 7.62 | 20.6 | 5.72 | 86.6 14.57 | 57.2/3.81 | 82.4 


(Continued on next page.) 
Flow of Water in Riveted Steel Pipes.—The laps and rivets 
tend to decrease the carrying capacity of the pipe. See paper on “ New 
Formulas_for Calculating the Flow of Water in Pipes and Channels,” 
by W. E. Foss, Jour. Assoc. Hng. Soc., xiii, 295, Also Clemens Herschel’s 
book on “115 Experiments on the Carrying Capacity of Large Riveted Metal 
Conduits,” John Wiley & Sons, 1897, 
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Inside Diameter of Pipe in Inches, 
8 10 11 12 


hr} Q 


79.2) .198] 94.2 
©444/119 | .407)141 


2 07 l277 
Inside Diameter of Pipe in Inches. ‘ 


1957] 636 | .861 
1.27 | 742 11.148 


O} .108) 816 | .098 | 377 | .091 | 442] .084| 518] .079| 589] .066| S48 
0} .222) 475 | .204 | 565 | 1188 } 663 | .174 | 770 | 1163] 883) 1135] 1973 
0) .373) 633) .842 | 754 | .315 | 885 | .293 | 1026 | .273] 1178] .228] 1697 
O| .561) 792 | 513 | 942 | .474 | 1106 | .440 | 1283 | 411] 1479} 349] o701 
0, .782| 950 | .717 | 1131 | .662 | 1827 | .615 | 15389 | .574{ 1767] .479) O545 
ol 1,040 1109 | .953 | 1319 | .879 | 1548 | .817 ] 1796 | .762] 2061] 636] 2868 


Exampie.—Given 200 ft, head and 600 ft. of 11-inch pipe, carrying 119 cubic 
feet of water per minute. To find effective head: In right-hand column, 
under 11-inch pipe, fine 119 cubic ft.; opposite this will be found the loss by 
friction in 100 ft. of length for this amount of water, which is .444, Multiply 
this by the number of hundred feet of pipe, which is 6, and we have 
ge anion is the loss of head. Therefore the effective head is 200 — 2.66 
= é. ° “ 

EXPLANATION.—The loss of head by friction in pipe depends not only upon 
diameter and length, but upon the quantity of water passed through it, The 
head or pressure is what would be indicated by a pressure-gauge attached 
to the pipe near the wheel. Readings of gauge should be taken while the 
water is flowing from the nozzle. 

To reduce heads in feet to pressure in pounds multiply by .433, To reduce 
pounds pressure to feet eee by 2.309. : 

Cox’s Formula.—Weisbach’s formula for loss of head caused by the 
friction of water in pipes is as follows : 


Friction-head = (0.0114 4°02 ) LV? 
VV | 5.3674 


where Z = length of pipe in feet; 
V = velocity of the water in feet per second 
d = diameter of pipe in inches, 
William Cox (Amer. Mach., Dec. 28, 1893) gives a simpler formula which 
gives almost identical results : 
L4V2?15V—2 


A = friction-head in feet = 1200 7 eee « @ 
Hd 4V24+5V—2 


Le 4206: eo eee eee wo o 


576 HYDRAULICS, pie 


a yng 
He gives a table by means of which the value of i is at once 
obtained when V is known, and vice versa. 
4V2457~2 
VALUES oF ——— 


1200 - 


Vi 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 


es 


+00583) .00695) .00813} .00938] .01070] .01208] .01353) .01505| .01663) . 01828 
i -02555} .02753) .02958/ .03170) .08388] .03613] .03845 
-04082) 04328) .04580} .04838| .05103| .05375| 105653) .05938| 106280) .06528 
-06833/ .07145] .07463| .07788] .08120] .08458] 108803) .09155| .09513| . 09878 
. 3]. 11803] .12208| .12620| .13038] .13463| .13895 
+14883) .14778) .15230} .15688] .16153] .16625| .17108| .17588| .18080| . 18578 

708] .22253) .22805 


15| .81083) .82128) .83180) .84238] .85303| 186375] .87453] 188538] |89630 -90728 
16] .91833| .92945] 94063} .95188| .96320] .97458] |98603] .9975511.00918 iB 
17/1.03250)1 .04428/1 .05618)1 .06805|1 .08003|1 09208] 1. 10420|1.1163811. 12863 1.14095 
18 }1.15333)1 .16578/1.17830|1.19088|1.20353|1.21625]1.22903]1.24188|1.25480 i. 
19/1. 28083|1 .29395/1.30713/1.82038|1 .33370|1.34708|1.36053)1.3740511 38768 uF 
20/1 .41500/1 .42878/1 .44263|1 .45655)1.47053|1 . 48458|1.49870/1 51288) 1.52713 1.54145 
21 /1.55583/1 .57028/1 .58480/1 .59938|1.61403|1.62875|1 .64853| 1.65838) 1.67330 1.68828 


The use of the formula and table is illustrated as follows: 
Given a pipe 5 inches diameter and 1000 feet long, with 49 feet head, what 
will the discharge be? 


If the velocity V is known in feet per second, the discharge is 0.327252” 
cubic foot per minute. 


By equation 2 we have 
4V84+57—~2 Had 49 x5 as 
1200 TR eG saa 
whence, by table, V = real velocity = 8 feet per second. 
The disc arge in cubic feet per minute, if V is velocity in feet per second 
and d diameter in inches, is 0.327254? V, whence, discharge 
= 0.82725 x 25 x 8 = 65.45 cubic feet per minute, 
The velocity due the head, if there were no friction, is 8.025 4/H = 56,175 
feet per second, and the discharge at that velocity would be 
0.82725 25 x 56.175 = 460 cubic feet per minute, 


Suppose it is required to deliver this amount, 460 cubie feet, at a velocity 


of 2 feet per second, what diameter of pipe will be required and what will be 
the loss of head by friction? 


d=diameter=,/—_2 —_ 10 ag peg 4 
VA VX 0.82725 V: Ty 0.8a725 = ¥ 103 = 26.5 inches. 


Having now the diameter, the velocity, and the discharge, the friction-head 
is calculated by equation 1 and use of the table; thus, 


ZL 4V2+57 —2 1000 20 
H=; eaeuSIo00 a = 36.5 % 0-02 = sg = 0.75 foot, 


thus leaving 49 — 0.75 = say 48 feet effective head applicable to power-pro- 
ducing purposes. 
Problems of the loss of head may be solved rapidly by means of Cox's 
Pipe Computer, a mechanical device on the principle of the slide-rule, for 
© by Keuffel & Esser, New York. 
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Frictional Heads at Given Rates of Discharge in Clean 
Cast-iron Pipes for Each 1000 Feet of Length, 


(Condensed from Ellis and Howland’s Hydraulic Tables.) 


4-inch 6-inch 8-inch 10-inch | 12-inch | 14-inch 

Pipe. Pipe. Pipe. Pipe. Pipe. Pipe. 

avs a ee ; £cF| (ora PR, : slSc) -slael 
Sb: 23 | 2 (28) 2128 | oe | 23] esa] gee) g 
882/25 | 8" | 25] 85/85 | S| 25 | Saibe| BeBe) Bo 
afs|S°|33 | 8%) 53/28) sg | 88] Sy/88) ssisal oe 
pos sh les sai ea) Se | ea) ee | Eaee| Fs 2s) ES 
25 64 59 -28) 11 16 04 +10} 02} .07} .O1]....]..... 
50 1.28] 2.01 57 32) re .10 +20) 04) .14)  .02] . 01 
100 | 2.55) 7.36) 1.13] 1.08 64 29 41] .11] 28) .05} .21] .038 
150 | 3.83) 16.05] 1.70) 2.28 96) - 60) -61]  .22) 143) .10] .31] 05 
200 | 5.11) 28.09} 2.27) 3.92) 1.28] 1.01 -82) .86) .57/ 16) . -08 
250 | 6.37) 43.47) 2.84) 6.00) 1.60) 1.52] 1.02] .54! .71] 194 -12 
300 | 7.66) 62.20] 38.40) 8.52) 1.91] 2.13] 1.23) .75] .85| 39! (63 16 
850 | 8.94] 84.26] 3.97) 11.48] 2.23) 2.85] 1.43] .99] .99] .43! -73) 421 
400 | 10.21/109.68) 4.54) 14.89) 2.55) 3.68} 1.63] 1.27/1.13] .54| ¢ 227 
500 | 12.77/170.53) 5.67) 23.01] 3.19} 5.64] 2.04) 1.93/1.42] <81/1.04 240 
600 | 15.32)244.76) 6.81} 82.89} 3.83] 8.03] 2.45) 2.72/1.70] 1.14|1.25 «55 
17.87/332.36) %.94) 44.54) 4.47) 10.83] 2.86] 8.66/1.98] 1.52/1.46 73 
9.08} 57.95} 5.09) 14.05) 3.27] 4.73/2.27] 1.96]1.67| 94 
Races 10.21) 73.12) 5.74) 17.68) 8.68] 5.93/2.55| 2.45]1.88 Ait 
i (1.0008) ead Ror 11.35} 90.05} 6.38} 21.74) 4.08) 7.28/2.84! 3.00/2.0: 1.43 
DOD ib occcisisifinecie ee 13.61/129.20) 7.66] 31.10] 4.90/10.38/3.40| 4.26/2.50) 2.02 
AAOOT Dirawe's atnncses 15.88]175.38| 8.94) 42.18) 5.72|14.02/3.97| 5.74/29 2.72 
1600 |......]......| 18.15/228.62] 10.21} 54.84] 6.53/18.22/4.54| 7.4413. 35 3.51 
SOO sea ocaef ueterecas 20.42/288.90] 11.47] 69.22) %.35/22.96/5.11] 9.3613.7 4.41 
2000 |... 00]---+0-] 22.69/356.22) 12.77) 85.27) 8,17/28.25/5.67/11.50/4.17] 5.41 
2500 ].. 2.2. f-eeeeef---eee]-+ ».| 15.96/132.70] 10.21/43.87|7.09/17.82)5.21] 8.35 
3000 ee[ensece[ececee| 12.251/62.92/8,51125.5116, 1.93 
POOO is tein [ere atath alficts eyo fere ata e 7 Pee raion © wba ntOe 1.00 


20-inch | 24-inch | 30-inch | 36-inch 


Pipe. Pipe. | Pipe. Pipe. 
n . 
oes) 2] .2/22].81)28|.¢/281 48) slea 2 
Seal be | ao | ee] eo) be) ef | ee] asl. el a8 8) 28 
Sse Ss) Sg 3s| Soles) So) 25] Sass] sass) St 
aan seo | se | So| Ss] oe 88] 82| S3/84) Szga) se 
— =. a: ae =O — = =. = DI st om Ole ef] OS 
pAa SHES | Sees) Sa [ea | Pe | easica| Eslod| Es 
500 | 80] 22/63] .18 23] .01} .16 
1000 | 1.60] .76] 1.26] 144 451.04) 
500 | 2.39] 1.63] 1.89] 193 68 
3.19] 2.821 2.52] 1.60 -91 
3.99} 4,34) 8.15) 2.45) 1.13 
4.79| 6.19] 3.78] 3.48 1.36 
5.59] 8. 4.70 1.59) 
6.38 6.09 50/1. 82 
7.18 7.67 88/2.04 
7.98 9.43 2.27 
13.49 22 
3.63 
4.08 
.|4.54 
5.44 
6.36 
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Effect of Bends and Curves in Pipes.—Weisbach's rule for 


z Sid ' 
bends: Loss of head in feet = [+31 41.847 (3)'] X gg X je in which ¢ 
= internal radius of pipe in feet, R = radius of curvature of axis of pipe, v 
z poegin d a per second, and a = the central angle, or angle subtended 

y_the bend. 2 
Hamilton Smith, Jr., in his work on Hydraulics, says: The experimental 
data at hand are entirely insufficient to permit a Satisfactory anal of 
this quite complicated subject; in fact, about the only experiments of value 
are those made by Bossut and Dubuat with small pipes. 


p ) 
@ pipe leading from a reservoir, no part of its length should be above 
the hydraulic grade-line. @ 7 
Flow of Water in House-service Pi 


pes. 
ae = Kuichling, C.E., furnished the following table to the Thomson 
eter 5 


Discha or Quantity eapable of being delivered, in 
"Gabie Feet per Minute, fom the Pipe, F 


‘ain, 


nehes, 


Conat se under the conditions specified in the first column. 
ndition = 
of = 
Discharge, z Nominal Diameters of Iron or Lead Service-pipe in 
= 
=z 


ressure in 
pounds pe 


l%/%|«|4 2|a)4]e 
1.10 | 1.92 | 3.01 | 6.13 33.34) 88.16)178.85/444_63 
1.27 | 2.22 | 3.48 | 7.08 38.50!101.80 200.75|513_42 
1.42 | 2.48 | 3.89 | 7.92 43.04/113.82 224 44/7402 
1.56 | 2.71 | 4.26 | 8.67 47.15] 124.68 245. 87/628.81 
1.74 | 3.03 | 4.77 | 9.70 52.71 189.39 274.89)703.08 
2.01 | 8.50 | 5.50 |11.20 60.87/160_96 217.41/811.79 
2.29 | 8.99 | 6.28 12.77 6940/1883 .52 361.91 |925.58 
0.66 | 1.16 | 1.84 | 3.78 21.20] 58.19 118.13 317.23 
0.77 | 1.34 | 2712 | 4.36 24.59) 67.19 186.41/366.30 
0.86 | 1.50 | 2.37 | 4.88 27.50) 75.18 152.51/409.54 
0.94 | 1.65 | 2.60 | 5.34 30.12) 82.30 167.06)448.63 
1.05 | 1.84 | 2.91 | 5.97 33.68} 92_01/186.78/501.58 
1.22 | 2.13 | 3.36 | 6.90 28.89}106.24/215.68 1579.18 
1.39 | 2.42 | 3.83 | 7.86 44.34/121.14)245.91 660.36 
RPO ierapees troupe Seem oa ee ER SEE Pe EE 
0.55 | 0.96 | 1.52 | 3.11 17.55| 47.90) 97.17 260.56 
0.66 | 1.15 | 1.81 | 3.72 20.95] 57.20:116.01/311.09 
0.75 | 1.81 | 2.06 | 4.94 23.87) 65.18)132.20)/354.49 
0.83 | 1.45 | 2.29 | 4/70 26.48] 72.28'146.61 393.13 
0.94 | 1.64 | 2.59 | 5.39 29.96) 81.79/165.90444.85 
1.10 | 1.92 | 3.02 | 6.21 35.00 95.55/193.82 519.72 
1.26 | 2.20 | 3.48 | 7.14 40.23) 109.82 222.75 597.81 
Throug 0.44 | 0.77 | 1.22 | 2.50 14,11) 38.63) 78.54 211.54 
0.55 | 0.97 | 1.53'] 3.15 | 8.68] 17:79] 48.68) 98.98 266.59 
0.65 | 1.14] 1.79 | 3/69 20.82) 56.98'115.87 312.08 
0.73 | 1.28 | 2.02 | 4.15 28.47| 64.22/130.59 351.73 
0.84 | 1.47 | 2.32 | 4:77 | 13715] 96/95 73.76|149.99/403..98 
vertical 1.00 | 1.74 | 2.75 | 5.65 58) 31.93| 87.38 177.67 478.55 
1.15 | 2.02 | 3.19 | 6.55 | 18° 37.02|101 .83 206.04 554.96 


from the t to 1144 or 114 inch; or, third, if pipe on the outlet is larger than 
that on the inlet aide of the meter. The exact details of the conditions given 


expected to be because the pipe is liable to throttied at 

joi additional bends may imterpose, or may be used, or the 
pressure may be 
r i —A pipe is said to be air-bound when, in conse- 


Wertieal Jets. (Molesworth.}—H = head of water, kh = height of jet, 
d= diameter of jet, K = coefficient, varying with ratio of diameter of jet 
to head; then A = KH. 

IiH=>dxR0d Bw 1000 1500 1800 200 3500 500, 

k= 6 2 Bs) 8 7 6 & 3B 

Water Delivered through Meters. (Thomson Meter Co.)\—The 
best modern practice limits the velocity in water-pipes to 10 lineal feet per 
Second. Assume this as a basis of delivery, and we find, for the several sizes 
of pipes usually metered, the following approximate results: 
Nominal diameter of pipe in inches: 

Bg 5g 34 1 1% 2 3 4 6 
Quantity delivered, in cubic feet per minute, due to said velocity: 
0.4 13 168 383 73 Bi @W5 m4 117.9 

Prices Charged for Water in Different Cities (National 
Meter Co.): 
Average minimum price for 1000 gallons in 163 places...... .. 

oe maximum os a ae ae - “= ae = 


Discharge from Nozzles at Different Pressures. 
G. T. Fanning, Am. Water-works Ass"n, 1882, Engg News, July 14, 188.) 


= { Horizon- - i 
_oente ete jEressure | tal Pro- | Gallons gia Bea peri 
S | }“- ~ jjectionof) per r24} an Hose, 

i FARBER: FEDS, minute. fale the Se] Net 
‘Head, ft. 


i ee ES coh 


1 7 465°) 585 ag | soezccg | 30.75 | 28.77 
1 1) 53.0 67.0 30 331,00 | 13.00 31.10 
; a 7.0 | 76.6 a | ssw) 1D | 208 
I wo | wo} se 311 | 447900 | 2250 | 544 
3 7 445 | 61.3 3. 358520 { 15.50 | 35.41 
i ea) 5 | 65 1 | 22m0} 1940 | 420 
90 20 | 78.5 466,600 | 25.40 | 58.58 
i yoo | 18.0 | 989.0 avs. | (541.500 | 33.80 | 77.88 
3 7 8.0 | 6.0 soe | 440618 |- 22.75 | 52.42> 
rT 3 535 | 72.4 33 | 400] 23.40 | 6.8 
i 90 5 | 81.0 ss | mms} 5.9 | 27 
z 100 so | 2.0 460 | 682500 | 57.75 | $6.38 
70 415 | 47.0 ges | 530199} 32.50 | 74.883 
8 515 | 74.4 410 | 590500] 40.00 | 92.16 
30 65 | &6 463 | erso00 | 51.40 } 118.43 
100 so | 3.0 540 | tT 1 72.00 | 165.99 
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Friction Losses in Hose.—In the above table the volumes of 
water discharged per jet were for stated pressures at the play-pipe. 

In providing for this pressure due allowance is to be made for friction 
a in — hose, according to the streams of greatest discharge which are 
to be used. 

The loss of pressure or its equivalent loss of head (h) in the hose may be 
found by the formula h = vam). 

In this formula, as ordinarily used, for friction per 100 ft. of 214-in. hose 
there are the following constants: 244 in, diameter of hose d = .20883 ft.; 
length of hose / = 100 ft., and 2g = 64.4. The variables are: v = velocity in 
feet per second; hk = loss of head in feet per 100 ft. of hose; m = a coeffi- 
cient found by experiment ; the velocity v is found from the given dis- 
charges of the jets through the given diameter of hose, : 


Head and Pressure Losses by Friction in 100- ft. 
Lengths of Rubber-lined Smooth 2\4-in. Hose, 


Discharge | Velocity Coefficient, |Head Lost,} Pressure | Gallons per 


per minute, |per second, m™m. ft. Lost, lbs. 24 hours. 
gallons. ft. per sq. in. 

200 13.072 00450 22.89 9.93 288,000 
250 16.388 -00446 35. 15.43 360,000 
300 18.858 -00442 46.80 20.31 

347 21.677 00439 61.53 26.70 499,680 
350 22.873 00439 68.48 29.73 
400 26.144 00436 88.83 88.55 576,000 
450 29.408 00434 111.80 48.52 000 
500 82.67: 00432 137.50 59.67 720,000 
520 83,982 -00431 148.40 64.40 748,800 


These frictions are for given volumes of flow in the hose and the veloci- 
ties respectively due to those volumes, and are independent of size of 
nozzle. The changes in nozzle do not affect the friction in the hose if there 
is no change in velocity of flow, but a ioek de nozzle with ee pressure at 
the nozzle augments the discharge and ve ocity of flow, and thus materially 
increases the friction loss in the hose. 

Loss of Pressure (p) and Head (hk) in Rubber-lined 


Smooth 2i6-in, Hose may be found approximately by the formule 


ahaa CS LAD es . = Boys F 
p= W505 and h = Teoias 2 which p = pressure lost by friction, in 


pounds per square inch; J = length of hose in feet; g = gallons of water 
diseharged per minute; d = diam. of the hose in inches, 24 in.; h = friction- 
head in feet. The coefficient of d5 would be decreased for rougher hose. 
The loss of pressure and head for a 144-in. stream with power to reach a 
height of 80 ft. is, in each 100 ft. of 2l-in. hose, approximately 20 Ibs., or 45 


ft. net, or, say, including friction in the hydrant, 44 ft. loss of head for each . 


foot of hose. 

If we change the nozzles to 114 or 18g in. diameter, then for the same 80 ft. 
height of stream we increase the friction losses on the hose to approxi- 
\mately % ft. and 1 ft, head, res porte ys for each foot-length of hose. 
| These computations show the great difficulty of maintaining a high 
stream through large nozzles unless the hose is very short, especially for a. 
gravity or direct-pressure system. c 

“This single 114-in. stream requires approximately 56 Ibs. pressure, equiva- 
lent to 129 ft. head, at the play-pipe, and 45 to 50 ft. head for each 100 ft. 
length of smooth 2i-in. hose, so that for 100, 200, and 300 ft. of hose we 
Must have available heads at the hydrant or fire-engine of 179, 229, and 279 
ft., respectively. If we substitute 114-in. nozzles for same height of stream 
we must have available heads at the hydrants or engine of 193, 259, and 325 
ft., respectively, or we must increase the diameter of a portion at least of 
the long hose and save friction-loss of head. ' 

Rated Capacities of Steam Fire-ongines, which is perhaps 
ne tee greater than their ordinary rate of work at fires, are substantial 
as follows : 

Fa size, mo gals. per min., or eae gals, per 24 hours, 


det? 900... Js 1,296,000 as 
Lext., 1100" « 1,584,000 # 
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Pressures required at Nozzle and at Pump,with Quantity 
and Pressure of Water Necessary to throw Water 
Various Distances through Different=-sized Nozzles=— 
using 2\¢-inch Rubber Hose and Smooth Nozzles. 


(From Experiments of Ellis & Leshure, Fanning’s ‘‘ Water Supply.”) 


Size of Nozzles. | 1 Inch. 144 Inch. 


Pressure at nozzle, lbs. per sq. in....... 40| 60; 80} 100) 40 
* Pressure at pump or hydrant with 


60} 80 


100 ft. 244-inch rubber hose 121{ 54) 81] 108] 135 
Gallons per minute............... 245) 196] 240] 277) 310 
Horizontal distance thrown, feet....... 186) 113) 148} 175 
Vertical distance thrown, feet,.......... 79| 108] 131} 148] 81} 112) 137 


Size of Nozzles. | 114 Inch. 13g Inch. 
Pressure at nozzle, lbs, per sq. in........ 40} 60} 80] 100} 40) 60) 8&0) 100 
* Pressure at pump or hydrant with 
100 feet 214-inch rubber hose.......... 61| 92) 123] 154) 71) 107] 144) 180 
Gallons per minute... ........ 2206+ se 297] 842) 383] 293) 358) 413) 462 
Horizontal distance thrown, feet. 156} 186] 207) 124] 166] 200] 224 
Vertical distance thrown, feet........... 2} 115] 142] 1641 85| 118} 146) 169 


* For greater length of 24-inch hose the increased friction can be ob- 
tained by noting the differences between the above given ‘‘ pressure at 
nozzle” and ‘‘ pressure at pump or hydrant with 100 feet of hose.” For 
instance, if it requires at hydrant or pump eight pounds more pressure 
than it does at nozzle to overcome the friction when pumping through 100 
feet of 24-inch hose (using 1-inch nozzle, with 40-pound pressure at said 
nozzle) then it requires 16-pounds pressure to overcome the friction in 
sforcing through 200 feet of same size hose. 


| Decrease of Flow due to Increase of Length of Hose. 
(J. R. Freeman’s Experiments, Trans. A. S. C, E. 1889.)—If the static pres: 
sure is 80 lbs. and the hydrant-pipes of such size that the pressure at the hy- 
drant is 70 lbs., the hose 244 in. nominal diam., and the nozzle 114 in. diam., 
the height of effective fire-stream obtainable and the quantity in gallons per 
minute will be: 
Best Rubber- 


Linen Hose. lined Hose, 
Height, Gals. Height, Gals. 
feet. permin. feet. per min, 
With 50 ft. of 214-in. hose. %3 261 81 282 
Resp OQ BONS Seer SE 5 . 2 184 61 229 
Prec BOO EAB e 8 Se Se aciad ff 146 46 1$2 


With 500 ft. of smoothest and best rubber-lined hose, if diameter be 
exactly 24 in., effective height of stream will be 39 ft. (177 gals.); if diameter 
be J in, larger, effective height of stream will be 46 ft. (192 gals.) 


( THE SIPHON. 


The Siphon is a bent tube of unequal branches,"open at both ends, and 
is used to convey a liquid from a higher to a lower level, over an intermedi- 
ate point higher than either. Its parallel branches being in a vertical plane 
and plunged into two bodies of liquid whose upper surfaces are at different ~ 
levels, the fluid will'stand at the same level both within and without each 
branch of the tube when a vent or small opening is made at the bend. If 
the air be withdrawn from the siphon through this vent, the water will rise 
in the branches by the atmospheric pressure without, and when the two 
columns unite and the vent is closed, the liquid will flow from the upper 
reservoir as long as the end of the shorter branch of the siphon is below the 
surface of the liquid in the reservoir, _ 

If the water was free from air the height of the bend above the supply 
level might be as great as 33 feet. 


: 
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If A = area of cross-section of the tube in Square feet, H'=: the difference 
in level between the two reservoirs in feet, D the density of the liquid in 
pounds per cubic foot, then ADH measures the intensity of the force which 


of the difference of level being greater than 33 feet, however, the velocity of 
the water in the shorter leg is limited to that due to a height of 33 feet, or 
that due to the difference between the atmospheric pressure at the entrance 


Leicester Allen (4m. Mach., Nov. 2, 1893) says: The supply of liquid to a 
siphon must be greater than the flow which would take place from the dis- 
charge end of the pipe, provided the pipe were filled with the liquid, the 

upply end stopped, and the discharge end opened when the discharge end 
is left free, unregulated, and unsubmerged. 

To illustrate this principle, let us Suppose the extreme case of a siphon 
haying a calibre of 1 foot, in which the difference of level, or between the 
point of supply and discharge, is 4 inches. Let us further suppose this 
siphon to be at the sea-level, and its highest point above the level of the 
supply to be 27 feet. Also Suppose the discharge end of this siphon to be un- 
regulated, unsubmerged. It would be inoperative because the water in the 
longer leg would not be held solid by the pressure of the atmosphere against 
it, and it would therefore break up and run out faster than it could be re- 
placed at the inflow end under an effective head of only 4 inches, 

Long Siphons,—Prof. Joseph Torrey, in the Amer. Machinist, 
describes a long siphon which was a partial failure. 


Siphon on the Water-supply of Mount Vernon, N. Y, 
(Engg News, May 4, 1893.)—A 12-inch siphon, 925 feet long, with a maximum 
lift of 22.12 feet and’a 45° change in alignment, was put in use in 1892 by the 


ant Me summit the siphon crosses a Supply main, which is tapped to charge 
@ siphon, 
The air-chamber at the siphon is 12 inches by 16 feet long, A 4é-inch tap, 
and cock at the top of the chamber provide an outlet for the collected air. 
t was found that the siphon with air-chamber as dese.ibed would run 
until 125 cubie feet of air had gathered, and that this took place only half as 
soon with a 14-foot lift as with the full lift of 22.12 feet. The siphon will 
operate about 12 hours without being recharged, but more water can be 
gotten-over by charging every six hours, It can be kept running 23 hours 
out of 24 with only one man in attendance, With the siphon as described 
above it is necessary to close the valves at each end of the siphon to 
recharge it, 
It has been found by weir measurements that the discharge of the siphon 
before air accumulates at the summit is practically the same as through a 
straight pipe. ‘ 


MEASUREMENT OF KLOWING WATER, 


Piezometer.—If a vertical or oblique tube be inserted into a pipe con- 
taining water under pressure, the water will rise in the former, and the ver~ 
tical es to which it rises will be the head producing the pressure at the 


ressure measure. If the water in the piezometer falls below its proper 
evel it shows that the pressure in the main pipe has been reduced by an 


If we imagine a pipe full of water to be provided with a number of pie- 
zometers, then a line joining the tops of the columns of water in them is 
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Pitot Tube Gauge.—The Pitot tub> is used for measuring the veloc- 
ity of fluids in motion. It has been used with great success in measuring 
the flow of natural gas. (S, W. Robinson, Report Ohio Geol. Survey, 1890.) 
(See also Van Nostrand’s Mag., vol. xxxv.) It is simply a tube so bent that 
a short leg extends into the current of fluid flowing from a tube, with the 
plane of the entering orifice opposed at right angles to the direction of the 
current, The pressure caused by the impact of the current is transmitted 
through the tube to a pressure-gauge of any kind, such as a column of 
water or of mercury, or a Bourdon spring-gauge. From the pressure thus 
indicated and the known density and temperature of the flowing gas is ob- 
tained the head corresponding to the pressure, and from this the velocity, 
In a modification of the Pitot tube described by Prof. Robinson, there are 
two tubes inserted into the pipe conveying the gas, one of which has the 
plane of the orifice at right angles to the current, to receive tle static pres- 
sure plus the pressure due to impact; the other has the plana of its ovifice 
parallel to the current, so as to receive the static pressure only. These 
tubes are connected to the legs of a Utube partly filled with mereury, which 
then registers the difference in pressure in the two tubes, from which the 
velocity may be calculated. Comparative tests of Pitot tubes with gas. 
meters, for measurement of the flow of natural gas, have shown an agree- 
ment within 3%. 

The Venturi Meter, invented by Clemens Herschel, and described in 
a pamphlet issued by the Builders’ Iron Foundry of Providence, R. I., is 
named from Venturi, who first called attention, in 1796, to the relation be- 
tween the velocities and pressures of fluids when flowing through converging 
and diverging tubes. 

It consists of two parts—the tube, through which the water flows, and the 
recorder, which registers the quantity of water that passes through the 
tube, 

The tube takes the shape of two truncated cones joined in their smallest 
diameters by a short throat-piece. At the up-stream end and at the throat 
shere are pressure-chambers, at which points the pressures are taken. 

The action of the tube is based ‘on that property which causes the small 
section of a gently expanding frustum of a cone to receive, without material 
resultant loss of head, as much water at the smallest diameter as is dis- 
charged at the large end, and on that further property which causes the 
pressure of the water flowing through the throat to be less, by virtue of its 
greater velocity, than the pressure at the up-stream end of the tube, each 
pressure being at the same time a function of the velocity at that point and 
of thehydrostatic pressure which would obtain were the water motionless 
within the pipe. 

The recorder is connected with the tube by pressure-pipes which lead to 
it from the chambers surrounding the up-stream end and the throat of the 
tube, It may be placed in any convenient position within 1000 feet of the 
tube, Itis operated by a weight and clockwork, 

The difference of pressure or head at the entrance and at the throat of the 
meter is balanced in the recorder by the difference of level in two columns 
of mercury in cylindrical receivers, one within the other. The inner carries 
a float, the position of which is indicative of the quantity of water flowing 
through the tube. By its rise and fall the float varies the time of contact 
between an integrating drum and the counters by which the successive 
readings are registered. 

There is no limit to the sizes of the meters nor the quantity of water that 
may be measured. Meters with 24-inch, 36-inch, 48-inch, and even 20-foot 
tubes can be readily made. 

Measurement by Venturi Tubes, (Trans, A.S.C. E., Nov., 1887, 
and Jan,, 1888.)—Mr. Herschel recommends the use of a Venturi tube, in- 
serted in the force-main of the pumping-engine, for determining the quantity 
of water discharged. Such a tube applied to a 24-inch main has a total 
length of about 20 feet. At a distance of 4 feet from the end nearest the 
engine the inside diameter of the tube is contracted to a throat having a 
diameter of about 8 inches. _A pressure-gauge is attacked to each of twa 
chambers, the one surrounding and communicating with the entrance or 
main pipe, the other with the throat. According to experiments made upon 
two tubes of this kind, one 4 in. in diameter at the throat and 12 in, at the en- 
trance, and the other about 36 in. in diameter at the throat and 9 feet at its 
entrance, the quantity of water which passes through the tube is very nearly 
the theoretical discharge through an opening having an area equal to that 
of the throat, and a velocity which is that due to the difference in head shown 
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by the twogauges. Mr. Herschel states that the coefficient for these twa 
widely-varying sizes of tubes and for a wide range of velocity through the 
pipe, was found to be within two per cent, either way, of 98%. In other 
words, the quantity of water flowing through the tube per second is ex- 


pressed within two per cent by the formula W= 0.98 x4 V2gh, ia which 
A is the area of the throat of the tube, h the head, in feet, correspond- 
ing to the difference in the pressure of the water entering the tube and that 
found at the throat, and g = 82.16. 

Measurement of Discharge of Pumping-engines by 
Means of Nozzles. (Trans. A. S. M. E., xii. 575).—The measurement 
of water by computation from its discharge through orifices, or through the 
nozzles of fire-hose, furnishes a means of determining the quantity of water 
delivered by a pumping-engine which can be applied without much difficulty, 
John R. Freeman, Trans. A. 8. C, E., Nov., 1889, describes a series of experi- 
ments covering a wide range of pressures and sizes, and the results showed 
that the coefficient of discharge for a smooth nozzle of ordinary good form 
was within one half of one per cent, either way, of 0.977; the diameter of 
the nozzle being accurately calipered, and the pressures being determined 
by means of an accurate gauge attached to a suitable piezometer at the base 
bf the play-pipe. 

In order to use this method for determining the quantity of water dis- 
charged by a pumping-engine, it would be necessary to provide a pressure- 
box, to which the water would be conducted, and attach to the box as many 
nozzles as would be required to carry off the water. According to Mr, 
Freeman’s estimate, four 114-inch nozzles, thus connected, with a pressure 
of 80 lbs. per square inch, would discharge the full capacity of a two-and-a- 
half-million engine. He also suggests the use of a portable apparatus with 
@ single opening for discharge, consisting essentia ly of a Siamese nozzle, 
so-called, the water being carried to it by three or more lines of fire-hose. 

To insure reliability for these measurements, it is Cvs ptd that the shut- 
off valve in the force-main, or the several shut-off valves, should be tight, 
so that all the water discharged by the engine may pass through the nozzles. 


Flow through Rectangular Orifices, (Approximate, See p. 556.) 


Cusic Freer or WaTerR DiscHARGED PER MINUTE THROUGH AN ORIFICE ONE 
Inca SquaRz, UNDER ANY HEAD OF WATER FROM 8 To 72 INCHES, 
For any other orifice multiply by its area in square inches, 
Formula, Q’ = .624 Wi’"x a. Q’ = cu. ft. per min.; @ = area in sq. in, 


| 


Peo} yD 2s Polo} Felco} Pele} » 

-|Oo® -|O ©. 2/0 OD -|}0 OD -}OOD 2] OO . rf 
Sees, Siege) Sho Sie hay gob. Gerd seks 
O83) SEIS | oS ENV S| 5 Sages se afo sl Sat sie set Sia, 
MBSIVQOEe ISS APS S25 E18 Se8 e145 oS EpesloSeleslo sa 
$523 = ESS s SAlSae Beal ees Beal eas Bigal efeae) (ested oa 
hE )OR BRD E/O8 Bb e106 i564 ain soa She sl6a SS sea 8 
3 | 1.12 | 13 | 2.20 f 23 | 2.90 #33 3.47 § 43 | 8.95 § 53 | 4.39 | 63 | 4.78 
4 | 1.27 f 14 | 2.28 f 24 | 2.97 #34 8.52 9 44 | 4.00 f 54] 4.42 ft 64 4.81 
5 | 1.40 § 15 | 2.36 f 25 | 3.03 fl 35 8.57 9 45 | 4 05 f 55 | 4.46 ff 65 | 4.85 
6 | 1.52 9 16 } 2.43 9 26 | 3.08 f 36 | 3.62 | 46 | 4.09 f 56 | 4.52 | 6G 4.89 
@ | 1.64 J 17 | 2.51 f 27 | 3.14 f 37 | 8.67. 9 47 | 4.12 | 57 | 4.55 | 67 4.92 
8 | 1.75 } 18 | 2.58 J 28 | 8.20 f 38 | 3.72 f 48 | 4.18 f 58 | 4/58 9 68 4.97 
9 | 1.84 | 19 | 2.64 f 29 | 3.25 f 80 | 8.77 949 | 4.21 #50 | 4.63 9 69 5.00 
10 | 1.94 # 20 | 2.71 9 30 | 3.31 9 40 3.81 f 50 | 4.27 § 60 | 4.65 9} 70 | 5.03 
11 | 2.03 f 21 | 2.78 #31 | 3.36 9 41 3.86 9 51 | 4.80 § 61 | 4.72 9 71 5.07 
12 | 2.12 J 22 | 2.84 | 82 | 3.41 9 42 3.91 9 52 | 4.34 § 62 | 4.74 | 72 5.09 


Measurement of an Open Stream by Velocity and Cross« 
section,—Measure the depth of the water at from 6 to 12 points across 
the stream at equal distances between. Add all the depths in feet together 
and divide by the number of measurements made; this will be the average 
depth of the stream, which multiplied by its width will give its area or cross- 
section. Multiply this by the velocity of the stream in feet per minute, and 
the result will be the discharge in cubic feet per minute of the stream. 

The velocity of the stream can be found by laying off 100 feet of the bank 
and throwing a float into the middle, noting the time taken in assing over 
the 100 ft. Do this a number of times and take the average ¢ then, dividing 
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this distance by the time gives the velocity at the surface. As the top of the 

_ stream flows faster than the bottom or sides—the average velocity being 
about 83% of the surface velocity at the middle—it is convenient to measure 
a distance of 120 feet for the float and reckon it as 100, 
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Miners? Inch Measurements. (Pelton Water Wheel Co.) 
The cut, Fig. 180, shows the form of measuring-box ordinarily used, and the 
following table gives the discharge in cubic feet per minute of a miner’s inch 
of water, as measured under the various heads and different lengths and 
heights of apertures used in California, 


. Length Openings 2 Inches High. Openings 4 Inches High. 
oO 
Opening | Head to| Head to} Headto| Headto | Headto | Head to 
in Centre, | Centre, | Centre, Centre, Centre, Centre, 


inches. | 5 inches.| 6 inches.| 7 inches,| 5 inches. | G6inches. | 7 inches, 


Cu. ft. Cu. ft. Cu. ft Cu. ft. Cu, ft, Cu. ft. 
1.348 1.473 1.589 1.320 1.450 1,57 
6 1.355 1.480 1.596 1.336 1.470 1.595 
8 1.359 1. 1.600 1.344 1.481 1.608 
10 1.361 1.485 1.602 1.349 1.487 1,615 
12 1.363 1.487 1.604 1.352 1.491 6 
14 1,364 1.488 1.604 1.354 1.494 1.623 
16 1.365 1.489 1.605 1.356 1.496 1.626 
18 1.365 1°489 1.606 1.357 1.498 1.628 
20 1,365 1.490 1.606 1.359 1.499 1.630 
22 1.366 1.490 1.607 1.359 1.500 1.681 
24 1.366 1.490 1.607 1.360 1.501 1.632 
26 1.366 1.490 4.607 1.361 1.502 1.633 
28 1.367 1.491 1.607 1.361 1.503 1.634 
1.367 1.491 1.608 1.362 1.503 1.635 
40 1.367 1.492 1.608 1.363 1.505 1.637 
50 1.368 1.493 1,609 1.364 1.507 1.639 
60 1.368 1.493 1,609 1.365 1.508 1.640 
70 1.368 1.493 1.609 1.365 1.508 1.641 
80 1.368 1.493 1.609 1.366 1.509 1.641 
90 1.369 1.493 1.610 1.366 1.509 1.641 
100 1.369 1.494 1.610 1.366 1.509 2 


Norr.—The apertures from which the above measurements were obtained 
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were through material 114 inches thick, and the lower edge 2 inches above 
the bottom of the measuring-box, thus giving full contraction, 

Flow of Water Over Weirs. Weir Dam Mezsurement, 
(Pelton Water Wheel Co,)—Place a board or plank in the stream, as shown 


WINS \ 
SS : 
Fie. 131. 


in the sketch, at some point where a pond will form above. The length of 
the notch in the dam should be from two to four times its depth for small 
quantities and longer for large quantities. The edges of the notch should 

bevelled toward the intake side, as shown. The overfall below the notch 
should not be less than twice its depth. [Francis says a fall below the crest 
equal to one-half the head is sufficient, but there must be a free access of 
air under the sheet.] 

In the pond, about 6ft. above the dam, drive a stake, and then obstruct the 
water until it rises precisely to the bottom of the notch and mark the stake 
at this level. Then complete the dam so as to cause all the water to flow — 
through the notch, and, after time for the water to settle, mark the stake 
again for this new level. If »referred the stake can be driven with its top 
precisely level with the bottom of the notch and the depth of the water be 
measured with a rule after the water is flowing free, but the marks are pre- 
ferable in most cases. The stake can then be withdrawn; and the distance 


between the marks is the theoretical depth of flow corresponding to the ~ 


quantities in the table on the following page. 
Francis’s Formulz for Weirs. 


As given by As modified by 
Francis, Smith. 
Weirs with both end contractions we hy), a 
suppressed........ .. Eiwigateeaonen ca = s.sain’ a.z0(? up 7h 


Weirs with one end contraction na 
suppressed.......... .e.e0e one ip ont ae ant scot 


h 
Weirs with full contraction....... Q = 8.3300 — .2nynd 8.20(2 = x yd 


The greatest variation of the Francis formule from the values of ¢ given by 
Smith amounts to 314%, The modified Francis formule, says Smith, will give 
results sufficiently exact, when great accuracy is not required, within the 
limits of h, from .5 ft. to 2 ft., 2 being not less than 8 he 
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@ = discharge in cubic feet per second, 7 = length of weir in feet, h =effec- 
tive head in feet, measured from the level of the crest to the level of still 
er above the weir. 


f Q’ = discharge in cubic feet per minute, and I’ and h/ are taken in 
inches, the first of the above formule reduces to Ot 0.40 1/2. From this 
formula the following table is calculated. The values are sufficiently accu- 
rate for ordinary computations of water-power for weirs without end con- 
traction, that is, for a weir the full width of the channel of approach, and 
are approximate also for weirs with end contraction when J = at least 10h, 
but about 6% in excess of the truth when J = 4h. 


Weir Table. 


Givine Cunic Fret of WATER PER MINUTE THAT WILL FLOW OVER A WEIR 
ONE INCH WIDE AND FROM }é To 20% INCHES DEEP. 


For other widths multiply by the width in inches. 
gin. | in. | S%in.} Win. | Sin. | %in, | Yin. 


in. cu. ft. | cu. ft. | cu. ft. | cu. ft. | cu. ft. | cu. ft. | cu. ft. | cu. ft. 
Qo. -00 01 -0! .0: 14 19 26 «32 
1 .40 47 55 64 73 82 92 1.02 
2 1.13 1.23 1.35 1.46 1.58 1.7 1.82 95 
3 2.07 2.21 2.34 2.48 2.61 2.%6 2.90 8.05 
4 3.20 3.35 3.50 3.66 8.81 3.97 4.14 4.30 
5 4.47 4.64 4.81 4.98 5.15 5.33 5.51 5.69 
6 5.87 6.06 6.25 6.44 6.62 6.82 7.01 721 
(i 7.40 7.60 7.80 8.01 8.21 8.42 8.63 8.83 
8 9.05 9.26 9.47 9.69 9.91] 10.13] 10.35 | 10.57 
9 10.80 11.02 11.25 11.48 nara 11.94 12.17 12.41 
10 12.64 12.88 | 18.12 | 13.86} 138.60] 18.85 | 14.09 | 14.34 
il 14.59 14,84 | 15.09 | 15.384] 15.59] 15.85 | 16.11 | 16.36 
1 16.62 16.88 | 17.15 | 17.41 | 17.67} 17.94] 18.21 | 18.47 
13 18.74 19.01 | 19.29] 19.56 | 19.84} 20.11 | 20.89 | 20.67 
14 20.95 21.23 | 21.51 | 21.80] 22.08 | 22.37) 22.65 | 22.94 
15 23.23 23.52 | 23.82 24.11 24.40 | 24.70 | 25.00} 25.30 
16 25.60 25.90 | 26.20] 26.50} 26.80 | 27.11} 27.42) 27.72 
17 28.03 28.34 | 28.65] 28.97 | 29.28 | 29.59] 29.91 | 30.22 
18 30.54 30.86 | 31.18 | 31.50] 381.82] 82.15 | 382.47] 32.80 
19 33.12 33.45 33.78 34.11 34,44 84.77 85.10 | 35.44 
20 35.77 36.11 36.45 36.7 37.12 37.46 7.80 38.15 


For more accurate computations, the coefficients of flow of Hamilton 
Smith, Jr., or of Bazin should be used. In Smith's hydraulics will be found 
a ollection of results of experiments on orifices and weirs of various shapes 
made by many different authorities, together with a discussion of their 
several formule. (See also Trautwine’s Pocket Book. 

Bazin’s Experiments,.—M. Bazin (Annales des Ponts et Chaussées, 
Oct., 1888, translated by Marichal and Trautwine, Proc. Engrs. Club of Phila., 
Jan., 1890), made an extensive series of experiments with a sharp-crested 
weir without lateral contraction, the air being admitted freely behind the 
falling sheet, and found values of m varyin from 0,42 to 0,50, with varia- 
tions of the length of the weir from 1934 to 7834 in., of the height of the erest 
above the bottom of the channel from 0.79 to 2.46 ft., and of the head from 
1,97 to 23.62 in. From these experiments he deduces the following formula : 


@Q=[0.425 + o.2( sia)’ LH V29H, 


Pis the height in feet of the erest of the weir above the bottom of 
as oes of Approseht L the length of the weir, H the head, both in feet, 
and Q the discharge in cu. ft. persec. This formula, says M. rect is en- 
tirely practical where errors of 2% to 3% are admissible. The following 
table is condensed from M. Bazin’s paper : : 
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Vators or THE CoEFFICIENT m IN THE Formota Q = mL, 29H, FOR & 
SHARP-CRESTED WEIR WITHOUT LATERAL CONTRACTION ; THE AIR BEING 
ADMITTED FREELY BEHIND THE Fatuine SHEET. 


Height of Crest of Welr Above Bed of Channel, 


Feet ...0.66 1.31] 1.64) 1 8.28) 4.92) 6.56) @ 
Inches 7.87 15.75} 19.69] 23.62 89.88 59.07/78.76] @ 
Ft. | In. m mi mimomts|m mi mti{|m mm 
164] 1.9) 0.458 0.453) 0.451/0.450}0.449/0 0.449) 0.448|0.448] 0.4481 
+230] 2.7 0.455 0.448) 0.445] 0. 448] 0.442/0 0.440) 0.44010, 439) 0.4391 
+295] 3.54!) 0.457 0.447/ 0.442! 0.440/0.438)0. 0.436) 0.485]0. 434] 0.4840 
+894! 4.72) 0.462 0.448] 0,442] 0.438] 0.436|0.433 0.432) 0.480]0.430) 0.4291 
+525] 6.80) 0.471 0.453) 0.444] 0.438] 0.435/0.431 0.429) 0.427/0.426| 0.4246 
-656] 7.87] 0. 0.459} 0,447|0:440] 0.486/0.431 0.428) 0.425]0.423] 0.4215 
-787) 9.45) 0.488 0.465) 0.452] 0.444] 0.438/0. 432 0.428) 0424/0, 422/ 0.4194 
-919/11.02) 0.496 0.472| 0.457(0.448]0.44110.433 0.429) 0.424]0.422/ 0.4181 
¥,050|12:601 so ccccse: cece 0.478) 0.462]0.452] 0.444\0. 436 0.480) 0,424/0.421/ 0.4168 
1.181/14.17]... 0.488) 0.467/0.456) 0.448/0.438|0 482) 0.42410.421| 0.4156 
1.812)15. 75} 0.489) 0.47210.459]0.451/0.440 0.483) 0.424/0,.421/ 0.4144 
1.444/17, oe 0.494) 0.476/0.463] 0.454/0.442) 0.435) 0.425/0.421] 0.4134 
1.575/18.90}.., +|0.480]0. 467] 0.457/0.44410.486 0.425/0.421/0.4122 . 
1.706/20.47|... +]0.483/0 470) 0.4600. 446 0.438) 0.426/0.421/ 0.4112 
1.837/22.05]... +|0.487/0.478] 0.463/0.448| 0.439 0.427/0.421/ 0.4101 
1.969/23.62 «{0.490 0.476' 0.466 0.451|0.441/| 0,427) 0-421) 0.4092 
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Power of a Fall of Water—Efficiency.—The gross power of 
@ fall of water is the product of the weight of water discharged in a unit of 
time into the total head, i.e., the difference off vertical elevation of the 


difference in height from the surface of the water in the wheel-pit to the 
surface in the pen-stock when the wheel is running, 

If Q = cubic feet of water dischar; ed per second, D = weight of a cubio 
foot of water = 62.36 Ibs. at 60° F., H = total head in feet; then 


DQH = gross power in foot-pounds per second, 
and DQH + 550 =.1134 QH = gross horse-power. 


If Q’is taken in cubic feet per minute, H, P. = ox 86 = .001899'H. 
’ 


A water-wheel or motor of any kind cannot utilize the whole of the head 
H, since there are losses of head at both the entrance to and the exit from 
the wheel, There are also losses of energy due to friction of the water in 
its passage through the wheel. The ratio of the power developed by the 
wheel to the gross power of the fall is the efficiency of the wheel. For 75% 
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Ne head of water van be made use of in one or other o? tne rollowing ways 
viz. : ‘ 


Ist. By its weight, as in the water-balance and overshot-wheel. 

2d. By its pressure, as in turbines and in the hydraulic engine, hydraulie 
press, crane, etc, 

8d. By its impulse, as in the undershot-wheel, and in the Pelton wheel. 

4th. By a combination of the above. 

Horse-power of a oe Stream.—The gross horse-power 
is, H. P. = QH  X 62.86 + 550 = .1134QH, in which Q is the discharge in cubie 
feet per second actually impinging on the float or ucket, and # = theoret- 


’ ical head due to the velocity of the stream = S pats at » in which v is the 


] : 
velocity in feet second. If be taken in cubic feet per minute, 
HP eo ovis as Me fa oh 

Thus, if the"floats of an undershot-wheel driven by acurrent alone be 5 
feet x 1 foot, and the velocity of stream = 210 ft. per minute, or 344 ft, per 
sec., of which the theoretical head is .19 ft., Q =5 sq. ft. X 210 = 1060 cu. ft, 
per minute; H = .19ft.; H.P. = 1050 x .19 <.00189 = .877 H.P. 

The wheels would realize only about .4 of this power, on account of friction 
and slip, or .151 H.P., or about .08 H.P. per square foot of float, which is 
equivalent to 83 sq. ft. of float per H. P. 

Current Motors.—A cu:rent motor could only utilize the whole power 
of a running stream if it could take all the velocity out of the water, so that 
it would leave the floats or buckets with no velocity at all; or in other words, 
it would peauire the backing up of the whole volume of the stream until the 
actual head was equivalent to the theoretical head due to the velocity of the 
Stream. As but a small fraction of the velocity of the stream ean be taken 
up by a current motor, its efficiency is very small. Current motors may be 
used to obtain small amounts of power from large streams, but for large 
powers they are not practicable, 

Horse-power of Water Flowing in a Dube.—The head due to 


the velocity is as : the head due to the pressure is a the head due to actual 
height above the datum plane fs h feet. The total head is the sum of these = 
ae +h+ > in feet, in which v = velocity in feet per second, f = pressure 
in Ibs. per sq. ft., w = weight of 1 cu. ft. of water = 62.86 lbs. Ifp = pres- 
sure in Ibs, per sq. in., he: 2.8099, In hydraulic transmission the velocity 


and the height above datum are usually small compared with the pressure- 
head. The work or energy of a given quantity of water under pressure = 
its volume in cubic feet x its pressure in lbs. per sq, ft.3 or if Q = quantity 
in cubic feet per seqont and p = pressure in lbs. per square inch, W= 
144pQ, and the H.P. = sae = 2618pQ. 

Maximum Efficiency of a Long Conduit.—A. L. Adams and 
R.C.Cemmell (Hng’g News, May 4, 1893), show by mathematical analysis that 
the conditions for securing the maximum amount of power through a long 
couduit of fixed diameter, without regard to the economy of water, is that 
the draught from the pipe should be such that the frictional loss in the pipe 
will be equal to one third of the entire static head. 

MEille-Power.—A “mill-power” is a unit used to rate a water-power for 
the purpose of renting it, ‘The value of the unit is different in different 
localities. The following are examples (from Emerson): 

Holyoke, Mass.—Each mill-power at the respective falls fs declared to be 
the right during 16 hours in a day to draw 88 cu. ft. of water per second at 
the upper fall when the head there is 20 feet, or a quantity proportionate to 
the height at the falls. This is equal to 86.2 horse-power asa maximum. _ 

Lowell, Mass.—The right to draw during 15 hours in the day so much water 
as shall give a power equal to 25 cu.ft, a second at the great fall, when the 
fall there is 30 feet. Equal to 85 H. P. maximum, 

Lawrence, Mass.—The right to draw during 16 hours in a day so much 
water as shall give a power equal to 30 cu. ft. per second when the head is 
25 feet. Equal to 85 H.P. maximum. 

Minneapolis, Minn.—80 cu, ft. of water per second with head of 22 feet, 
Equal to 74.8 H.P. ans 

‘anchester, N, H,—Divide 725 by the number of feet of fall minus 1, and 
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the quotient will be the number of cubic feet per second In that fall. For 20 
feet fall this equals 38.1 cu. ft., equal to 86.4 H. P. maximum. 

Cohoes, N, Y.—* Mill-power ”” equivalent to the b paren given by 6 cu. ft. 
per second, when the fall is 20 feet. Equalto 13.6H. P., maximum, 

Passaic, N. J.—Mill-power: The right to draw 814 cu. ft. of water per sec., 
fall of 22 feet, equal to 21.2 horse-power. Maximum rental $700 per year for 
each mill-power = $33.00 per H. P. 

The horse-power maximum above given fs that due theoretically to the 
weight of water and the peignt of the fall, assuming the water-wheel to 
have perfect efficiency. It should be multiplied by the efficiency of the 
wheel. say 75% for good turbines, to obtain the H. P. delivered by the wheel. 

Value of a Water-power.—In estimating the value of a water- 
power, especially where such value is used as testimony for a plaintiff whose 
water-power has been diminished or confiscated, it is a common custom for 
the person making such estimate to say that the value is represented by a 
sum of money which, when put at interest, would maintain a steam-plant 
of the same power in the same place. 

Mr. Charles T, Main (Trans. A. §. M. E. xiii, 140) points out that this sys- 
tem of estimating is erroneous; that the value of a power depends upon a 
great number of conditions, such as location, quantity of water, fall or head, 
uniformity of flow, conditions which fix the expense of dams, canals, founda 
tions of buildings, freight charges for fuel, raw materials and finished prod. 
act, etc. He gives an estimate of relative cost of steam and water-power 
for a 500 H. P. plant from which the following is condensed: 

The amount of heat required per H. P, varies with different kinds of busi- 
ness, but in an average plain cotton-mill, the steam required for heating and 
slashing is equivalent to about 25¢ of steam exhausted from the igh- 
pressure cylinder of a compound engine of the power required to run that 
mill, the steam to be taken from the receiver. 

The coal consumption per H. P. per hour fora compound engine is taken 
at 134 lbs, per hour, when no steam is taken from the receiver for heating 
Leas get me gross consumption when 25% is taken from the receiver is 
about 2. Se 


75% of the steam is used as in a compound engine at 1.75 Ibs. = 1.31 lbs. 
3% be bod “high-pressure $.00lbs.= .75 


2.06 oo 
The running expenses per H. P. per year are as follows ¢ 
2.06 lbs. coal per hour = 21.115 lbs. for 1014 hours or one day = 6503.42 


Ibs. for 308 days, which, at $3.00 per long ton = $8 71 
Attendance of boilers, one man @ 2,00, and one man @ $1.25 = 2 00 
a “engine, ** ¢ * $3.50, 216 

Oil, waste, and supplies. 80 


The cost of such a steam-plant in New England and vicinity of 500 
H. P.is about $65 per H. P, Tala. the fixed expenses as 4% on 
engine, 5% on boilers, and 2% on other portions, repairs at 2%, in- 
terest at 5%, taxes at 116% on 34 cost, an insurance at 4¢on exposed 
portion, the total average per cent is about 12}4%, or $65 X .124= 8 13 


Gross cost of power and low-pressure steam per H. P, $21 80 


Comparing this with water-power, Mr. Main says: ‘At Lawrence the cost 
of dam and canals was about $650,000, or $65 per H. P. The cost per H. P. 
of wheel-plant from canal to river is about $45 per H, P, of plant, or about 
$65 per H. P. used, the additional $20 being caused by making the plant 
large enough to compensate for fluctuation of power due to rise and fall of 
river. The total cost per H. P. of developed plant is then about $130 per H. P. 
Placing the depreciation on the whole plant at 2%, repairs at 1%, interest at 
5%, taxes and insurance at 1%, or a total of 9%, gives: 


Fixed expenses per H. P. $180 x .09 = $11 70 
unning Sec: (Estimated) 200 
$13 70 


“To this has to be added the amount of steam uired for heating pur. 
poses, said to be about 25% of the total amount used, but in winter months 
the consumption is at least 8714%, It is therefore necessary to have a boiler 
plant of about 37162 of the size of the one considered with the steam-plant, 
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, 


costing about $20 x .875 = $7.50 per H.P. of total power used. The ex- 
pense of running this boiler-plant is, per H. P, of the the total plant per year? 


Fixed expenses 12142 on $7.50, 0.94 
Coal.. y $ . re 
Labor. 20. ccccsiecscoes 1.23 


Totalicecys ces de c:cavn susveusdsvecenssens: mencecieasan S000 


Making a total cost per year for water-powerjwith the auxiliary boiler plant 

$13.70 + $5.43 = $19.18 which deducted from $21.80 make a difference in 

_ favor of water-power of $2.67, or for 10,000 H. P.a saving of $26,700 per 
year. 

“Tt is fair to say,”” says Mr, Main,‘ that the value of this constant power is 
@ sum of money which when put at interest will produce the saving ; or if 6% 
is a fair interest to receive on money thus invested the value would be 
$26.700 +- .06 = $445,000.°* 

Mr. Main makes the following general statements as to the value ofa 
water-power $ ‘* The value of an undeveloped variable power is usually noth- 
ing if its variation is great, unless it is to be supplemented by a steam-plant. 
It is of value then only when the cost per horse-power for the double-plant 
is less than the cost of steam-power under the same conditions as mentioned 
for a permanent power, and its valuecan be represented in the same man- 
ner as the value of a permanent power has been represented. 

“The value of a developed power is as follows: If the power can be run 
cheaper than steam, the value is that of the power, plus the cost of plant, 
less depreciation. If it cannot be rvn as cheaply as steam, considering its 
cost, etc., the value of the power itself is nothing, but the value of the plant 
is such as could be paid for it new, which would bring the total cost of run- 
ning down to the cost of steam-power, less depreciation.” 

Mr, Samuel Webber, Tron Age, Feb. and March, 1893, writes a series of 
articles showing the development of American turbine wheels, and inci- 
dentally criticises the statements of Mr. Main and others who have made 
comparisons of costs of steam and of water-power unfavorable to the latter. 
Hesays : ‘* They have based their calculations on the cost of steam, on large 
companut engines of 1000 or more H. P. and 120 pounds pressure of steam 
in their boilers, and by careful 10-hour trials succeeded in figuring down 
steam toa costof about $20 per H. P., ignoring the well-known fact that its 
average cost in practical use, except near the coal mines, is from $40 to $50. 
In many instances dams, canals, and modern turbines can be all completed 
for a cost of $100 per H. P.; and the interest on that, and the cost of attend- 
ance and oil, will bring water-power up to but about $10 or $12 per annum; 
and with a man competent to attend the dynamo in attendance, it can 
probably be safely estimated at not over $15 per H. P.” 
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Proportions of Turbines.—Prof. De Volson Wood discusses at 
length the theory of turbines in his paper on Hydraulic Reaction Motors, 
Trans. A. S. M. E. xiv. 266. His principal deductions which have an imme- 
diate bearing upon practice are condensed in the following : 


Notation. ; i 
Q = volume of water passing through the wheel per second, 
h, = head in the supply chamber above the entrance to the bucksts, 
hg = head in the tail-race above the exit from the buckets, 
2, = fall in passing through the buckets, 
H=h,+ 2; — hg, the effective head 
“#, = coefficient of resistance along the guides, 
#9 = coefficient of resistance along the buckets, 
7, = radius of the initial rim, 
Yq = radius of the terminal rim, 
= velocity of the water issuing from supply chamber, aS 
v, = initial velocity of the water in the bucket in reference to the bucket, 
U2 = terminal velocity in the bucket, 
@ = angular velocity of the wheel, 
a = terminal angle between the guide and initial rim = CAB, Fig. 132, 
¥1 = angle between the initial element of bucket and initial rim = EAD, 
= GFT, the angle between the terminal rim and terminal element of 
the bucket. 
a =eb, Fig. 183 = the are subtending one gate opening, 


592 WATER-POWER, 


@, = the arc subtending one bucket at entrance. (In practiced, is larger 
than a, 
a rn. the are subtending one bucket at exit, 
= of, normal section of passage, it being assumed that the passages 
and buckets are very narrow, 
k, = bd, initial normal section of bucket, 
kg = gi, terminal normal section, 
er, = velocity of initial rim, 
@1g = velocity of terminal rim, 
i= HFT, angle between the terminal rim and actual direction of the 
wate = dent f K, f d f Ky, th 
= Cepth of K. y, of a, and yg of Ky, then 
K= Yasina; Ki = Ys 4, sin y,3 Ky = yoag sin Ya0 


Ors 


‘ 


H 


Fra. 182, _ Fie. 183, 


/ 

Three simple systems are recognized, rj < rg,)called outward flow; 1, > 19, 

called inward flow; 7, = 1, called parallel flow. The first and second may 
be combined with the thir making a mixed system, 

Value of Ya (the quitting angle).—The efficiency is increased aS Yq de- 

creases, and is greatest for Ye =0. Hence, theoretically, the terminal ele- 

_ ment of the bucket should be tangent to the quitting rim for best efficiency, 

|'This, however, for the discharge of a finite uantity of water, would 

Fequire an infinite nape of bucket. In practice, therefore, this angle must 

he larger the diameter of the terminal rim the smaller 


discharged. In practice y, is from 10° to 20°, 
In a wheel in which all the elements except Yo are fixed, the velocity of 


the wheel for best effect must increase as the quitting angle of the bucket 
decreases. 


Values of a + Y; must be less than 180°, but the best relation cannot be 
determined by anal 


angle a for this reason should be as small as racticable, 

In practice, a cannot be zero, and is made from 20° to 80°, 

The value 7, = 1.479 makes the width of the crown for internal flow about 
the same as for r, =1q V6 for outward flow, being approximately 0.3 of the 
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regularity of the curved parts, and also upon the speed it fs run. These 
values cannot be definitely Pee beforehand, but Weisbach gives for 
00d conditions uw, = 4 = 0.05 to 0.10. 

They are not necessarily equal, and #, May be from 0.05 to 0.075, and pt, 
from 0.06 to 0.10 or even larger, 

Values of y, must be less than 180° — a, f 

To be on the safe side, y, may be 20 or 80 degrees less than 180°—2a, giving 


¥1 = 180° — 2a — 25 (say) = 155 — 2a. 


still others less, than that amount. Weisbach Suggests ‘that it be less, so 


that the bucket will be shorter and friction less. This reasoning appears to 
be correct for the inflow wheel, but not for the outflow wheel. In the Tre- 
mont turbines, described in the Lowell Hydraulie Experiments, this angle 
is 90°, the angle a 20°, and Y2 10°, which proportions insured a positive 
pressure in the wheel. Fourneyron made 1 = 90°, and a from 30° to 33°, 
which values made the initial pressure in the wheel hear zero. 

Form of Bucket.—The form of the bucket cannot be determined analytic. 
ally. From the initial and terminal directions and the volume of the water 
flowing through the wheel, the area of the normal sections may be found. 

The normal section of the buckets will be : 


Then if a = 30°, y, = 95°. Some designers make ¥2 90°; others more, and 
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The depths of those sections will bes 


V2 3 Ys 


2-3 = —-—*__ = -——, .. 
asina a, sin y, aq sin 9°. 

The changes of curvature and section must be gradual, and the general 
form regular, so that eddies and whirls shall not be formed. For the same 
reason the wheel must be run with the correct cay. to secure the best 
effect. In practice the buckets are made of two or three ares of circles, 
ly tangential. 

The Value of w.—So far as analysis indicates, the wheel may run at any 
speed; but in order that the stream shall flow smoothly from the supply 
Chamber into the bucket, the velocity V should be properly regulated. 

Tf y= hg = 0.10, rg 7, = 1.40, a= 25°, ¥1 = 90°, yo = 12°, the velocity of 
the inztiat rum for outward flow will be for maximum efficiency 0.614 of the 
velocity due to the head, or wr, = 0.614 4/29H. 


The velocity due to the head would be 4/2gH = 1.414 VoH. 

For an inflow wheel for the case in which 11? = 2797, and the other dimen 
sions as given above, wr, = 0:682 4/2gH. 

The highest efficiency of the Tremont turbine, found experimentally, was 
0.79375, and the corresponding velocity, 0.62645 of that due to the head, and 
for all velocities above and below this value the efficiency was less. 

In the Tremont wheel a = 20° instead of 25°, and yg = 10° instead of 12°, 
These would make the theoretical efficiency and velocity of the wheel some. 
what. greater. Experiment showed that the velocity might be considerably 
larger or smaller than this amount without much diminution of the efficiency. 

It was found that if the velocity of the initial (or interior) rim was not less 
than 44% nor more than 75% of that due to the fall, the efficiency was 75¢ or 
more, This wheel was allowed to run freely without any brake except its 
own friction, and the velocity of the initial rim was observed to be 


1,385 4/29H, half of which is 0.6675 4/2gH, which is not far from the velocity 
giving maximum effect; that is to say,when the gate is fully raised the coeffi- 
cient of effect is amaximum when the wheel is moving with about half its 
maximum velocity. 

Number of Buckets.—Successful wheels have been made in which the dis- 
tance between the buckets was as small as 0.75 of an inch, and others as 
much as 2.75 inches. Turbines at the Centennial Exposition had buckets 
from 41 inches to 9 inches from centre to centre. If too large they will not 
work properly. Neither should they be too deep. Horizontal partitions 
are sometimes introduced, These secure more efficient working in case the 
gates are only partly opened. The form and number of buckets for come: 
mercial purposes are chiefly the result of experience, 
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Ratio of Radit.—Theory does not limit the dimensions of the wheel, In 
practice, 


for outward flow, 19 + 7's is from 1.25 to 1.503 
for inward flow, rg+-7, is from 0.66 to 0.80, 


It appears that the inflow-wheel has a higher efficlency than the outward- 
flow wheel. The inflow-wheel also runs somewhat slower for best effect. 
The centrifugal force in the outward-flow wheel tends to force the water 
outward faster than it would otherwise flow ; while in the inward-flow wheel 
it has the contrary effect, acting as it does in opposition to the velocity in 
the buckets. 

It also appears that the efficiency of the outward-flow wheel increases 
slightly as the width of the crown is less and the velocity for maximum 
efficiency is slower ; while for the inflow-wheel the efficiency slightly in- 
creases Rorinerdaced width of crown, and the velocity of the outer rim at the 
same time also increases. 

iency.—The exact value of the efficiency for a particular wheel must 
be found by experiment. 

It seems hardly possible for the effective efficiency to equal, much less 
exceed, 86%, and all claims of 90 or more per cent for these motors should be 
discarded as improbable. A turbine yielding from 75% to 80¢ is extremely 
good. Experiments with higher efficiencies have been reported. 

The celebrated Tremont turbine gave 7914% without the “ diffuser,” which 
might have added some 24. A Jonval turbine (parallel flow) was reported 
as yielding 0,75 to 0.90, but Morin suggested corrections reducing it to 0.63 to 
0.71. Weisbach gives the results of many experiments, in which the effi- 
ciency ranged from 50¢ to 84%. Numerous experiments give H = 0.60 to 0.65, 
The efficiency, considering only the ener: imparted to the wheel, will exe 
ceed by several per cent the efficiency of the wheel, for the latter will in- 
clude the friction of the support and leakage at the joint between the sluice 
and wheel, which are not included in the former $ also as a plant the resist- 
ances and losses in the supply-chamber are to be still further deducted. 

The Crowns.—The crowns may be plane annular disks, or conical, or 
curved. If the partitions forming the buckets be so thin that they may be 
discarded, the law of radial flow will be determined bv the form of the 
crowns. If the crowns be plane, the radial flow (or radial component) will 
diminish, for the outward flow-wheel, as the distance from the axis increases 
=the buckets being full—for the angular space will be greater, 

Prof. Wood deduces from the formule in his paper the tables on page 595, 

It appears from’‘these tables: 1. That the terminal angle, a, has frequently 
been made too large in practice for the best efficiency. 

2. That the terminal angle, a, of the guide should be for the inflow less 
than 10° for the wheels here considered, but when the initial angle of the 
bucket is 90°, and the terminal angle of the guide is 5° 28’, the gain of effi- 
ciency is not 2% greater than when the latter is 25°, 

8, That the initial angle of the bucket should exceed 90° for best effect for 
outflow-wheels. 

4. That with the initial angle between 60° and 120° for best effect on inflow 
wheels the efficiency varies searcely 12%, 

5. In the outflow-wheel, column (9) shows that for the outflow for best 
effect the direction of the quitting water in reference to the earth should be 
nearly radial (from %6° to 97°), but for the inflow wheel the water is thrown 
forward in ay as, This shows that the velocity of the rim should some- 
what exceed the relative final velocity backward in the bucket, as shown in 
columns (4) and (5), 


that velocity if the water issued freely. There is only one case, column (5), 
where the coefficient exceeds unity, and the excess is so small it may be dis- 
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Tests of Turbines.—Emerson says that in testing turbines it isa rare 
thing to fiad two of the same size which can be made to do their best at the 
same speed. The best speed of one of the leading wheels is invariably wide 
from the tabled rate. It was found that a 64-in, Leffel wheel under 12 ft. 
head gave much better results at 78 revolutions per minute than at 90. 

Overshot wheels have been known to give 75% efficiency, but the average 
performance is not over 60%. ‘ 

A fair average for a good turbine wheel may be taken at 75%. In tests of 18 
wheels made at the Philadelphia Water-works in 1859 and 1860, one wheel 
gave less than 50% efficiency, two between 50% and 60%, six between 60% and 
70%, seven between 714 and Tig, two 82%, and one 87.77%. (Emerson.) 

Tests of Turbine Wheels at the Centennial Exhibition, 
1876. (From a paper by R. H. Thurston on The Systematic Testing of 
Turbine Wheels in the United States, Trans. A. S. M. E., viii. 359.)\—In 187@ 
the judges at the International Exhibition conducted a series of trials of 
turbines, Many of the wheels offered for tests were found to be more or 
less defective in fitting and workmanship. The following is a statement of 
the results of all turbines entered which gave an efficiency of over 752. 
Seven other wheels were tested, giving results between 65% and 752. 
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The limits of error of the tests, says Prof. Thurston, were very uncertain; 
they are undoubtedly considerable as compared with the later work done in 
the permanent flume at Holyoke—possibly as much as 4% or 5%. 

Experiments with “draught-vubes,” or “ suction-tubes,” which were 
actually “ diffusers’ in their effect, so far as Prof. Thurston has analyzed 
them, indicate the loss by friction which should be anticipated in such 
cases, this loss decreasing as the tube increased in size, and increasing ag 
its diameter approached that of the wheel—the minimum diameter tried. 
It was sometimes found very difficult to free the tube from air completely, 
and next to impossible, during the interval, to control the speed with the 
brake. Several trials were often necessary before the power due to the full 
head could be obtained. The loss of power by gearing and by belting was 
variable with the proportions and arrangement of the gears and pulleys, 
length of belt, ete., but averaged not far from 30% for a Single pair of bevel- 
gears, uncut and dry, but smooth for such gearing, and but 10% for the same 
gears, well lubricated, after they had been a short time in operation. The 
amount of power transmitted was, however, small, and these figures are 
Probably much higher than those representing ordinary practice. Intro- 
ducing a second pair—spur-gears—the best figures were but little changed, 
although the difference between the case in which the larger gear was the 
driver, and the case in which the small wheel was the driver, was perceiv- 
able, and was in favor of the former arrangement. A single straight belt 
gave a loss of but 2% or 3%, @ crossed belt 6% to 8%, when transmitting 14 
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horse-power with maximum tightness and transmitting power. A ‘‘ quarter 
turn”’ wasted about 10% as a maximum, and a ‘‘ quarter twist”? about 59. 

Dimensions of Turbines,.—for dimensions, power, etc., of stand- 
ard makes of turbines consult the catalogues of different manufacturers, 
The wheels of different makers vary greatly in their proportions for any 
given capacity. 

The Pelton Water-wheel.—Mr. Ross E. Browne ( Eng’g News, Feb. 
20, 1892) thus owvdlines the principles upon which this water-wheel is 
constructed ; 5 

The function of a water-wheel, operated by a jet of water escaping from 
a nozzle, is to convert the energy of the jet, due to its velocity, into useful 
work In order to utilize this energy fully the wheel-bueket, after catching 
the jet, must bring it to rest before discharging it, without inducing turbu- 
lence or agitation of the particles. 

This cannot be fully effected, and unavoidable difficulties necessitate the 
loss of a portion of the energy. The principal losses occur as follows: 
First, in sharp or angular diversion of the jet in entering, or in its course 
through the bucket, causing impact, or the conversion of a portion of the 
energy into heat instead of useful work. Second, in the so-called frictional 


' resistance offered to the motion of the water by the wetted surfaces of the 


buckets, causing also the conversion of a portion of the energy into heat 
instead of useful work, Third, in the velocity of the water, as it leaves the 
bucket, representing energy which has not been converted into work. 

Hence, in seeking a high efficiency: 1. The bucket-surface at the entrance 
should be approximately parallel to the relative course of the jet, and 
the bucket should be curved in such 
amanner as to avoid sharp angular de- 
flection of the stream. If, for example, 
@ jet strikes a surface at an angle and 
is sharply deflected, a portion of the 
water is backed, the smoothness of the 
stream is disturbed, and there results 
considerable loss by impact and other- 
wise. The entrance and deflection in 
the Pelton bucket are such as to avoid Fie. 184, Fia. 135, 
these losses in the main. (See Fig. 136.) 

2. The number of buckets should be small, and the path of the jetin the - 
bucket short; in other words, the total wetted surface should be small, as * 
the loss by friction will be proportional to this. 

3. The discharge end of the bucket should be as nearly tangential to the 
wheel periphery as compatible with the clearance of the bucket which 
follows; and great differences of velocity in the parts of the escaping water 
should be avoided. In order to bring the water to rest at the discharge end 
of the bucket, it is shown, mathematically, that the velocity of the bucket 
should be one half the velocity of the jet. z 

A bucket, such as shown in Fig. 185, will cause the heaping of more or less 
dead or turbulent water at the point indicated by dark 
shading. This dead water is subsequently thrown from 
the wheel with considerable velocity, and represents a 
large loss of energy. The introduction of the wedge in 
the Pelton bucket (see Fig. 134) is an efficient means of 
avoidirg this loss, 

A wheel of the form of the Pelton conforms closely in 
construction to each of these requirements. 

In ate.v made by the proprietors of the Idaho mine, 

Fia. 136, near Grass Valley, Cal., the dimensions and results were 

? iy as foll vs: Main supply-pipe, 22 in. diameter, 6900 ft. 

long, with a head of 88614 feet above centre of nozzle. The loss by friction 
in the pipe was 1.8 ft., reducing the effective head to 384.7rt. The Pelton 
wheel used in the test was 6 ft. in diameter and the nozzle was 1.89 in, 
diameter. The work done was measured by a Prony brake, and the mean 
of 13 tests showed a useful effect of 87.32. - 

The Pelton wheel is also used as a motor for small powers. A test by 
M. E. Cooley of a 12-inch wheel,with a 3g-inch nozzle, under 10v Ibs. pressure, 
gave 1.9 horse-power. The theoretical discharge was .0935 cubic feet per 
second, and the theoretical horse-power 2.45; the efficiency being 80 per 
cent, Two other styles of water-motor tested at the same time each gave 
efficiencies of 55 per cent. 
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Pelton Water-wheel Tables, (Abridged.) 4 
The smaller figures under those denoting the various heads give the 
spouting velocity of the water in feet per minute. ‘The cubic-feet measure- 
ment is also based on the flow per minute. 


Head] Sizeof | 6 | 12 1%] 2}]s])4{ 5 6 
in ft. Wheels, in.| in. | in. | in. in. ft. ft. ft. ft. 
No.1) No. 2}No.3| No.4 | No.5 

20 |Horse-power.} .05| .12 -66} 1.50) 2.64) 4.18] 6.00 
Cubie feet. ...|1.67| 8.91| 6.62] 11.72] 20-83] 46.93] 83.32] 10°36) 187-72 
2151.97; Revolutions..} 684) 342 171 114 85 70 57 
30 |Horse-power.| .10| .23 .69] 1.22] 2.76| 4.88) 7.691 11.04 
Cubic feet. ...|2°05| 4779 14.36| 25.51] 57.44/102/04| 159.66] 299.76 
2635.62|Revolutions..| 837| 418 279| 200/139) 104) = ga} 69 
40 |Horse-power.| .15| 35 1.06] 1.89] 4.24! 7.58! 11.85! 16.96 
Cubic feet,...|2°37| 5153 16.59] 29.46] 66.36|107.84| 184736) 265.44 
8043.39/Revolutions..} 969] 484 8323; 242} +161) +121 6 80 


50 |Horse-power,| .2i] .49| .84] _1.49| 2.65| 6.981 10.601 10.03] ba.98 
Cubic feet. ...|2.64] 6.18|10.47| 18.54] 82.93] 74.17]181.72| 206-18] 208. 70 
8402.61/Revolutions..|1083| 641/ 861| 361/270; iso| i35|  igsl "0 


60 |Horse-power.| .28| .65| 1.10| 1.96] 8.48| 7.84 13.94| 21.77 a1.36 
Cubic feet....|2.90] 6.77|11.47] 20.31] 86.08] 81.25/144.32| 295.80 aes co 
8727, 37|Revolutions..|1185| 592| 895] 895] 296] i97] i481 i18| 98 
70 |Horse-power.| .85| _.82| 1.80] 2.47| 4.89) 0.88 a7.d81 a7.1 30.52 
Cubic feet. .../3.13] 7.31|12.39| 21.94] 38-97| 87.76/155.88| 24380] 81 -o4 
4026.00|Revolutions..|1981| 640 427] 320] 218|  i60| 130/106 
80 |Horse-power.| .48| 1.00] 1.70} 3.01| 5.86) 12.03| 21.44| 93.54 48.46 
Cubic feet....|3.35] 7:82]18'25] 23.46] 41.66] 93.84|166.64| 260.73 S75 a8 
4303.99|Revolutions,.|1868} 684| 456] 456} 342] 298) iri] daz] din 


90 |Horse-power.| . Y 
Cubic feet. ...|8.55] 8.29]14.05! 
4565.04/Revolutions. ./1452] 726| 484! 


100 |Horse-power.} .60| 1. 
Cubic feet. ...{8.74] 8.74]14,81 
4812.00)Revolutions..|1530] 765) 51 
Horse-power.| .79] 1.84] 3.12 
Cubic feet..../4.10) 9.57/16.21 
5271.30)Revolutions..|1677| 838] - 559 


140 |Horse-power.| .99] 2.33] 3.94 
Cubic feet... ..14.43/10.34]17.53 
5693.65|Revolutions, {1812 604 


Horse-power. }1.22] 2.84{ 4.82! 
Cubic feet. .../4.73]11.05/18.74 
6036 .74|Revolutions..|1938| 969] 646 


180 |Horse-power.|1.45| 3.39] 5.75] 10.19] 18.10 40.97) 72.41] 118.80] 163.08 
Cubic feet. . ..|5.02/11.72]19.87| 35.18} 62.49|140.74 249.97) 891.10) 562.96 4 
6455 ,97/Revolutions, .12049] 1024] 683 3} 5138] 842] 256 206 EO es) 


200 |Horse-power.}1.70| 3.97] 6.74 11.93} 21.20) 47.75} 84.81] 132.70] 191.00 

Oubic feet. .. ./5.29/12.36]/20.94| 37/08] 65 87/148.35/263.49] 412.25) 593.40 

6805.17|Revolutions, .|2160| 1080 720) 720 860) = 27 216 180 

|] PRRs 

250 |Horse-power.|2.38| 5.56] 9.42 16.68] 29.63) 66.74/118.54] 185.47) 266.96 

Oubic feet. .../5.92/13.82]23 42] 41.46 73.64)165.86) 294.59] 460.91| 663.45 
‘7608.44|Revolutions. ./2418] 1209] 806] 806| 605 403| 30: 241 
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Pelton Water-wheel Tables.—Continued. 


Head Size of 


24 8 4 5 
in ft. | Wheels. 


ft. ft. | ft. ft. 


~ 800 |Horse-pow’r|3.13] 7.81|12.38] 21.93] 38.95] 87.73|155.83| 243.821 850.94 
Cubie feet. .|6.48]15.13]25.66| 45.49] 80.67/181.691322.71] 504.911 76°76 

8334, 62|Revolutions |2652] 1396] 84| 884] 663| 442i asi] 265| - da1 
"850 |Horse-pow’r|3.94| 9.21115.61| 27.64| 49.09|110.56|196.38| 307.25] 449.07 
Cubic feet...|7.00|16.35]27.71| 49.06] 87.14|196-25(348 57] 545°36| 785 "00 
9002.43|Revolutions |2865| 1432] 955! 955 477} 358] 285] 938 
400 |Horse-pow’r|4.82|11.25/19.07| 8.77] 59.98]185.08/239.94| 875.40] 640.85 
7.49]17.48|29.63| 52.45] 93.16|209.80|372.64| 683.02) 839,90" 
765 510| 382] S06] a5 

450 |Horse-pow’'r|5.75]13.48/22.76| 40.29| 71.57|161.19|286.31| 447.95] 644.78 
Cubic feet...|7.94]18.54|31.42| 55.63] 98.81/222"52/395.04| 618.38] 800-11 
10207.79|Revolutions |3249 1624 812} 541} 406 824 270 
500 |Horse-pow'r|6.74|15.73)26.66| 47.20| 83.831 188801335. 34| ba4. 66! 755.20 
Cubic feet... 104. 15|234.56]416.62| 651.83| 938.25 
10759.96/Revolutions [8426] 1713] 1142| 1142 856! S71| 498| 3401 oan 
600 |Horse-pow’r|....|.. ssef.ee..] 62.04|110.19/248.16/440.771 689.631 999.65 
Cubie feet...|.... 1122] 64/24|114;09/256795/456-88| 714.05|1027.80 
11786.94|Revolutions |... 51] 938] 625 4691 avs| 312 
© 650 |Horse-pow'r|....|..0.«|.+.«] 69.95|124.25|279.82|497.0i| 777.e2l1119.09 
Oubie feet ..[....]TI02] 152.1] 66.86]118.75|267_44|475.021 743.21|1069.77 
12268.24|/Revolutions |....}. 976; 651{ 488 390 825 
an a ....| 78.18|188.86]312.73|555.46| 860.0611250.92 
STII 69/38]193"231977'54/492 "981 771.96/1110.16 
1013; 675| 506] 405! ag7 

"450 |Horse-pow’r|. ..|.....|.....| 86.70|164.00|346.881616.08| 908 6211387.34 
Cubic feet...)..0 4}. / 71.82/127.56|287.28/510.25] 79813311149 13 
13178.19|Revolutions |... 1049} 699 524) 419/349 
b S00. (Hors .|.....] 95.52]169.66/382.091678.66]1061.81|1598.36 
se 74.17|131.74|296.70|596.99| 824.5111186 81 
qeel 542) gal S64 

ae Fae peace 113.98|202. 45] 455. 941809. 82|1967.02|1823, 76 
Cubic feet...).022/ 222/22 78.67|139.74|314.70/558.96| 874.53)1258.81 
14436.00|Revolutions |... 1149] 766, 574! 459-883 
1000 |Horse-pow’r A eee 183.50/237.121534.01/948.48|1483,97)2136.04 
Cubic feet... *) 82.93]1477 80/331 .721589.19] 9218311326 91 
15216.89|Revolutions 1210] 807|_ 6051 484! 403. 


Cubic feet...) 
13610.40|Revolutions 


900 |Horse-pow’r 


THE POWER OF OCEAN WAVES, 


Albert W. Stahl, U.S. N. (Trans. A. 8, M. E., xiii, 438), gives the following 
formule and table, based upon a theoretical discussion of wave motion: 

The total energy of one whole wave-length of a wave H-feet high, L feet 
long, and one foot in breadth, the length being the distance between succes- 


sive crests, and the height the vertical distance between the crest and the 
trough, is = 8LH? (1 - 4.985 9) foot-pounds, 
' The time required for each wave to travel through a distance equal to its 


own length is P= MA <a seconds, and the number of waves passing any 
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es 


of an indefinite series of such waves, expressed in horse-power per foot of 
breadth, i 
ExN Hi? 


83000 Be 
By substituting various values for H -+- L, within the limits of such values 
actually occurring in nature, we obtain the following table of 


given point in one minute is V = * = 60 4 / ae Hence the total energy 


= 0820 L (1 — 4,935 


ToTat Enerey of Drxp-skA WAVES IN TreRMs or HorsE-POWER PER Foor 
oF BREADTH. 


been a Length of Waves in Feet. 


150 200 800 400 


3 7.43 20.46] 42.01 
5. 11.59 81.95} 65.58 
10.02 | 20.57 56.70) 116.38 
79 { 45.08] 126.70) 261 
39.43 | 80.94} 223.06] 457.89 
-98 Q i 86.22 | 177.00 } 487.75) 1001.25 
8.380 Li 291.20 | 597.78 | 1647.51| 3381.60 


The figures are correct’for trochoidal deep-sea waves only, but they give 
a close approximation for any nearly regular series of wavesin deep water 
and a fair approximation for waves in shallow water. 

The question of the practical utilization of the energy which exists in 
ocean waves divides itself into several parts : 

1. The various motions of the water which may be utilized for power 
purposes. 

2. The wave motor proper. That is, the portion of the apparatus in direct 
contact with the water, and receiving and transmitting the energy thereof ; 

ogether with the mechanism for transmitting this energy to the machinery 
for utilizing the same, 

__‘, Regulating devices, for obtaining a uniform motion from the irregular 
and more or less spasmodic action of the waves, as well as for adjusting the 
apparatus to the state of the tide and condition of the sea. 

4, Storage arrangementsfor insuring a continuous and uniform output of 
power during a calm, or when the waves are com paratively small. 

The motions that may be utilized for power purposes are the following: 
1. Vertical rise and fall of pas at and near the surface. 2. Horizontal 
to-and-fro motion of particles at and near the surface. 3. Varying slope of 
surface of wave. 4. Impetus of waves rolling up the beach in the form of 
breakers. 5, Motion of distorted verticals. All of these motions, except the 
Jast one mentioned, have at various times been proposed to be utilized for 
pore per posess and the last is proposed to be used in apparatus described 

y Mr. Stahl. 

The motion of distorted verticals is thus defined: A set of particles, origi- 
nally in the same vertical straight line when the water is at rest, does not 
remain in a vertical line during the passage of the wave; so that the line 
connecting a set of such toes while vertical and straight in still water, 
becomes distorted, as well as displaced, during the passage of the wave, its 
upper portion moving farther and more rapidly than its lower portion. 

Mr. Stahl’s paper contains illustrations of several wave-motors designed 
upon various principles. His conclusions as to their practicability is as fol- 

ows: ‘‘ Possibly none of the methods described in this paper may ever prove 
commercially successful; indeed the problem may not be susceptible of a 
financially successful solution. My own investigations, however, so far as I 
have yet n able to carry them, incline me to the belief that wave-power 
can and will be utilized on a paying basis.”” 

Continuous Utilization of Tidal Power. (P. Deccur, Proce, 
Inst. C. E. 1890.)—In connection with the training-walls to be constructed im 
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ized. The methou provosed is to have two basins separated Kile bank rising 
above high water, within which turbines would be placed. The upper basin 
would be in communication with the sea during the higher one third of the 


a constant power from the turbines, The turbine peonosed is of an upp exee 
erate diameter. One has 
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Theoretical Capacity of a Pump.—Let Q = cu. ft. per min.; 
G@’ = Amer. gals. per min, = 7.4805Q’; d = diam. .of pump in inches; 2 = 
stroke in inches; N = number of single strokes per min. 


2 
Copacity in cu. ft. per min, = Q = 7.0. uw = .0004545.Va215 
aw Nd 


Capacity in gals. per min, G’ = 7° op - = .0084Na22; 
1 Capacity in gals. per hour ........ cst eccces ees. 204NG2, 


Diameter required for a pa Q” A (ea 
given eipactiy per min. \a me 46.94/ yr 11. wm 


If v = piston speed in feet per min., d = 1a.44/ @ = 4054/2 


If the piston speed is 100 feet per min.: 
Nl = 1200, and d = 1.354 /Q = 495 VG; @ = 4.08d? per min. 


The actual capacity will be from 60% to 95% of the theoretical, according to 
the tightness of the piston, valves, suction-pipe, etc. 


Wheoretical Horse-power required to raise Water to a 
given HMeight.—Horse-power = 
Volume in cu. ft. per min. X pressure per sq.ft. | Weight « height of lift 
83,000 = 33,000 : 
= cu. ft. per min.; G’ = gals, per min.; W = wt. in lbs,; P ih ne 
ift in ft.; 


in Ibs. per sq. ft.; » = pressure in lbs, per sq. in.; H = height of 
W= @36Q PS 1449, p = .438H, H = 2.309p, G’ = 7.4805Q’: 


HP = WP cs QOH xX 144 x .433 aOR. GH . 
83,000 83,000 529.2 ~ 3958.7’ 

HP = WH a Q" X 62.36 x 2.3099 _ Op _ Gp 
33,000 33,000 7 220.2 ~ 1714.5° 


For the actual horse-power required an allowance must be made for the 
friction, slips, etc., of engine, pump, valves, and passages. 
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Depth of Suction.—Theoretically a perfect pump will draw water 
from a height of nearly 34 feet, or the height corresponding to a perfect 
vacuum (14.7 Ibs. x 2.309 = 33.95 feet); but since a perfect vacuum cannot be 
obtained, on account of valve-leakage, air contained in the water, and the 
vapor of the water itself, the actual height is generally less than 30 feet: 
When the water is warm the height to which it can be lifted by suction de- 
creases, on account of the increased pressure of the vapor. In pumping hot 
water, therefore, the water must flow into the pump by gravity. The fol- 
lowing table shows the theoretical maximum depth of suction for different 
temperatures, leakage not considered: 


Absolute Max. Absolute Max. 
Pressure Vacuum Depth Pressure Vacuum Depth 
Temp. ofVapor, Inches of s et base pr veer Inches of s i 
of Ibs. per uction > Ss. per uction. 
oq. in, Mercury-|" feet, ” sq.in, |Mercury.|" fect, ” | 
102.1 1 27.88 31.6 182.9 8 13.63 15.4 
126.3 2 25.85 29.3 188.3 9 11.60 13.1 | 
wt] id | gel ae | ele ] pe) ey 
158. 5 7 ! 
162.3 5 19.74 22.3 202.0 12 5.49 6.2 : 
170.1 6 17.70 20.0 205.9 13 3.45 3.9 
176.9 7 15.67 17.7 209.6 14 1,41 1.6 


Amount of Water raised by a Single-acting Lift-pump. 
—It is common to estimate that the quantity of water raised by a 
single-acting bucket-valve pump per minute is equal to the number of 
strokes in one direction per minute, multiplied by the volume traversed by 
the piston in a single stroke, on the theory that the water rises in the pump 
only when the piston or bucket ascends; but the fact is that the column of 
water does not cease flowing when the bucket descends, but flows on con- 
tinuously through the valve in the bucket, so that the discharge of the 
pump, if it is operated at a high speed, may amount to nearly double that 
calculated from the displacement multiplied by the number of single strokes 
in one direction. 

Proportioning the Steam-cylinder of a Direct-acting 
Pump.—Let 

A = area of steam-cylinder; @ = area of pump-cylinder; 

D = diameter of steam-cylinder; d= diameter of pump-cylinder; 

P = steam-pressure, lbs, per sq. in.;p = resistance per sq. in. on pumps; 

H = head = 2.309p; = 5 


E = efficiency of the pump = 


work done in pump-cylinder 
work done by the steam-cylinder” 


ap. HAP EP. HAP 
=>5 cee BE ye D=ds/ £., a= Dy/ EE, Po Bs p= 
cre ee Y A. = - a 
a" ke up: H= 2.809EP 5 If H= %5%, H= 1.732P =. 


His commonly taken at 0,7 to 0.8 for ordinary direct-acting pumps. For 
the highest class of pumping-engines it may amount to 0,9, The steam. 
pressure Pis the mean effective pressure, according to the indicator-dia- 
gram; the water-pressure p is the mean total pressure acting on the pump 
plunger or piston, including the suction, as could be shown by an indicator- 
diagram of the water-cylinder. The pressure on the pump-piston is fre- 
quently, much greater than that due to the height of the lift, on account of 
eee of the valves and passages, which increases rapidly with velocity 
of flow. 

Speed of Water through Pipes and Pum p-passages.— 
The speed of the water is commonly from 100 to 200 feet per minute, If 200 
feet per minute is exceeded, the loss from friction may be considerable, 


h 8 / gallons per minute 
The diameter of pipe required is 4.95. velocity in feet per minute’ 


For a velocity of 200 feet per minute, diameter =.35 XVgallons per min, 
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Sizes of Direct-acting Pumps,—The tables on this and the next 
page are selected from catalogues of manufacturers, as representing the 
two common types of direct-acting pump, viz., the single-cylinder and the 
les Both types are now made by most of the leading manufacturers. 

he Deane Single Boiler-feed or Pressure Pump,—Suitable 
for pumping clear liquids at a pressure not exceeding 150 Ibs. 


ee SE 
Sizes. Capacity au Sizes of Pipes. 
2 = —| g| permin ® A fonparaeny cecmems cae Pe 
FA K ® | | at Given | 9 a 
; o s S|.2] Speed x=| 2 
8 Al uk [85 a A 3 
ie S rt Paes hies : a 3 - | do 
B48 | 28 gota Medals Bil oat leer nate. | ate 
Bie |S | ee edie | Bb Balan 8 |e be 
2/2 S a |S 5 | @ Sal ters 2 r 3 | 2 
eagle dle allwions alas t kar en neo a es colupeme tes 
Os 2 5 | .o7} 150} 10] 2046) 7 w%1 3% | 13414 
1 | 3%] 2%] 5 | 09) 150| 13 | 33%6| 746 % | 14 | 1 
14| 4 286] 5 | 10] 150] 15) 3316] 76 84 | 1i4 | 4 
mod aig| 5 | ‘11] 150] 16| a3i¢) vig] $2) 341] 11414 
ou! 43g] 8 5 | .15| 150] 22] 34 se | $6) 84 | 1% | 1% 
3 5 814 i 225) 125 31 | 4844 914 34 1 2 146 
4 | 56) 33] 7 | a3) t25| 42 | 43 9i4.| $4) 1 |2 | 182 
4y4| Y | 434] 8 | 149] 120] 58) 52] 12-] 1° | wela |e 
5 (é aie 10 69} 100 69 | 55 12 Bf 1% | 3 2 
6 vers 5 10 85} 100 85 | 55 12 1 1 3 2 
614] 8 5 12 {1.02} 100 102 | 63 14 1 1 3 24 
q 10 6 12 |1.47) 100 147 | 69 19 1144 2 4 4 
8 | 12 v4 12 |2.00} 100] 200} 69 19 2 216 | 5 4 
9 14 8 12 |2.61] 100 261 | 69 21 2 246 1 5 5 


The Deane Single Tank or Light-service Pump.—tThese 
pumps will all stand a constant working pressure of 75 lbs. on the water- 
cylinders. ; 


Sizes. g Capacity ; Sizes of Pipes. 
i 3 per min 8 “a 
As 5 at Given | 3 
eas a peepee ab ilnig 
5 u A . 
2] 2\/8s| ela | a alee ee a te 
1 1 oy : 
Bo ea Bel Sat Bee) ae Oe aot eal 
eso )do} eS) Ba epee eel a | Sapa 
me (la BN cae ge ae PES | ea Pea Me ati a 
4 4 5 1271)" 190) | 851] 188. il Gong | ng |) Bgi| el ilies 
5 4 a -38 | 125 48 | 4516) 15 | 3 1 3 oe 
5% | 5 7 "72. | 125 0) 454) 15 valli 3} 2% 
ve74 ie 10 1.91 110 | 210] 58 |.17 1 14% 5 4 
8 6 12 | 1.46] 100] 146] 67 | 2016] 1 11%] 4] 4 
6 tf 12 2.00} 100 | 200} 66 | 17 34} 1 4 4 
8 7 12 | 2.00] 100] 200] 67 | 201%] 1 1] 5 | 4 
8 8 12 2.61 100 | 261 68 | 80 1 144 5 6 
10 8 12 2.61 100 261 6846] 80 14 | 2 5 5 
8 10 12 4.08} 100| 408] 68 | 2016] 1 1% 8 8 
10 10 12 4.08} 100} 408} 684) 30 1% | 2 8 8 
12 10 12 4.08 100 | 408} 64 | 24 2 216 8 8 
10 12 12 5.87 | 100} 587] 6844) 30 144 | 2 8 8 
12 | 12 12 | 5.87| 10¢] 587] 64 | 2816] & | ew] 8 | 8 
10 12 18 8.79 70} 616) 95 ) 25 1%| 2 8 8 
12 «| 12 18 | 8.79] 70] 616] 95 | 2814] 2 2) 8 | 8 
12 14 18 12.00 70 | 840} 95 | 2814] 2 24 8 8 
14 16 18 | 15.66 70 | 1096] 95 | 34 2 21441) 12 | 10 
16 16 18 15.66 70 |} 1096} 95 | 34 2 246] 12 10 
18 16 18 | 15,66 70 | 1096) 97 | 34 3 346 | 12 | 10 
16 18 24 26.42 50 | 1821] 115 | 40 2 246 14 12 
18 18 24 | 26.42 50 | 1321 | 135 | 40 3 3i2 14 | 12 
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Efficiency of Small Direct-acting Pumps.—Chas. E. Emery, 
in Reports of Judges of Philadelphia Exhibition, 1876, Group xx., says: ‘“‘Ex- 
periments ade with steam-pumps at the American Institute Exhibition of 
1867 showed that average-sized steam-pumps do not, on the average, utilize 
more than 50 per cent of the indicated power in the steam-cylinders, the re- 
mainder being absorbed in the friction of the engine, but more particularly 
in the passage of the water through the pump. It may be safely stated 
that ordinary steam-pumps rarely require less than 120 pounds of steam: 
per hour for each horse-power utilized in raising va tole ean toa duty 
of only 15,000,000 foot-pounds per 100 pounds of coal. ith larger steam- 
pumps, particularly when they are proportioned for the work to be done, 
the duty will be materially increased.’ 


The Worthington Duplex Pump. 
STANDARD SIZES FoR ORDINARY SERVICE. 


bs ao .| Sizes of Pipes for 
oe hates Short Lengths. 
S : wa o- eign’ 
V7 ts ti Ces se £* 2)\To be increased as 
3 % ae QFE ac 3 ae length increases. 
a I a ® Swe os Sve 
Bog p2| 288 | =s .|kas 
SS peice SB) eps 32 532 
oJ 
q 3s © om = eg oe aE iS 
& | 8 |#|/ eg ot Ae O24 | saa i 
P=) = oe ce D te 4 50 A mS co) 
n & |] 6° cus one ioe 6 R i 
we bee oo] Bea ae Ree leoFi sla] S| as 
3 Salil © fee O58 jOme] Bla} & } 
he he rs) © not eA, 2 Ho 8] ee a op 
1 By = $4 leak} ui oa Cs me QD a & 
Oc rowjart 32 Sod ages ibaa) Steal cL ENG Sle a 
c | a |ele=| 682 | S33 |gza|s|4) | 3 
‘ a} @-| 2 S SQ = OS A 
Saas ie a & A |alalala 
3 2 3 -04| 100 to 250 8to 20) 2 3g] 14) 1% 1 
52 | a 5| ‘20| ootoa0| goto oo . %\ v4) bg | ie 
A to 200 40to 80) 5 Ae 
B. 46 : Ha? to a5 a to 100) 5 i i 3 2 
43 to 15 Sto 125] 686 | |2 | 4 3 
73 | 5 | 6| [51] 100to150| 100to 150) 7° \1he 12 1 4 | 8 
m6 | 416 | 10 69] 75 to 125 | 100to 170] 63¢ |114| 2 | 4 3 
9 514 | 10 93] 75 to 125 | 185 to 280] 4 [2 216) 4 3 
10 6 10 1.22] 75 to 125 | 180 to 300} 86 |2 2 5 4 
10 ¢ 10 1.66] 75 to 125 | 245 to 410! 9% |2 2 6 5 
12 v 10 1.66] %5 to 125 | 245 to 410} 9% |214 | 3 6 52 
14 7 10 1.66] “5 to 125 | 245 to 410} 9% |214 | 3 6 5 
12 814 | 10 2.45| 75 to 125 | 865 to 610) 12 216 13 6 5 
14 846 | 10| 2.45) 75 to 125 |} 365to 610) 12 216 | 3 6 5 
16 8 10 | 2.45) 75 to 125 | 3865 to 610} 12 26 | 3 6 5 
1844 8 10{ 2.45) %5 to 5 | 865 to 610) 12 3 34] 6 5 
20 8 10] 2.45) %5 to 125 | 865 to 610} 12 4 5 6 5 
12 1044 | 10) 3.57] %5to125 | 530 to 890 14144 |246 | 3 8 i 
14 1014 10 | 3.57] 175 to 125 | 530 to 890 1444 [26 | 3 8 7 
16 1014 10 | 3.57) 75 to 125 | 530to 890) 1414 |214 | 3 8 q 
1834 | 1094 | 10| 3.571 75 to 125 | 630 to. 890l 14 4\3 | 314) 8 7 
20 1044 10] 3.57] 75 to 125 | 530to 890 1444 |4 5 & v4 
14 12 10 | 4.89} 5 to 125 | %30 to 1220] 17 24613 10 8 
16 12 10 | 4.89} 75 to 125 | 730 to 1220] 17 24 | 3 10 8 
184 | 12 10 | 4.89} 75 to 125 | 70 to 1220] 17 |3 ~ 814} 10 8 
20 12 10 | 4.89] % to 125 | 730 to 1220) 17 4 5 10 8 
1844 | 14 10] 6.66] 75 to125 | 990 to 1660) 1 3 344) 12 10 
14 10 | 6.66} %5to122 | 990 to 1660] 1 4 |4 5 12 10 
17 10 15 | 5.10! 50to 100 | 510 to 1020) 14 ‘|3 344) 8 7 
20 12 15 | 7.34] 50to 100 | 730 to 1460) 17 |4 5 | 12 10 
20 15 15 | 11.47] 50 to 100 | 1145 to 2290] 21. —‘|....}....]...... else ei 
2% 415 | 15 11.47 50 to 100 | 1145 to 2290] 210 J.) 
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Speed of Piston.—A piscon speed of 100 feet per minute is commonly 
assumed as correct in practice, but for short-stroke pumps this gives too 
high a speed of rotation, requiring too frequent a reversal of the valves, 
For long-stroke pumps, 2 feet and upward, this speed may be considerably 
exceeded, if valves and passages are of ample area, 


Number of Strokes required to Attain a Piston Speed 
from 50 to 125 Feet per Minute for Pumps having 
Strokes from 3 to 18: Inches in Length, 


ee) 
re & Length of Stroke in Inches, : 
ay c t 
ees | 
eae 8 i 4b [se [7] s [tole fa 
og 
FS FS Number of Strokes per Minute. 
50 200 150 120 100 86 75 60 50 40 | 33 
55 220 165 132 | 110 94 82.5 66 55 37 
60 240 180 144 120 103 90 2 60 48 | 40 
65 260 195 156 130 111 97.5 78 65 52 
70 280 210 168 140] 120] 105 70 56 | 47 
5 300 225 180 150 | 128 112.5 90 15 60} 50 
80 320 240 192 160 1387 120 96 80 64] 53 
85 340 255 204 170 146 127.5 102 85 68 | 57 
90 360 270 216 180 | 154 135 108 90 721 60 
95 880 285 228 190 163 142.5 114 95 76 | 63 
100 400 300 240 | 200 171 150 120 100 80 | 67 
105 420 315 252 | 210 180 157.5 | 126 105 84] 7 
110 440 330 264 | 220 188 165 132 110 88 | 73 
115 460 345 276 | 280 197 172.5 88 | 115 92) 77 
120 480 360 288 240 | 206 180 144 120 96] 80 
125 500 875 300 | 250} 214 187.5 150} 125 100 | 83 


Piston Speed of Pumping-engines, (John Birkinbine, Trans, 
A.I. M. E., v. 459.)—In dealing with such a ponderous and unyielding sub- 
Stance as water there are many Uifficulties to overcome in making a pump 
work with a high piston speed. The attainment of moderately high speed 

is, however, easily accomplished. Well-proportioned pumping-engines of 
Jarge capacity, provided with ample water-ways and properly constructed 
valves, are operated successfully against heavy pressures at a speed of 250 ft. 
per minute, without ‘‘thug,” concussion, or injury to the apparatus, and 
there is no doubt that the speed can be still further increased. 

Speed of Water through Valves,—If areas through valves and 
water passages are sufficient to give a velocity of 250 ft. per min, or less, 
they are ample. The water should be carefully guided and not too abruptly 
deflected. (FP. W. Dean, Eng. News, Aug. 10, 1893.) 

Boiler-feed Pumps.—Practice has shown that 100 ft. of piston speed 
per minute is the limit, if excessive wear and tear is to be avoided, 

The velocity of water through the suction-pipe must not exceed 200 ft. 
per minute, else the resistance of the suction ig too great. 

The approximate size of suction-pipe, where the length does not exceed 
25 ft. and there are not more than two elbows, may be found as follows : 

7/10 of the diameter of the cylinder multiplied by 1/100 of the piston speed 
in feet. For duplex pumps of small size, a pipe one size larger is usually 
employed. The velocity of flow in the discharge-pipe should not exceed 
500 ft. per minute. The volume of discharge and length of pipe vary so 
greatly in different installations that where the water is to be forced more 
than 50 ft. the size of discharge-pipe should be calculated for the particular 
conditions, allowing no greater velocity than 500 ft. per minute. The size of 
discharge-pipe is calculated in single-cylinder pumps from. 250 to 400 ft. per 
minute. Greater velocity is permitted in the larger Pipes. . 
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boilers will evaporate from 2 to $ Ibs. of water per sq. ft. of heating-surface 
hour, but may be driven up to 6 lbs. if the grate-surface is too large or 
draught too great for economical wi a 
Pump-Valves,—aA. F. Nagle (Trans. A. S. M. E_, x. 521) gives a number 
of designs with dimensions of double-beat or Cornish valves used in large 
pampine engines, with a discussion of the theory of their proportions. The 
‘ollowing is a summary of the proportions of the valves described. 


Summary OF VALVE PROPORTIONS. 


PE) Baig = as 
3 S252 |g5¢| 22 
> 2 -E 2 of 2 ¢ 
as = sty ot 
Location of Engine, °3 Sees, ° £2. 
= == gs za8 
es 2s S= le Ze= 
S°| gaeza [233] 23s 
Providence high-ser- 
vice engine .......] 12 1 Ib. 877 Ibs. 
teduced to 
66 Ib. 
Providence Cornish-} 

BREDA. 25 atom oul 0 1.28 12 | 680 
St. Louis Water Wks.| 16 1.86 67 | 250 
Milwaukee “ z 0 $8 | 120 
Chicago = 25 1.41 % | 151 

a ve BO oe: 15 1. 8 | 140 
“ he “ 

wood seats....... eof 25 1.16 94 | 132 

Chicago Water Wks.} 8 -96 75 | 151 


Mr. Nagle says: There is one feature in which the Cornish valves are 
necessarily defective, namely,the lift must 2lways be quite large, unless great 
power is sacrificed to reduce it. It is undeniable that a lift is prefer- 
able to a great one, and hence it naturally leads to the substitution of 
numerous small valves for one or several large ones. To what extreme re- 
duction of size this view might safely lead must be left to the judgment of 
the engineer for the particular ease in hand, but certainly, theoretically, we 
must adopt small valves. Mr. Corliss at one time carried the theory so 
far as to make them only 13g inches in diameter, but from 3 to 4 inches is 
the more common practice now. A small valve —— proportionately a 
larger surface of disch: with the same lift than a larger valve, so that 
whatever the total area of valve-seat opening, its full contents can be dis- 
charged with less lift through numerous small yalyes than with one large 
one. 


Henry R. Worthington was the first to use numerous small rubber valves 
in preference to the larger metal valves. These valves work well under all 
the conditions of a city pumping-engine. A volute spring is generally used 
to limit the rise of the valve. 

In the Leavitt high-duty sewerage-engine at Boston (Am. Machinist, May 
31, 1884), the valves are of rubber, 34-inch thick, the opening in valve-seat 
being 134 x inches. The valves have iron face and back-plates, and 
form their own hinges, 
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Relation of Height of Lift to Velocity.—The heicht of lift 
+ oar only on the tangential velocity of the circumference, every tangen- 
tial velocity giving a constant height of lift—sometimes termed ‘* head "— 
whether the pump is small or large. The quantity of water discharged is in 
proportion to the area of the discharging orifices at the circumference, or in 
Popes to the square of the diameter, when the breadth is Kept the same, 

. H. Buel (App. Cyc. Mech., ii, 606) gives the following: 

Let Q represent the quantity of water, in cubic feet, to be pumped per 
minute, A the pene of suction in feet, h’ the height of di in feet, and 
d the diameter of suction-pipe, equal to the diameter of di ‘pipe, in 


x 


; 
5 
: 


% 
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5 / 2 
feet; then, according to Fink, d = 0.36 Vega h" g being the accel. 


eration due to gravity, ; 

If the suction takes place on one side of the wheel, the inside diameter of 
the wheel is equal to 1.2d, and the outside to 2.4d. If the suction takes place 
at both sides of the wheel. the inside diameter of the wheel is equal to 0.85d, 
and the outside to 1.7d. Then the suction-pipe will have two branches, the 
area of each equal to half the area of d. The suction- ipe Should be as short 
as possible, to prevent air from enterin gthe pump. The tangential velocity 


of the outer edge of wheel for the delivery Q is equal to 1.25 /2g(h +h’) 
feet per second. 

The arms are six in number, constructed as follows: Divide the central 
angle of 60°, which incloses the outer edges of the two arms, into any num- 
ber of equal parts by drawing the radii, and divide the breadth of the wheel 
in the same manner by drawing concentric circles. The intersections of the 
several radii with the corresponding circles give points of the arm. 

In experiments with Appold’s pump, a velocity of circumference of 500 
ft. ee min. raised the water 1 ft. high, and maintained it at that level 
without discharging any; and double the velocity raised the water to four 
times the height, as the centrifugal force was proportionate to the square 
of the velocity; consequently, 

500 ft. per min. raised the water 1 ft. without discharge. 
1000 ee Ty se wo “ 4 ee “ ee 


2000 “a os os 13 oe 16 “oe cy “ 
4090 “ “ “ce oe “ 64 id “ oe 
The greatest height to which the water had been raised without discharge, 
{n the experiments with the 1-ft. pump, was 67.7 ft., with a velocity of 4153 
ft. per min., being rather less than the calculated height, owing probably to 
leakage with the greater pressure, A velocity of 1128 ft. per min. raised the 
water 56 ft. without any discharge, and the maximum effect from the 
power employed in raising to the same height 514 ft. was obtained at the 
velocity of 1678 ft. per min., giving a discharge of 1400 gals. per min, from 
the 1-ft. pump, The additional velocity required to effect a discharge of 
1400 gals, per min., through a 1-ft, pump working at a dead level without he 
height of lift, is 550 ft. per min. Consequently, adding this number in eac 
case to the velocity given above, at which no discharge takes place, the fol- 
eval velocities are obtained for the maximum effect to be produced in 
each case; 
1050 ft, per min., velocity for 1 ft. height of lift, 
1550 oe oo) “ ita 4 it) “ “ 
2550 “ tf “ “ 16 “ iid it} 


4550 7 oe “ “ 64 “ oe o 
Or, in general terms, the velocity in feet per minute for the circumference 
of the pump to be driven, to raise the water to a certain height, is equal to 


650 + 500 / height of lift in feet. é 
Lawrence Centrifugal aes Class B—For Lifts from 
15 to 35 ft. 


‘ _ (Sse 2 “le antis TS pk + 
al a4 fd a3 ee nS E 1 bo Bem x8 ; 
‘Z fs lel 
Sales) So o8a s/ege S| 8s \oaae ss] 2. 
J =} “a * i — “— | Aad 
s&/8'5) 2a |S SEIN SS 96) SR |SOhEIN ss] we 
Zz ila | |8 a a\/A |p Fe] 5 
1 | al a 25] .028 10} 10 | 3000} 4.60] 3000 
ug| 271 114 i ae 12| 12 | 4200} 2/15] 6800 
2 | aul 2 100] :08 18a) -niber| aes 3.50] 8840 
3 | Biel 3 250] 45 18] 18 | 10000} 5.v0! 10000 
4 | 4ig| 4 450 | 27 24| 24 | 18000} 7:60 ye 
Bele | 5 700 | 136 30 | 30 | 25000 | 10.50} 20000* 
g}s | s 1200 | 65 36 | 36 | 35000 | 14:75] 20008 
; 8 : 


* Without base. 

The economical capacity Seg gag to a flow not exceeding 10 ft, per 
seconi| in the delivery-pipe. Small pipes and high rate of flow cause a great 
loss of power. 
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Size of Pulle Width of Belts, and Revolutions per 
7Minute Weepesary to Raise the Rated Quantity of Water 
to Different Heights with Pumps of Class B. 


5 “=. 
s|/ s Fy Bese 
: mre mae 3 ly >§| Height in Feet and Revolutions per Minute. a 
2 lela elasi8be ag 
= F=f Saiss & a2 os 
8 2g \Sclcalsse 1 
ala |EUIE OE} 6 | 8’ | 10’| 12’| 16} 20’| 95 | 30° | 35” 


1045 | 1125 | 1200 
955 | 1025 | 1100 


185 | 204 


214 | 230 | 250 


Efficiencies of Centrifugal and Reciprocating Pumps.— 
W. O. Webber (Trans. A. S. M. E., vii. 598) gives diagrams showing the 
relative efficiencies of centrifugal and reciprocating pumps, from which the 
eine figures are taken for the different lifts stated : 

ift, feet: 

2 5 10 15 20 2% 30 35 40 50 60 80 100 120 160 200 240 280 
Efficiency reciprocating pump: 
+. .- 80 .45 .55 .61 .66 .68 .71 .75 .77 .82 .85 .87 .90 .89 .88 .85 
Efficiency centrifugal pump: 
50 .56'.64: 68 169 .68 266 (62.58 050.40 025, dee) ans eedl cee 

The term efficiency here used indicates the value of W. H. P. +I. H. bey 
or horse-power of the water raised divided by the indicated horse- power of 
the steam-engine,and does not therefore show the full efficiency of the pump, 
but that of the combined pump and engine. It is, however, a very simple 
way of showing the relative values of different kinds of pumping-epgines 
having their motive power forming a part of the plant. 

The highest value of this term. given by Mr. Webber, is .9164 for a lift of 
170 ft., and 3615 gals. per min. This was Obtained in a test of the Leavitt 
pumping-engine at Lawrence, Mass., July 24, 1879, 

With reciprocating pumps, for higher lifts than 170 ft., the curve of effi. 
ciencies falls, and from 200 to 300 ft. lift the average value seems abous 
.84, Below 170 ft. the curve also falls reversely and slowly, until at about 90 
ft. its descent becomes more rapid, and at 385 ft. .727 appears the best 
recorded performance, There are not any very satisfactory records below 
this lift, but some figures are given for the yearly coal consumption and 
total number of gallons pumped by engines in Holland under a 16-ft, lift, 
from which an efficiency of .44 has been deduced. 

With centrifugal pumps, the lift at which the maximum efficiency is ob= 
tained is approximately 17 ft. At lifts from 12 to 18 ft. some makers of 
large experience claim now to obtain from 65% to 70% of useful effect, but 
-613 appears to be the best done at a public test under 14.7 ft. head. 

The drainage-pumps constructed some years ago for the Haarlem Lake 
were designed to lift 70 tons per min, 15 ft., and they weighed about 150 
tons. Centrifugal pumps for the same work weigh only 5tons. The weight 
hte a/centrifugal pump and engine to lift 10,000 gals. per min. 35 ft. high is 

ONS. 

The pumps placed by Gwynne at the Ferrara Marshes, Northern Ttaly, in 
1865, are, it is believed, capable of handling more water than other set of 

umping-engines in existence... The work performed by these pumps is the 
hitting of 2000 tons per min.—over 600,000,000 gals. per 24 hours—on a mean 
lift of about 10 ft. (maximum of 12.5 ft.). (See Engineering, 1876.) 

The efficiency of centrifugal pumps seems to increase as the size of pump 
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increases, approximately as follows: A 2/” pump (this designation meaning 
always the size of discharge-outlet in inches of diameter), giving an effi- 
ciency of 38%, a 8” pump 45%, and a 4” pump 52%, a 5” pump 60%, and a 6” 
_. Rump 64% efficiency. ; 


Tests of Centrifugal Pumps, 
W. O. Webber, Trans, A. S, M, E., ix. 237, 


a A a a nS 
Heald | Heald | Heald | Berlin. 
An- An-| An- 
Maker. . & & |Schwartz 
drews. | drews.| drews.! gisco, Sisco. | Sisco, | kopff. 


Size...........+-:| No. 9. | No. 9.1 No. 9.] No. 10.| No. 10.]No. 10.| No.9. 
Diam. discharge.| 914] 914’) 91g’ 10” 10” 10” 914” 
s* suction... 934/’ 934’ 9384/7) 12” 12/7 12” 10.3” 
£6) i disk aveceutn eo’! 26/7 26” 30.57 | 80.57 | 30.5” 20.5/" 
Rev. per minute.} 191.9 | 195.5 | 200.5 | 188.3 | 202.7 | 213.” 500 
Galls. per minute}1513.12 |2023.82/2499,33 |1673.37 12044.9 |2371.67 | 1944.8 
Height in feet....] 12.25 | 12.62] 13.08] 12.88] 12.58] 13.0 16.46 
Water H.P.....-.] 4.69 6.47] 8.28] 5,22 6.51 RBL th oaneeeeete 
Dynam/’eter H.P.| 10.09] 12.2} 14.38) 8.11] 10.74] 14.02 11 
Efficiency........] 46.52 | 53.0] 57.57] 64.5 60.74 | 55.72 3.1 


Vanes of. epics fet Pumps.—For forms of pump vanes, see 

aper by W. O. Webber, Trans, A. §. M. E., ix. 228, and discussion thereon 
by Profs. Thurston, Wood, and others. 

The Siena ies Pump used as a Suction Dredge.—The 
Andrews centrifugal pump was used by Gen. Gillmore, U.S. A., in 1871, in 
deepening the channel over the bar at the mouth of the St. John’s River, 
Florida. The pump was a No. 9, with suction and discharge pipes each 9 
inches diam. It was driven at 300 revolutions per minute by belt from an 
engine developing 26 useful horse-power. 

Although 200 revolutions of the pump disk per minute will easily raise 
3000 gallons of clear water 12 ft. high, through a straight vertical 9-inch 
pipe, 300 revolutions were required to raise 2500 gallons of sand and water 
11 ft. high, through two inclined suction-pipes having two turns each, dis- 
charged through a pipe having one turn. 

The proportion of sand that can be pumped depends greatly upon its 
specific gravity and fineness. The calcareous and argillaceous sands flow 
more eet than the silicious, and fine sands are less liable to choke the 
pipe than those that are coarse. .When working at high speed, 50% to 55% of 
sand can be raised through a straight vertical pipe, giving for every 10 cubie 
yards of material discharged 5 to 514 cubic yards of compact sand. With 
the appliances used on the St. John’s bar, the proportion of sand seldom 
exceeded 45%, generally ranging from 380% to 35% when working under the 
most favorable conditions. 

In pumping 2500 gallons, or 12.6 cubic yards of sand and water per minute, 
there would therefore be obtained from 3.7 to 4.8 cubic yards of sand. Dur. 
ing the early stages of the work, before the teeth under the drag had been 
properly arranged to aid the flow of sand into the pipes, the yield was con- 
siderably below this average. (From catalogue of Jos. Edwards & Co., 
Mfrs. of the Andrews Pump, New York.) 


DUTY TRIALS OF PUMPING-ENGINES, 


A committee of the A. S. M. E. (Trans., xii. 530) reported in 1891 on a 
standard method of conducting duty trials. Instead of the old unit of 
duty of foot-pounds of work per 100 lbs. of coal used, the committee recom- _ 
mend a new unit, foot-pounds of work per million heat-urits furnished by 
the boiler. The variations in quality of coal make the old standard unfit as 
a basis of duty ratings, The new unit is the precise equivalent of 100 Ibs. of 
coal in cases where each pound of coal imparts 10,000 heat-units to the 
water in the boiler, or where the evaporation is 10,000 + 965.7 = 10.355 Ibs. of 

water from and at 212° per pound of fuel. This evaporative result is readily 
obtained from all grades of Cumberland bituminous coal. used in horizontal 
return applet boilers, and, in many cases, from the best grades of anthra- 
tite co Pit 
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The committee also recomm:.d that the work done be determined by 
plunger displacement, after make a test for leakage, instead.of by meas- 
urement of flow by weirs or other apparatus, but advise the use of such 
apparatus when practicable for obia‘ning additional data. The following 
extracts are taken from the report. hen important tests are to be made 
the complete report should be consultex. 

The necessary data having been obtained, the duty of an engine, and other 

uantities relating to its performance, may be computed by the use of the 
following formule: 


ate Foot-pounds of work done 
7 Y = Total number of heat-units consumed 


_AP+p+s) xX LxNn 
¥ A 


X 1,000,000. 


X 1,000,000 (foot-pounds), 


_ 0x14 
2. Pexrentage of leakage = Ixixw* 100 (per cent), 
8. Capacity = number of gallons of water discharged in 24 hours 
AXLXNX74805X%  AXLxX Nx 1.24675 
Tie DXiIe te oa po eee 


4. Percentage of total frictions, 
A(P2p+s)xLxXNn 
eae cc DX 60 X 33,000 
LP: 
Ey A(P+p+s)XLxN : 
=|) Zo estes x te We ]x 100 (per cent 
or, in the usual case, where the length of the stroke and number of strokes 
of the plunger are the same as that of the steam-piston, this last formula 


becomes: AP Ve 
ey Pe =p+s 
Percentage of total frictions = [2 Asx MEP. |x 100 (per cent). 


x 100 


In these formule the letters refer to the following quantities: 

A = Area, in square inches, of pump plunger or piston, corrected for area 
of piston rod or rods; ie 

fee Peers in pounds per square inch, indicated by the gauge on the 

‘orce main; 3 

p = Pressure, in pounds per square inch, corresponding to indication of the 
vacuum-gauge on suction-main (or pressure-gauge, if the suction- 
pipe is under a head). The indication of the vacuum-gauge, in 
oe of mercury, may be converted into pounds by dividing it by 


* ’ 

8 = Pressure, in pounds per square inch, corresponding to distance be- - 
tween the centres of the two ing The computation for this 
pressure is made by multiplying the distance, expressed in feet, by 
the weight of one cubic foot of water at the temperature of the 
pump-well, and dividing the product by 144; 

LL = Average length of stroke of pump-plunger, in feet: 

WN = Total number of pines strokes of pump-plunger made during the trial; 

As = Area of steam-cylinder, in square inches, corrected for area of piston- 
rod. The quantity As x M.E.P., in an engine having more than one 
cylinder, is the sum of the various quantities relating to the respec- 
tive cylinders; 

Is = Average length of stroke of steam-piston, in feet; 

Ws = Total number of single strokes of steam-piston during trial; 

M.-E.P, = Average mean effective pressure, in pounds per square inch, 
measured from the indicator-diagrams taken from the steam-cylin- 


der; 
LH.P. = Indicated horse-power developed by the steam-cylinder; 
C = Total number of cubic feet of water which leaked by the pump-plunger 
during the trial, estimated from the results of the ] test; 
D = Duration of trial in hours: 
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H = Total number of heat-units (B. T. U.) consumed by engine = weight of 
water supplied to boiler by main feed-pump X total heat of steam 
of boiler fa reckoned from temperature of main feed-water + 
weight of water supplied by jacket-pump X total heat of steam of 
boiler-pressure reckoned from temperature of jacket-water + weight 
of any other water supplied x total heat of steam reckoned from its 
temperature of supply. The total heat of the steam is corrected for 
the moisture or superheat which the steam may contain. No allow- 
ance is made for water added to the feed-water, which is derived 
from any source, except the engine or some accessory of the engine. 
Heat added to the water by the use of a fiue-heater at the boiler is 
not to be deducted. Should heat be abstracted from the flue by 
means of a steam reheater connected with the intermediate re- 
ceiver of the engine, this heat must be included in the total quantity 
supplied by the boiler. 

Leakage Test of Pump.—tThe leakage of an inside plunger (the 
only type which requires testing) is most satisfactorily determined by mak- 
ing the test with the cylinder-head removed. A wide board or plank may 
be temporarily bolted to the lower part of the end of the cylinder, so as to 
hold back the water in the manner of a dam, and an opening made in the 
temporary head thus, provided for the reception of an ove stale The 
piunger is blocked at some intermediate point in the stroke (or, i iS posi- 
tion is not practicable, at the end of the stroke), and the water from the 
force main is admitted at full pressure behind it. The leakage escapes 
through the overfiow-pipe, and it is collected in barrels and measured. The 
test should be made, if possible, with the plunger in various positions. 

In the case of a pump so planned that it is difficult to remove the cylinder- 
head, it may be desirable to take the leakage from one of the openings 
which are provided for the inspection of the suction-valves, the head being 
allowed to remain in place. : 

Itis assumed that there is a practical absence of valve leakage. Exami- 
nation for such leakage should be made, and if it occurs, and it is found to 
be due to disordered valves, it should be remedied before making the plunger 
test. Leakage of the sea rept valves will be shown by water passing down 
into the empty cylinder at either end when they are under pressure. Leak- 
age of the suction-valves will be shown by the disappearance of water which 
covers them. 

If valve leakage is found which cannot be remedied the quantity of water 
thus lost should also be tested. One method is to measure the amount of 
water required to maintain a certain pressure in the pump cylinder when 

his is introduced through a pipe temporarily erected, no water being al- 

lowed to enter through the discharge valves of the pump. 

Table of Data and Results.—In order that uniformity may be se- 
cured, it is suggested that the data and results, worked out in accordance 
with the standard method. be tabulated in the manner indicated in the fol- 
lowing scheme : 


DUTY TRIAL OF ENGINE, 


DIMENSIONS. 
. Number of steam-cylinders.............222ccceceeces sc eeesecense 


1 

2. 
3. 
4. 
5. 
6. 
7. 


BOULCES 02. eee rece eeeeees sneereeeeeeeeserecreeessesssscerenses GOZS, 
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FEED-WATER. 
16. Weight of water supplied to boiler by main feed-pump........ Ibs, 
17. Weight of water supplied to boiler from various other sources, Ibs, 
18. Total weight of feed-water supplied from al! sources. Say elsjee evs LUBs 


2 


PRESSURES. 
19. Boiler pressure indicated by gauge.... ecasevcscersescencecesess » IDS 
20. Pressure indicated by gauge on force main........ Rathore + Ibs. 
Cetales eae Wiesbeese 48, 
Pressure corresponding to vacuum given in preceding line..... Ibs. 
#8. Vertical distance between the centres of the two gauges....... ins. 
24, Pressure equivalent to distance between the two gauges,...... Ibs, 
MISCELLANEOUS DATA. 
25. Duration of trial....... reallocate Rea een seme Wdbis ne wine tieseleh epee nrs, 
26. Total number of single strokes during ‘trial. ith . 3: 2eee eee 4 
27, Percentage of moisture in steam supplied to engine, or number 
of degrees of superheating....... ancora wisi aeeeaiaey ssssesees % OF deg, 
28. Total leakage of pump during trial, determined from results of 
leakage test....... Or ene eeee ster saves ReaiSmtaaia esate s ably ee . Ibs. 
29. Mean effective pressure, measured from diagrams taken from 
steam-cylinders ...... Wa spies alestbies aymaietatare a0, 0s paieie'y ein sle'sieinisiaelal AMES 
PRINCIPAL RESULTS, 
80) "Duty cee cncsae De araiae CeOPabiaeinarislse nis 56 Ma siienis eipipicoine ce . ft. Ibs, 
31. Percentage of leakage...... NO 
Oo WADAGILY Stacia sc yon ea oe SBC REMAN raat ++» gals, 
33, Percentage of total friction............-.sseccsce ll, Weiapie sine 
ADDITIONAL RESULTS, 
34. Number of double strokes of steam-piston per minute ...... i 
35. Indicated horse-power developed by the various steam-cylinders I,H.P, 
36. Feed-water consumed by the plant per hour..... ..... Shia -. lbs. 
37, Feed-water consumed by the plant per indicated horse-power 
per hour, corrected for moisture in steam. ............... «- IDs. 
88, Number of heat units consumed per indicated horse-power 
DeMnour dies. yee « BTU, 
39. Number of heat er 
DOF MUNNCOT.27-s eves Hensel: Resta RES Oey Ben emule B.T,U. 


41. Proportion which steam accounted for by indicator bears to 


the feed-water consumption...... ................... ssiniea isa 
42. Number of double strokes of pump per minute.. ... 0 0.2.2... 
43. Mean effective pressure, measured from pump diagrams ...... M.E.P. 
44. Indicated horse-power exerted in pump-cylinders....... ....,. LHP. 
45. Work done (or duty) per 100 Ibs, of coal ._. teeecscsee wocsssceee ft. IDS, 


SAMPLE DIAGRAM TAKEN FROM STEAM-CYLINDERS, 
(Also, if possible, full measurement of the diagrams, embracing pressurea 
at the initial point, cut-off, release, and compression ; also back pressure, 
and the proportions of the stroke completed at the various points noted.) 


SAMPLE DIAGRAM TAKEN FROM PUMP-CYLINDERS, 


aes are not necessary to the main object, but it is desirable to give 
em, 
DATA AND RESULTS OF BOILER TEST. 


(In accordance with the scheme recommended by the Boiler-test Com- 
mittee of the Society.) 


VACUUM PUMPS—AIR-LIFT PUMP. 


The Pulsometer,—In the pulsometer the water is raised by suction 
into the pump-chamber by the condensation of steam within it, and is then 
forced into the delivery-pipe by the pressure of a new quantity of steam on 
the surface.of the water. Two chambers are used which wor! alternately, 
one raising while the other is discharging. 

Test of a Pulsometer.—A test of a pulsometer is described by De Volson 
Wood in Trans, A. S. M. E. xiii. It had a 34-inch suction-pipe, stood 40 in, 
high, and weighed 695 lbs. 

The steam-pipe was 1 inch in diameter. A throttle was placed about 2 feet 


Sodan x 
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from the pump, and pressure gauges placed on both sides of the throttle, 
and a mereury well and thermometer placed beyond the throttle. The wire 
drawing due to throttling caused superheating. 
The pounds of steam used were computed from the increase of the tem 
perature of the water in passing through the pump. 
Pounds of steam xX loss of heat = Ibs, of water sucked in X increase of temp. 
The loss of heat in a pound of steam is the total heat in a pound of satu- 
rated steam as found from ‘‘steam tables” for the given pressure, plus the 
heat of superheating, minus the temperature of the discharged water ; or 


Ibs. water X increase of temp. 
H — 0.48% — T. 


igh 
The results for the four tests are given in the following table : 


Pounds of steam = 


Number of Test. 
Data and Results. 
1 2 3 4 
Strokes per minute ................ vel 60 57 64 
Steam press.in pipe before throttl'g 114 110 127 104.3 
Steam press. in pipe after throttlg 19 30 43.8 26.1 
Steam temp. after throttling,deg.F.| 270.4 277 309.0 270.1 
Steam am/‘nt of su neat och 3.1 3.4 17.4 1.4 
Steam used as det'd from temp.,lbs. 1617 931 1518 1019.9 
Water pumped, Ibs..............-.. 404,786 186,362 | 228,425 | 248,053 
Water temp.before entering pump, 75.15 80.6 76.3 70.25 
Water temp., rise of................ 4.47 5.5 7.49 4.55 
Water hi by gauge on lift, ft.... 29.90 54.05 54.05 29.90 
Water head by gauge on suction... 12.26 12.26 19.67 19.67 
Water head by gauge, total (H)....| 42.16 66.31 73.72 | 49.57 
Water head by measure, total (h).. 32.8 57.80 66.6 41.66 
Coeff. of friction of plant (hk) + (A) 0.777 0.877 0.911 0.839 
Efficiency of pulsometer........... 0.012 0.0155 0.0126 0.0138 
Effic. of plant exclusive of boiler... 0.6093 0.0136) 0.0115 0.0116 
Effic. of plant if that of boiler be 0.7 0.0065) 5 008 008: 


0.009) 0.0080 0.0081 
Duty, if 1 lb.evaporates 10 Ibs. water) 10,511,400] 13,391,000] 11,059,000} 12,036,300 


Of the two tests having the highest lift (54.05 ft,), that was more efficient 
evhich had the smaller suction (12.26 ft.), and this was also the most efficient 
of the four tests. But, on the other hand, the other two tests having the 
same lift (29.9 ft.), that was the more efficient which had the greater suction 
(19.67), so that no law in this regard was established. The pressures used, 
19, 30, 43.8, 26.1, follow the order of magnitude of the total heads, but are 
not proportional thereto. No attempt was made to determine what press- 
ure would give the best efficiency for any particular head. The pressure used 
was intrusted to a practical runner, and he judged that when the pump was 
running regularly and well, the pressure then existing was the proper one, 
It is peculiar that, in the first test, a pressure of 19 lbs. of steam should pro- 
duce a greater number of strokes and pump over 50% more water than 26.1 
ibs., the lift being the same, as in the fourth experiment, 

Chas. EB. Emery in discussion of Prof. Wood’s paper says, referring to 
tests made by himself and others at the Centennial Exhibition in 1876 (see 
Report of the Judges, Group xx.), that a vacuum-pump tested by him in 
1871 gave a duty of 4.7 millions; one tested by J. F. Flagg, at the Cincinnati 
Exposition in 1875, gave a maximum duty of 3.25 millions. Several vacuum 
ana small steam-pumips, compared later on the same basis, were reported 
to have given duties of 10 to 11 millions, the steam-pumps doing no better 
than the vacuum-pumps. Injectors, when used for lifting water not re- 
quired to be heated, have an efficiency of 2 to 5 millions; vacuum-pumps 
vary generally between 3 and 10; small steam-pumps between 8 and 15; 


' 


larger steam-pumps, between 15 and 30, and pumping-engines between 307 


and 140 millions. 
A very high record of test,of a pulsometer is given in Eng’g, Nov. 24, 1893, 


|p. 639, viz.: Height of suction 11.27 ft. ; total height of lift, 102.6 ft. ; hori- 


zontal length of delivery-pipe, 118 ft. ; quantity delivered per hour, 26,188 
British gallons. Weight of steam used per H. P. per hour, 92.76 lbs. ; work 
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done per pound of steam 21,345 foot-pounds, equal to a duty of 21,345,000 
dont-poun p= 100 lbs. of coal, if 10 Ibs of steam were generated per 
pound of coal. 

The Jet-pump.—tThis machine works by means of the tendency of a 
stream or jet of fluid to drive or carry contiguous particles of fiuid along 
with it, The water-jet erg in its present form, was invented by Prof. 
James Thomson, and frst escribed in 1852, In some experiments on a 
small scale as to the efficiency of the jet-pump, the greatest efficiency was 
found to take place when the depth from which the water was drawn by the 
suction-pipe was about nine tenths of the height. from which the water fell 
to form the jet ; the flow = Y the suction-pipe being in that case about one 
fifth of that of the jet, and the efficiency, consequently, 9/10 x 1/5 = 0.18. 
This is but a low efficiency; but it is probable that it may be increased by 
improvements in proportions of the machine. (Rankine, S, = : 

The Injector when used as a pump has a very low é: ciency. (See 
Injectors, under Steam-boilers.) 

Air= Pump,.—the air-lift pump consists of a vertical water-pipe 
with its lower end submerged in a well, and a smaller pipe delivering air 
into itat the bottom. The rising column in the pipe consists of air mingled 


with water, the air being in bubbles of various sizes, and is therefore lighter ~ 


than a column of water of the same height; consequently the water in the 
pipe is raised above the level of the surrounding water. This method of 
raising water was proper as early as 1797, by Loescher, of Freiberg, and 
was mentioned by Collon in lectures in Paris in 1876, but its first practical 
application probably was by Werner Siemens in Berlin in 1885. Dr. J. G. 
Pohle experimented on the principle in California in 1886, and U. S. patents 
on apparatus involving it were granted to Pohle and Hillin the same year. 
A paper describing tests of the air-lift pump made by Randall, Browne and 
Behr was read before the Technical Society of the Pacific Coast in Feb. 1890, 

The diameter of the pump-column was 3 in., of the air-pipe 0.9 in., and 
of the air-discharge nozzle 5g in. The air-pipe had four sharp bends and a 
length of 35 ft. plus the depth of submersion. 

The water was pumpeé@ from a closed pipe-well (55 ft. deep and 10 in. in 
diameter). The efficiency of the pump was based on the least work theo« 
retically Line Pv to compress the air and deliver it to the receiver. If the 
efficiency of the compressor be taken at 70%, the efficiency of the pump and 
pompressor together would be 70% of the efficiency found for the pump 

one. 

For a given submersion (h) and lift (H), the ratio of the two being kept 
within reasonable limits, (H) being not much greater than (h), the efficiency 
was greatest when the pressure in the receiver did not greatly exceed the 
head due to the submersion. The smaller the ratio H +h, the higher wag 
the efficiency. 5 Se’ tires 

The pump, as erected, showed the following efficiencies : 

ForH+h= 0.5 1.0 1.5 2.0 
ciency = 50% 40% 304 25% 

The fact that there are absolutely no moving parts makes the 
especially fitted for handling dirty or gritty water, sewage, mine water, 
and acid or alkali solutions in chemical or metallurgical works. 

In Newark, N. J., pumps of this type are at work having a total capacity 
of 1,000,000 gallons daily, lifting water from three &-in. artesian wells, The 
Newark Chemical Works use an air-lift pump to raise sulphuric acid of 1.72? 
gravity. The Colorado Central Consolida Mining Co., in one of its mines 
at Georgetown, Colo., lifts water in one case 250 ft., using a series of lifts. 

For a full account of the theory of the pump, and details of the tests 
above referred to, see Engg News, June 8, 1893. 


THE HYDRAULIC RAM, 


Efficiency.—The hydraulic ram is used where a considerable flow of — 


water with a moderate fall is available, to raise a small portion of that flow 
toa potent exceeding that of the fall. The Sen ate As rules given by 
Eytelwein as the results of his experiments (from Ran ie): 

Let Q be the whole supply of water in cubic feet per second, of which q is 


lifted to the height h above the sega and Q — q runs to waste at the depth | 4 


H below the pond; L, the length of the s ly-pipe, from the pond to the 
waste-clack ; D, its diameter in fects than Fe 


D= VUBQ; L=H+h+ bx tect; 
Volume of air vessel = volume of feed pipe; 


4 
: 
4 
4 
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4 h h h 
Efficiency, — _ = 112 ~0.24/% a 
iency, @- oH 1.12 0.2 4/2 anen } does not exceed 20 
or “ 
1+ (1475) nearly, when 2 does not exceed 12, 


D’Aubuisson gives path) = 1,42 — 28 
QH Ez 


Clark, using five sixths of the values given by D’Aubuisson’s formula,gives: 


Ratio of lift to fall..... 4 6 8 10 12 14 16 18 20 22 24 26 » 
Efficiency per zent..... 7 61 52 44 37 31 2 19 149 4 0 r 


Prof. R. C. Carpenter (Eng’g Mechanics, 1894) reports the results of four 
tests of a ram constructed by Rumsey & Co., Seneca Falls. The ram was 
fitted for pipe connection for 114-inch supply and 14-inch discharge. The 
su pply-pipe used was 1} inches in diameter, about 50 feet long, with3 elbows, 
so that 1b was equivalent to about*65 feet ot straight pipe, so far as resist- 
ance is concerned. Each run was made with a different stroke for the waste 
or clack-valve, the supply and delivery head being constant; the object of 
the experiment was to find that stroke of clack-valve which would give the 
highest efficiency. 


Length of stroke, per cent....... Ditwelctsee 100 80 60 46 
Number of strokes per minute............-] 52 56 61 66 
eueply. head, feet of water...............0.) 5.67 5.77 5.58 5.65 
Delivery head, feet of water......«sseecse- 19.75 | 19.75 | 19.75 | 19.75 


Total water pamped, POUNDS, .« ov ceesesenesi|y ied 296 301 297 
Total water supplied, pounds............-..}| 1615 1567 1518 | 1455. 
Efficiency, per cent...........- op devine Sie ce OED) 66 74.9 70 


The efficiency, 74.9, the highest realized, was obtained when the clack-valve 
gcse <4 distance equal to 60% of its full stroke, the full travel being 15/16 
of one inch. 

Quantity of Water Delivered by the Hydraulic Ram. 
(Chadwick Lead Works.)—From 80 to 100 feet conveyance, one seventh of 
supply from spring can be discharged at an elevation five times as high as 
the fall to supply the ram; or, one fourteenth can be raised and discharged 
say ten times as high as the fall applied. 

Water can be conveyed by a ram 3000 feet, and elevated 200 feet. The 
drive-pipe is from 25 to 50 feet long. — 4 

The following table gives the capacity of several sizes of rams, the dimen- 
sions of the pipes to be used, and the size of the spring or brook to which 
they are adapted: 


Caliber of { Weight of Pipe (Lead), if Wrought 
Pipes. Tron, then of Ordinary Weight. 

Quantity of Waterss anf oe tee a a ee 

Furnished per Discharge- 


Size of |Min. by the Spring; P) . _| pipe for 
Ram, | or Brook to which 2 Dee Wierd i over 50. ft. « 
: the Ram is $ | & for fall not| over 50 ft, [204 not ex- 
Adapted. 2 |over10ft.| rise. ceeding 
Be = 100 ft. in 
a A height. 


Gals. per min. |inch.| inch.| per foot. | per foot. | per foot. 
to 2 2 Ibs. ozs. } 1 Ib. 


ie s 
alas 1%" 4 ibd 3% e118 4oga - 
a 4 3 $55 14 Bist 122 6 11 * 402s 
aes: 5 6 “14 2 4, 8 45 ap Ba oa 

= 8 120 8% BA | tug lta weed aise Les 

“se 20 “ 40 2 

“10 5 75 \ el ae lee Bg « 
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HYDRAULIC-PRESSURE TRANSIMMISSION. 


Water under high pressure (700 to 2000 Ibs, per square inch and upwards} 
affords a very satisfactory method of transmitting power to a distance, 
especially for the movement of heavy loads at small velocities, as by cranes 
and elevators. The system consists usually of one or more pumps capable 
of developing the required pressure; accumulators, which are vertical cylin- 
ders with heavily-weighted plungers passing through stuffing-boxes in the 
upper end, by which a quantity of water may be accumulated at the pres- 
sure to which the plunger is weighted; the distributing-pipes; and the presses, 
cranes, or other machinery to pe operated. 

The earliest important use of hydraulic pressure probably was in the 
Bramah hydraulic press, patented in 1796. Sir W. G. Armstrong in 1846 was 
one of the pioneers in the adaptation of the hydraulic system to cranes. The 
use of the accumulator by Armstrong led to the extended use of hydraulic 
machinery, Recent developments and applications of the system are largely 
due to Ralph Tweddell, of ondon, and Sir Joseph Whitworth, Sir Henry 
Bessemer, in his patent of May 13, 1856, No. 1292, first suggested the use of 
hydraulic pressure for compressing steel ingots while in the fluid state, 

The Gross Amount of Energy of the water under pressure stored 
in the accumulator, measured in foot-pounds, is its volume in cubic feet Ne 
its pressure in pounds per square foot. The horse-power of a given quantity 
steadily flowing is H.P. = mee = .2618pQ, in which Q is the quantity flowing 
in cubie feet per second and p the pressure in pounds per square inch. 

The loss of energy due to velocity of flow in the pipe is calculated as fol. 
lows (R, G. Blaine, 4ing’g, May 22 and June 5, 1891): 


According to D’Arcy, every pound of water loses eo times its kinetio 
energy, or energy due to its velocity, in passing along a straight pipe Z feet 
in length and D feet diameter, where A is a variable Coefficient. For clean 
cast-iron pipes it may be taken as A = 005 é + ap) or for diameter in 
inches = d, 

[2 ieee Se et} 8 haben) 6 a 8 9 10. 12 
A= .015 .01 .0075 .00667 .00625 .006 .00583 -00571 .00568 .00556 .0055 .00549 


2 
The loss of energy per minute is 60 x 62.369 RE Es am and the horse: , 


D 2g 
: ~ . . ate 3 
power wasted in the pipe is W = a si , in which A varies with the 


diameter as above. p = pressure at entrance in pounds per square inch, 
alias of .6368A for different diameters of pipe in inches Bek ih 


i 2 3 5 8 9 10 12 
00954 .00636 00477 .00424 .00398 .00382 .00371 00363 .00358 .00353 -00350 .00345 
Efficiency of Hydraulic Apparatus.—The useful effect of a 


given as the cncen ey of a ram with chain-and-pulley multiplying gear 
properly proportioned a 
Multiplying.... 2t01 4to1 6to 1 8to1 10to1 12to1 14to1 16to 1 
ficiency %.... 80 %6 92 67 63 59 54 50 
With large sheaves, small steel pins, and wire rope for multiplying gear 
the efficiency has been found as high as 662 fora multiplication of 20 to 1. 
ay: oars gives the following formula for effective pressure in cranes 
= accumulator pressure in pounds per square inch; 
m = ratio of multiplying power: 


# = effective pressure in pounds per square inch, including all allowances 


for friction; 
EH = P(.84 — .02m). 

_J. E, Tuit (Zng’g, June 15, 1888) describes some experiments on the fric. 
tion of hydraulic jacks from 814 to 135¢-inch daemon, fitted with cupped 
leather packings. The friction loss varied from 5.6% to 18.8% according to 
the condition of the leather, the distribution of the load on the ram, ete. 
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Thickness of Hydraulic Cylinders.—From a table used by Sir 
W. G. Armstrong we take the following, for cast-iron cylinders, for an in- 
terior pressure of 1000 lbs. per square inch; 

Diam. of cylinder, inches.. 2 6 8 10 12 16 20 2% 
Thickness, inches.......... 0.832 1.146 1.552 1.875 2.222 2.578 3.19 8.69 4.11 

For any other pressure multiply by the ratio of that pressure to 1000. 
These figures correspond nearly to the formula t = 0.175d +- 0.48, in which 
t = thickness and d = diameter in inches, up to 16 inches diameter, but for 
20 inches diameter the addition 0.48 is reduced to 0.19 and at 24 inches it 
disappears. For formule for thick cylinders see page 287, ante. 

Cast iron should not be used for pressures exceeding 2000 lbs, per square 
inch. For higher pressures steel castings or forged steel should be used. 
For working pressures of 750 lbs. per square inch the test pressure should 
be 2500 lbs. per square inch, and for 1500 Ibs. the test pressure should not be 
less than 3500 Ibs. : 

Speed of Hoisting by Mydraulic Pressure.—The maximum 
allowable speed for warehouse cranes is 6 feet per second; for platform 
cranes 4 feet per second; for passenger and wagon hoists, heavy loads, 2 
feet per second. The maximum speed under any circumstances should 
never exceed 10 feet per second. 

The Speed of Water Through Valves should never be greater 
than 100 feet per second. 

Speed of Water Through Pipes.—Experiments on water at 1600 
Ibs. pressure per square inch flowing into a flanging-machine ram, 20-inch 
diameter, through a 14-inch pipe contracted at one point to 14-inch, gave a 
velocity of 114 feet per second in the pipe, and 456 feet at the reduced sec- 
tion. Through a 4-inch pipe reduced to 34-inch at one point the velocity 
was 218 feet per second in the pipe and 381 feet at the reduced section Ina 
}-inch pipe without contraction the velocity was 355 feet per second. 

For many of the above notes the author is indebted to Mr. John Platt, 
consulting engineer, of New York. 

High-pressure Hydraulic Presses in Iron=works are de- 
scribed by R. M. Daelen, of Germany, in Trans, A. I. M. EB. 1892. The fol- 
lowing distinct arrangements used in different systems of high-pressure 
hydraulic work are discussed and illustrated: 

1. Steam-pump, with fly-wheel and accumulator. 

2. Steam-pump, without fly-wheel and with accumulator. 

8. Steam-pump, without fly-wheel and without accumulator, 

In these three systems the valve-motion of the working press is operated 
in the Digh pecseare column. Thisis avoided in the following: 

‘4, Single-acting steam-intensifier without accumulator. 

5, Steam-pump with fly-wheel, without accumulator and with pipe-circuit. 

6. Steam-pump with fly-wheel, without accumulator and without pipe- 
circuit. 

The disadvantages of accumulators are thus stated: The weighted plungers 
which formerly served in most cases as accumulators, cause violent shocks 
in the pipe-line when changes take place in the movement of the water, 
so that in many places, in order to avoid bursting from this cause, the pipes 
are made exclusively of forged and bored steel. The seats and cones of the 
metallic valves are cut by the water (at high speed), and in such cases only 
the most careful maintenance can prevent great losses of power. 

Hydraulie Power in London.—The general principle involved 
is pumping water into mains laid in the streets, from which oe 
are carried into the houses to work lifts or three-cylinder motors when 
rotatory power is required. In some cases a small Pelton wheel has been 
tried, working under a pressure of over 700 lbs, on the square inch. Over 55 
miles of hydraulic mains are at present laid (1892). 

The reservoir of power consists of capacious accumulators, loaded to a 
pescure of 800 lbs. per square inch, thus producing the same effect as if 

large supply-tanks were placed at 1700 feet above the street-level. The 
water is taken from the Thames or from wells, and all sediment is removed 
therefrom by filtration before it reaches the main engine-pumps, 

There are over 1750 machines at work, and the supply is about 6,500,000 

gallons per week. 

It is essential that the water used should be clean, The storage-tank ex- 
tends over the whole boiler-house and coal-store. The tank is divided, and 

'& certain amount of mud is deposited here. It then passes through the sur- 
‘face condenser of the engines, and it is turned into a set of filters, eight in 
jpumber, The body of the filter is a cast-iron cylinder, gontaining a layer of 
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head tank. After passing through the filters the clean effluent is pumped 
into the clean-water tank, from which the pum ping-engines derive their 
supply. The cleaning of the filters, which is done at intervals of 24 hours, is 
effected so thoroughly in situ that the filtering material never requires to be 


cylinders are 15-inch, 22-inch, 36-inch X 24-inch. Each cylinder drives a 
single plunger-pump with a 5-inch ram, secured directly to the cross-head, 
the connecting-rod being double to clear the pump. The boiler-pressure is 


heavy pressure; but the valves work silently and without perce alts shock, 

The consumption of steam is 14.1 pounds per horse per 

The water delivered from the main pumps passes into the accumulators. 
The rams are 20 inches in diameter, and have a stroke of 23 feet. They are 
each loaded with 110 tons of sl. , contained in a wrought-iron cylindrical 
box suspended from a cross-head on the top of the ram. 

One of the accumulators is loaded a little more heavily than the other, so 
that they rise and fall successively; the more heavily loaded actuates a sto: 
valve on the main steam-pipe. If the engines supply more water than is 
wanted, the lighter of the two rams first rises as far as it can go; the other 
then ascends, and when it has nearly reached the top, shuts off steam and 
checks the supply of water automatically, > ; 

The mains in the public streets are so constructed and laid as to be per- 
fectly trustworthy and free from leakage. 

Every pipe and valve used throughout the system is tested to 2500 Ibs. per 
square inch before being placed on the ground and again tested to a reduced 


_ The average rate obtained by the company is about 3 shillings per thou- 
sand gallons. The principal use of the power is for intermittent work in cases 
where direct pressure can be employed, as, for instance, passenger elevators, 
cranes, presses, warehouse hoists, ete. 

An important use of the Sycreulie power is its application to the extin- 
guishing of fire by means o Greathead’s injector hydrant. By the use of 
these hydrants a continuous fire-engine is available. q 

Hydraulic Rivetine-machines,.—Hydraulic riveting was intro- 
duced in England by Mr. R. H. Tweddell. Fixed riveters were first used about 
1868. Portable riveting-machines were introduced in 1872. 


Liverpool, dispenses with the necessity of accumulators, It consists of a 
three-throw pump driven by shafting or worked by steam, and depends 
partially upon the work accumulated in a heavy fly-wheel. The water in its 
*passage from the pumps and back to them is in constant circulation at a 
very feeble pressure, requiring a minimum of power to preserve the tube of 
water ready for action at the desired moment, when by the use of a tap the 
current is stopped from going back to the pumps, and is thrown upon the 
piston of the tool to be set in motion, The water is now confined, and the 
driving-belt or steam-engine, supplemented by the momentum of the heavy 
fly-wheel, is employed in closing up the rivet, or bending or forging the ob- 
Ject subjected to its operation. 
Mydraulic Forging.—In the production of heavy forgings from 
As that the mass of metal should be 
operated on as equally as possible throughout its entire thickness. When 


of the mass to the rapid motion of the falling hammer—a disad vantage that 
is entirely overcome by the slow, though powerful, compression of the 
hydraulic forging-press, which appears destined to supersede the steam- 
hammer for the production of massive steel forgings, 
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In the Allen forging-press the force-pump and the large or main cylinder 
of the press are in direct and constant communication. There are no inter- 
Mediate valves of any kind, nor has the pump any clack-valves, but it 
simply forces its eylinder full of water direct into the cylinder of the press, 
and receives the same water, as it were, back again on the return stroke. 
Thus, when both cylinders and the pipe connecting them are full, the large 
ram of the press rises and falls simultaneously with each stroke of the 
pump, keeping up a continuous oscillating motion, the ram, of course, 
travelling the shorter distance, owing to the larger capacity of the press 
eylinder. (Journal lron and Steel Institute, 1891. See also illustrated article 
in “ Modern Mechanism,” 668.) 

’ _ Fora very complete illustrated account of the development of the hy- 
ange forging-press, see a paper by R. H. Tweddell in Proc. Inst. C. E., vol. 
exvii. 1993-4. 

Mydraulic Forging=press,—A 2000-ton forzing-press erected at 
the Couillet forgesin aR described in Eng. and M. Jour., Nov. 25, 1893. 

The press is com essentially of two parts—the press itself and the 
compressor. The compressor is formed of a vertical steam-cylinder and a 
hydraulic cylinder. The piston-rod of the former forms the piston of the 
latter, The hydraulic piston discharges the water into the press proper. 
The distribution is made by a cylindrical balanced valve; as soon as the 
pressure is released the steam-piston falls automatically under the action of 
gravity. During its descent the steam passes to the other face of the piston 
to reheat the cylinder, and finally escapes from the upper end. 

When steam enters under the piston of the compressor-cylinder the pis- 
ton rises, and its rod forces the water into the press proper. The pressure 
thus exerted on the piston of the latter is transmitted through a cross-head 
te the forging which is upon the anyil. To raise the cross-head two small 
single-acting steam-cylinders are used, their piston-rods being connected to 
the cross-head; steam acts only on the pistons of these cylinders from below. 
‘The admission of steam to the cylinders, which stand on top of the press 
frame, is regulated by the same lever which directs the motions of the com- 
pressor. The movement given to the dies is sufficient for all the ordinary 
purposes of forging. 

A speed of 30 blows per minute has been attained. A double press on the 
same system, having two compressors and giving a maximum pressure of 
€000 tons, has been erected in the Krupp works, at Essen. 

. She Aiken intensifier. (iron Age, Aug. 1890.)—The object of the 
Machine is to imerease the pressure obtained by the ordinary accumulator 
which is necessary to operate powerful hydraulic machines requiring very 
high pressures, without increasing the pressure carried in the accumulator 
and the general hydraulic system. 

The Aiken Intensifier consists of one outer stationary cylinder and one 
inner cylinder which moves in the outer cylinder and on a fixed or stationary 
hollow plunger. When operated in connection with the hydraulic bloom- 
shear the method of working is as follows: The inner cylinder having been 
filled with water and connected through the hollow plunger with the hydrau- 
lie cylinder of the shear, water at the ordinary accumulator-pressure is ad- 

_ mitted into the outer cylinder, which being four times the sectional area of 

the plunger gives a pressure in the inner cylinder and shear cylinder con- 

nected therewith of four times the accumulator-pressure—that is, if the ac-. 
eumuleator-pressure is 500 —— square inch the pressure in the intensifier 


Hydraulie Engine driving an Air-compressor and a 


—— engines, which are provided with a bronze lining, have a 1334-inch 
we. The stroke is 4734 inches, with a pressure of water on the piston 


to 3134 in diameter, and have 473¢-inch stroke. Each of the four cylin- 
ders requires 8 power equal to 280 horse-power. The compressed air is de- 
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livered into huge reservoirs, where a uniform pressure fs kept up by means 
of « suitable water-column, 

he Hydraulic Forging Plant at Bethlehem, Pa., is de- 
Scribed in a paper by R. W, Davenport, read before the Society of Naval 
Engineers and Marine Architects, 1893. It includes two hydraulic forging. 
presses complete, with engines and pumps, one of 1500 and one of 4500 tons 
capacity, together with two Whitworth hydraulic travelling forging-cranes 
and other necessary appliances for each press; and a complete fluid-compres- 


travelling crane for Serving it (the upper and lower heads of this press 
weighing respectively about 135 and 120 tons). 

A new forging-press has been designed by Mr. John Fritz, for the Bethle- 
hem Works, of 14,000. tons capacity, to be run by engines and pumps of 15,000 
horse power. The plant is served by four open-hearth steel furnaces of a 
united capacity of 120 tons of steel per heat. 

Some References on Hydraulic Transmission.—Reuleaux’s 
‘Constructor 3” “ Hydraulic Motors, Turbines, and Pressure-engines,” G. 
Bodmer, Loudon, 1889 ; Robinson's “Hydraulic Power and Hydraulic Ma. 
chinery,”? London, 1888 ; Colyer’s “ Hydraulic Steam, and Hand-power Lift- 
ing and Pressing Machinery,” London, 1881. See also Engineering (London), 
Aug. 1, 1884, p. 99, March i3, 1885, p. 262; May 22 and June 5, 1891, pp. 612, 
665; Feb. 19, 1892, p, 25; Feb, 10, 1893, p. 170, 
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part in the solid state and part in the gaseous state (CO +O = 08) F ue lat= 
y the re. 
action COg +C =2C0O. Carbonic oxide, CO, is produced when the supply 


(2) Hydrocarbons, such as olefiant gas, pitch, tar, naphtha, ete., all of 
which must pass into the gaseous state before being burned, " 


a transparent blue flame, producing carbonic acid and Steam. When mixed 


If the disengaged carbon is cooled below the temperature of ignition be. 
fore coming in contact with oxygen, it constitutes, while floating in the gas, 
smoke, and when deposited on solid bodies, soot. 

But if the disengaged carbon is maintained at the temperature of ignition, 
and supplied with oxygen sufficient for its combustion, it burns while float 
ing in the inflammable gas, and forms red, yellow, or white flame. The flame 
from fuel is the larger the more slowly its combustion is effected. The 

, lame itself is apt to be chilled by radiation, as into the heating surface of a 
steam-boiler, so that the combustion is not completed, and part of the gas 
and smoke pass off unburned, ; 

(8) Oxygen or hydrogen either actually forming water, or existing in 
combination with the other constituents in the proportions which form water, 


actually or virtually present in each pound of fuel is so great as to make its 
latent heat of evaporation worth ene nae that heat is to be deducted : 


(5) Sulphuret of iron, which exists in coal and is detrimental, as tending 
to cause spontaneous combustion. 

(6) Other mineral compounds of various kinds, which are also inert, and 
form the ash left after complete combustion of the fuel, and also the @linker 
or glassy material produced by fusion of the ash, which tends to choxe the 
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Total Heat of Combustion of Fuels, (Rankine.)}—The follow- 
ing tabie shows the total heat of combustion with oxygen of one pound of 
each of the substances named in it, in British thermal units, and also in 
Ibs. of water evaporated from 212°. It also shows the weight of oxygen re- 
quired to combine with each pound of the combustible and the weight of 
air necessary in order to supply that oxygen. The quantities Of heat are 
given on the authority of MM. Favre and Silbermann, 


Lbs. Oxy- Total Brit Evapora- 
y F gen per |Lb, Air| ~ O°) OTIC tive Power 
Conbucsieies 1b. Com-|(about).| ish Heat- |'p.om g190 
bustible. F., lbs. 
Hy drogen: gas) cccists sismnd i ncviacins 8 36 62,082 64.2 
Warbon imperfectly burned so as 
to make carbonic oxide,......... 1% 6 4,400 4.55 
Carbon perfectly burned so as to 
make Carbonic acid..............| 2% 12 14,500 15.0 
Olefiant, gas, 1 Ibo. .cccersteecceess| 83/% 15 3/7 21,844 22.1 
from 21,700/from 2213 


Various liquid hydrocarbons, 1 lb.|.......... reer to 195000! to 20 
> 


Carbonic oxide, as much as is made 
by the imperfect combustion of| +114 
1 lb. of carbon, viz., 244 lbs...... 


6 10,000 10.45 


The imperfect combustion of carbon, making carbonic foxide, produces 
less than one third of the heat which is yielded by the complete combustion. 

The total heat of combustion of any compound of hydrogen and carbon 
is nearly the sum of the quantities of heat which the constituents would pro- 
duce separately by their combustion. (Marsh-gas is an exception.) 

In computing the total heat of combustion of compounds containing oxy- 
gen as well as hydrogen and carbon, the following principle is to be 
observed: When hydrogen and oxygen exist in a compound in the proper 
proportion to form water (that is, by weight one part of hydrogen to eight 
of oxygen), these constituents have no effect on the total heat of combus- 
tion. If hydrogen exists ina greater proportion, only the surplus of hydro- 
zen above that which is required by the oxygen is to be taken into account. 

The following is a generalformula (Dulong’s) for the total heat of combus- 
tion of any compound of carbon, hydrogen, and oxygen: 

Let C, H, and Obe the fractions of one pound of the compound, which 
consists respectively of carbon, hydrogen, and oxygen, the remainder being 
nitrogen, ash, and other impurities. Let h be the total heat of combustion 
of one pound of the compound in British thermal units, Then 


O 
h= 14,500 { O+-4.29( a — =) \. feces 
The following table shows the composition of those compounds which are 


of importance, either as furnishing oxygen for combustion, as entering into 
the composition, or as being produced by the combustion of fuel : 


sae ness es gee 
S32] S3— |gse| 838 
Names, S2$| Hoe [88s| 254 
B2S| gee jes) sas 
G8) Ese (C83) fob 
Abts se esecegessccieccoadseessesacvn:|..s dep OROL 00) IN TOLL O21 
H,0/H2 +016 18 |H2 Ts 
NH, /H38 +N} 17 |H3 LN 
CO pane ks 28 c+0 
Carbonic acid. CO, | C124+032] 44 c+02 
Oleflant gas............ses0s CH,/} 0 i2+H2 14 C+H2 
Marsh-gas or fire-damp....... -.| CHy ees 16 C+H4 
Sulphurous acid............. aia -| 80, | S$32+0 32] 64 
Su!lphuretted hydrogen.... .... -.| SH, yaa 34 


Sulphuret of carbon..... ....-.+2. + .- 5,0 6: TanherGilt c= Sead 
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Since eacn tb. or C requires 234 Ibs. of O to burn it to CO,, and air contains 
282 of O, by weight, 224 + 0.23 or 11.6 lbs. of air are required to burn 1b, of ©. 

Analyses of Gases of Combustion.—The following are selected 
from a large number of analyses of gases from locomotive boilers, to show 
the range of composition under different circumstances (P. H. Dudley, 
Trans, A. I. M. E., iv. 250): 


Test.|COg/CO} O }] N 


1 | 13.8) 2.5] 2.5) 81.6/No smoke visible. - y 

2 | 11.5)....) 6 | 82.5/Old fire, escaping gas white, engine working hard. 
3 8.5] ...| 8 | 83 |Fresh fire, much black gas, as leo S “ 

4 2.8/....]17.2] 80.5)/Old fire, damper closed, engine standing still 

5 5.7|....}14.7] 79.6] “© ** smoke white, engine working hard, 

6 8.4) 1.2) 8.4) 82. |New fire, engine not working hard. 

7 | 12 {1 | 4.4) 82.6/Smoke black, engine not working hard. 

8 3.4) ...]16.8| 76.8} ‘* dark, blower on, engine standing still, 

9 6 |....]18.5] 81.5] “* white, engine working hard. 


In analyses on the Cleveland and Pittsburgh road, in every instance 
when the smoke was the blackest, there was found the greatest Seer 
of unconsumed oxygen in the product, showing that something besides the 
mere presence for oxygen is required to effect the combustion of the volatile 
carbon of fuels. 

J. C. Hoadley (Trans. A.S. M. E., vi. 749) found as the mean of a great 
number of analyses of flue gases from a boiler using anthracite coal; 


CO2, 13.103 CO, 0.30; O, 11.94; N, 74.66. 


The loss of heat due to burning CO to CO instead of to CO, was 2.13%. The 
surplus oxygen averaged 113.3% of the O required for the é of the fuel, the 
average for different weeks ranging from 88.6% to 137%. 

Analyses made to determine the CO produced by excessively rapid firing 
gave results from 254% to 4.81% CO and 5.12 to 8.01% COy ; the ratio of Cin 
the CO to total carbon burned being from 43,80% to 48.55%. and the number of 
pounds of air supplied to the furnace per pouna of coal being from 33.2 to 
19.31bs. The loss due to burning C to CO was from 27.84% to 30.86 of the 
full power of the coal. 

Temperature of the Fire. (Rankine, S. E., p. 283.)—By temper. 
ature of the fire is meant the temperature of the products of combustion at 
the instant that the combustion is complete. The elevation of that temper- 
ature above the temperature at which the air and the fuel are supplied ta 
the furnace may be computed by dividing the total heat of combustion of 
one lb. of fuel by the weight and by the mean specific heat of the whole 
produets of combustion, and of the air employed for their dilution under 
constant pressure. The specific heat under constant pressure of these prod 
ucts is about as follows: A 

Carbonic-acid gas, 0.217; steam, 0.475; nitrogen (probably), 0.245; air, 
0,238; ashes, probably about 0.200. Using these data, the following results 
are obtained for pure carbon and for olefiant gas burned, respectively, first, 
in just sufficient air, theoretically, for their combustion, and, second, when 
an equal amount of air is supplied in addition for dilution. 


Products undiluted.| Products diluted. 
Fuel. 


Olefiant Olefiant 
Carbon. Gas: Carbon, Gnas 


J 
Total heat of combustion, per Ib... 14,500 21,300 14,500 21,800 
13 16.43 25 81.86 
Their mean specific heat -| 0.237 0.257 0.238 0.248 
oath 08 4.22 5.94 7.9 
4580° 5050° 2440° 2710° 


(The above calculations are made on the assumption that the specific 
heats of the gases are constant. but they probably increase with the in- 
crease of temperature (see Specific Heat), in which case the temperature 
would be less than those above given. The temperature would be further 


BEES Fw 


“er 


CLASSIFICATION OF FUEL. 623 


reduced by the heat rendered latent a the conversion into steam of any 
watei present in the fuel.] 

Rise of Temperature in Combustion of Gases, (Eng’g. 
March 12 and April 2, 1886.)—It is found that the temperatures obtained 
by experiment fall short of those obtained by calculation. Three theo- 
ries have been given to account for this: 1. The cooling: effect of the 
sides of the containing vessel; 2, The retardation of the evolution of heat 
caused by dissociation; 3. The increase of the specific heat of the gases at 
very high temperatures. The calculated temperatures are obtainable only 
on the condition that the gases shail combine instantaneously and simulta- 
neously throughout their whole mass, This condition is practically impos- 
sible in experiments. The gases formed at the beginning of an explosion 
diiute the remaining combustible lgases and tend to retard or check the 
combustion of the remainder. 


CLASSIFICATION OF SOLID FUELS. 
Gruner classifies solid fuels as follows (Zng’g and M’g Jour., July, 1874): 


(0) 
Ratio i Proportion of Coke or 


j Name of Fuel, Charcoal yielded b: 
1 orO+N*, the Dry Pure I Tuck: 
; H 
Pure cellulose...... 8 oF @ 0.30 
i Wood (cellulose and encasing matter)... if 30@ .36 
‘§ Peat and fossil fuel ............ ssi iinesis se 6@5 135 @ .40 
‘§ Lignite,t or brown coal........ Sessvee ey 5 oh 2 .50 
ig ©Bituminous Coals ..........e.seescosccs 4@1 .90 
i PARERURCIGe a sc sinctesteccsen etme tate G 1@0.% oo 92 


The bituminous coals he divides into five classes as below: 
FT 


Coens | Propor- 
omposition. OQ | tionof | Nature 
Ratio] Coke a 
Name of Type. OLN eels i eowe 
orcs Is- 
C. H. oO. H tilla- SOcEen, 
tion, 
es 1. Long, flaming ary} | les@adls. 5@4.0]19.5@15| 4@3_|0.50@.60) { Pulveru- 
2. Long ‘flaming fat Melted, 
or coking coals, -|80@85j5.8@5 |14.2@10} 8@2 | .60@.68 but 
or gas coals, friable. 
3. Caking fat coals, ee 
or blacksmiths’ ¢|84@89/5 @4.5 }11 @5.5 | 2@1 68@.'74 what 
coals, com- 
act, 
4. Short flaming fat elted; 
or caking coals, -|88@91|5.5@4.5| 6.5@5.5} 2 -74@.82|4 Voy 
coking coals, meet 
5. Lean or anthra- Pulvert 
citic coals, f pete tee 5.5@8 1 82@.90 { ues 


* The nitrogen rarely exceeds 1 per cent of the weight of the fuel. 
+ Not including bituminous lignites, which resemble petroleums. 
Rankine gives the following: The extreme differences in the chemical 
“composition and properties of different kinds of coal are very great. The 
F roportion of free carbon ranges from 380 to 93 per cent ; that of hydrocar- 
ons of various kinds from 6 to 58 pe cent; that of water, or oxygen and 
hydrogen in the proportions which form Water, from an inappreciably 
“small quantity to 27 per cent ; that of ash, from 116. to 26 per cent. 
The numerous varieties of coal may be divided into Ppcpel classes as 
‘follows; 1, anthracite coal; 2, semi-bituminous coal; 3, bituminous coal ; 
i. long flaming or cannel coal ; ; 5, lignite or brown coal, 
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Diminution of H and 0 in Series from Wood to Anthracite 
(Groves and Thorp’s Chemical Technology, vol, i., Fuels, p. 58.) 


Substance, Carbon, Hydrogen. Oxygen. 
Woody fibre. ........ Semeee rs 52.65 5.25 42.10 
Peat from Vulecaire....... 59.57 5.96 34.47 
Lignite from Cologne... 66.04 5.27 28.69 
Earthy brown coal ...... %3.18 5.88 21.14 
Coal from Belestat, secon - 75.06 5.84 19.10 
Coal from Rive de Gier......2.....0000777! 89.29 5.05 5.66 
Anthracite, Mayenne, transition formation 91.58 3.96 4.46 


Progressive Change from Wood to Graphite, 
(J. S. Newberry in Johnson’s Cyclopedia.) 


Lig- Bitumi- Anthra- Graph- 
Wood. Loss. es LOSs., ous coal, Loss: cite, Loss. Ay 
Carbon...... 49.1 18.65 30.45 12.35 18.10 35% 14,53 1.42 18.11 


Hydrogen... 6.3 3.25 3.05 1.85 1.20 0.93 0.27 0.14 0.13 
Oxygen...... 44.6 24.40 20.20 1813 2.07 132 0.65 0.65 0.00 


100.0 46.80 58.70 82.83 21.37 5.62 1545 221 1304 


Classification of Coals, as Anthracite Bituminous, etc.— 
Prof. Persifer Frazer (Trans. A. I. M. E., vi, 430) proposes a classifica- 
tion of coals according to their ‘‘ fuel ratio,”’ that is, the ratio the fixed car- 
bon bears to the volatile hydrocarbon. 

In arranging coals under this classification, the accidental impurities, such 
as sulphur, earthy matter, and moisture, are disregarded, and the fuel con- 
stituents alone are considered. 


Carbon Fixed Volatile 
Ratio. Carbon. Hydrocarbon. 
I. Hard dry anthracite, 100 to 12 100. to 92.31% 0. to 7.69% 
Il. Semi-anthracite...... 12to 8 92,31 to 88.89 7.69 to 11,11 
Ii. Semi-bituminous.,... 8to 5 88.89 to 83.33 11.11 to 16.67 
IV. Bituminous. ......... 5to 0 83.33 to 0. 16.67 to 100 


It appears to the author that the above classification does not draw the 
line at the proper point between the semi-bituminous and the bituminous 
coals, viz., at a ratio of 0 + V.H.0. — 5, or fixed carbon 83.33%, volatile hy- 
drocarbon 16.67%, since it would throw many of the steam coals of Clearfield 
and Somerset counties, Penn., and the Cumberland, Md., and Pocahontas, 
Va., coals, which are practically of one class, and properly rated as 
semi-bituminous coals, into the bituminous class. The dividing line be- 


Carbon Ratio, Fixed Carbon, Vol. H.C. 
I. Hard dry anthracite... 100 to 12 100 = to 92.314 0 to 7.69% 
Il. Semi-anthracite... 12to 7 92.31 to 87.5 7.69 to 12.5 
iII. Semi-bituminous. Vto 3 87.5 to 75 12.5 to 25 
IV. Bituminous..... 8to 0 % to 0 25 to100 


Rhode Island Graphitice Anthracite.—A peculiar graphite is 
found at Cranston, near Providence, R. I. It resembles both raphite and 
anthracite coal, and has about the following composition (A. Bree. Trans. 
A. I, M. E., xvii., 678): Graphitie carbon, 784; volatile matter, 2.60%; silica, 
15.06%; phosphorus, .045%. It burns with extreme difficulty. 
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Composition of Pennsylvania Anthracites, (Trans. A. I, 
M, E., xiv., 706.)—Samples weighing 100 to 200 lbs. were collected from lots 
of 100 to 200 tons as pet to market, and reduced by proper methods to 
laboratory samples. Thirty-three samples were analyzed by McCreath, giv- 
ing results as follows. They show the mean character of the coal of the more 
important coal-beds in the Northern field in the vicinity of Wilkesbarre, in 
the Eastern Middle (Lehigh) field in the vicinity of Hazleton, in the Westerp 
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fiddle field in the vicinity of Shenandoah, and in the Southern field between 
fauch Chunk and Tamaqua, 


eee 


ey wy © . Bo I oO to) 

t=} Oils roy mun i=] w]e. Ay 

® od S| 38.138 [0.12 ) 388s | S45 

a3 gs | 3 | ae | we | B18) S323) oy 

2 Gomes) eer te a} eeocumet 

ae (2) 
Vharton...|K, Middle | 8.71 | 3.08 86.40 | 6.22 | .58} 3.44 28.07 
lammoth.,|E. Middle | 4.12] 3.08 86.38 | 5.92 49 3.45 27.99 
rimrose ..|W. Middle | 8.54 | 38.72 81.59 |10.65 0} 4.36 21.93 
lammoth .|W. Middle | 8.16 | 3.72 81.14 [11.08 | .90) 4.38 21.83 
rimrose F|\Southern 3.01 | 4.13 87.98 | 4.38 | .50) 4.48 21.82 
uck Mtn..}W. Middle | 3.04 | 3.95 82.66 | 9.88 | .46] 4.56 20.93 
even Foot/W. Middle |} 3.41 3.98 80.87 |11.23 | .51 4.69 20.32 
[ammoth .|Southern 8.09} 4.28 83.81 | 8.18 | .64] 4.85 19.62 
[ammoth .|Northern 3.42] 4.38 83.27 | 8.20 | .4 5.00 19.00 
. Coal Bed|Loyalsock | 1.30] 8.10 83.34 | 6.28 |1.03] 8.86 10.29 


The above analyses were made of coals of all sizes (mixed). When coal is 
sreened into sizes for shipment the purity of the different sizes as regards 
sh varies greatly. Samples from one mine gave results as follows: 


Screened Analyses, 
Nameof Through Over Fixed — 

Coal. inches, inckes. Carbon. Ash, 
re ncec ae sve 5 1.75 88.49 5.66 
Stove......... 1.75 1.25 83.67 10.17 
Chestnut...... 1.25 TR 80.72 12.67 

CBee oe eee Puts) -50 79.05 14.66 
Buckwheat... 50 25 76.92 16.62 


Bernice Basin, Pa., Coals, 
Water. Vol. H.C, Fixed C. Ash. Sulphur. 
3.27 0.24 


arnice Basin, Sullivan and § 9.96 ate ae Hr 
Lycoming Cos.; range of 8.. 197 856 - 89.39 9.34 1.04 


This coal is on the dividing-line between the anthracites and semi-anthra- 
tes, and is similar to the coal of the ad ens Valley district. 
More recent analyses (Trans. A. I. M. E., xiv. 721) give: 


Water, Vol.H.C. Fixed Carb. Ash. Sulphur, 
orking seam....... 0,65 9.40 83.69 5.34 0.91 

ft. below seam.... 3.67 15.42 71.34 8.97 0.59 

1e first is a semi-anthracite, the second a semi-bituminous, 

Space Occupied by Anthracite Coal. (J. 0. I. W., vol. iii.)—The 
ibie contents of 2240 lbs. of hard Lehigh coal isa little over 36 feet ; an 
erage Schuylkill W. A., 87 to 88 feet ; Shamokin, 38 to 39 feet; Lorberry, 
arly 41. 

According to measurements made with Wilkesbarre anthracite coal from 
e Wyoming Valley, it requires 32.2 cu. ft. of lump, 33.9 cu. ft. broken, 
5 cu. ft. egg, 34.8 cu. ft. of stove, 35.7 cu. ft. of chestnut, and 36.7 cu. ft. 
pea, to make one ton of coal of 2240 Ibs.; while it requires 28.8 cu. ft. of 
mp, 30.3 cu. ft. of broken, 80.8 cu. fo. of egg, 31.1 cu. ft. of stove, 31.9 cu. 
_of chestnut, and 32.8 cu. ft. of pea, to make one ton of 2000 Ibs, 
Composition of Anthracite and Semi-bituminous Coals. 
rans, A. I. M. E., vi. 430.)—Hard dry anthracites, 16 analyses by Rogers, 
ow a range from 94.10 to 82.47 fixed carbon, 1.40 to 9.53 volatile matter, 
d 4.50 to 8.00 ash, water, and impurities. Of the fuel constituents alone, 
e fixed carbon ranges from 98.53 to 89.63, and the volatile matter from 1.47 
10.37, the corvesponding carbon ratios, or C + Vol. H.C. being from 67.02 
8.64. 


Semi-anthracites.—12 analyses by Rogers show a range of from 90,23 to 
55 fixed carbon, 7.07 to 13.75 volatile matter, and 2.20 to 12.10 water, ash, 
dimpurities. Excluding the ash, etc., the range of fixed carbon is 92.75 
84.42, and the volatile combustible 7.27 to 15,58, the corresponding carbon 
tio being from 12.75 to 5.41. 
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Semi-bituminous Coals.—10 analyses of Penna. and Maryland coals give 
fixed carbon 68.41 to 84.80, volatile matter 11.2 to 17.28, and ash, water, and 
impurities 4 to 13.99, The percentage of the fuel constituents is fixed carbon 
79 ui to 88.80, volatile combustible 11.20 to 20,16, and the carbon ratio 11.41 to 
3.96. 


American Semi-bituminous and Bituminous Coals, 
(Selected chiefly from various papers in Trans. A. I. M. E.) 


: Vol. . 
Moisi- Hydro-| Fixed | a. | Sul- 


ure. |" srbon,|Carbon phur. 
Penna. Semi-bituminous : 
Broad Top, extremes of 5....... { ges ie oe va ce 
Somerset Co., extremes of 5..... { ae el ate # e iad 
Blair Co., average of er Soe 1.07 26.72 | 60.57 | 9.45 2.20 
Cambria Co,, average of 7, yy, 
contgaletet bed, 8 ee 0.74 | 21.21] 68.94] 7.51 | 1.98 
‘ambria Co., 1, ” 
ake ate Se 1.14 | 17.18] 73.42] 6.58 | 141 
Cambria Co., South Fork, 1..... 3 15.51 | 78.60] 5.84 cae 
penis pee eet Rte ae ae 0.60 22 60 | 68.71] 5.40 2.69 
Clearfield Co., average o. 5 és 
oes, queer bed, oe a ; .-| 0.70 | 23.94] 69.28] 4.62 | 1.42 
eld Co., average o 
lower bed, D. Vee ees| 0.81 21.10 | 74.08 | 3.36 0.42 
0.41 20.09 | 66.69 | 2.65 0.43 
Clearfield Co., range of 17 anal..|~ to to to 
1.94 25.19 | %4.02) 7.65 1.79 
Bituminous : 
Jefferson Co., average of 26.... | 1.21 82.53 | 60.99 | 3.76 1.00 
Clarion Co., average of 7... Mey O87 88.60 | 54.15 | 4.10 1.19 
Armstrong Co.,1.. .... ay 1.18 42.55) 49.69] 4.58 2.00 
Connellsville Coal.............2.- 1.26 80.10 | 59.61 | 8.23 78 
Coke from Conn’ville (Standard 49 0,01 | 87.46 | 11.32 69 
Youghiogheny Coal.......... «--| 1.03 86.49 | 59.05 | 2.61 -81 
Pittsburgh, Ocean Mine......... 28 39.09 | 57.33 | 3.30 ee 


The percentage of volatile matter in the Kittaninge lower bed B and the 
Freeport lower bed D increases with great uniformity from east to west; thus’ 


¥ Volatile Matter, Fixed Carbon. 
Clearfield Co, bed D............ 20.09 to 25.19 68.73 to 74.76 
$s OSs SS FB 5.2 tieeee 22.56 to 26.18 64.37 to 69.63 
Clarion Co., bind! : ea a eye 85.70 to 42.55 47.51 to 55.44 
ft SoD. Gist ERE 87.15 to 40.80 51.39 to 56.36 


Connellsville Coal and Coke. (Trans. A. I. M.E., xiii. 332.) — 
The Connellsville coal-field, in the southwestern part of Pennsylvania, is a 
strip about 3 miles wide and 60 miles in length. The mine workings are 
confined to the Pittsburgh seam, which here has its best development as to 
size, and its quality best adapted to coke-making. It generally affords 
from 7 to 8 feet of coal. 

The following analyses by T, T. Morrell show about its range of composi- 


tion : 

Moisture, Vol. Mat. Fixed Q. Ash. 
Herold Mine .... 1.26 28.83 60.79 8.44 
Kintz Mine....... 0.79 31.91 56.46 9.52 1.32 .02 


In comparing the composition of coals across the Appalachian field, in the 
western section of Pennsylvania, it will be noted that the Connellsville 
variety occupies a peculiar position between the rather dry semi-bituminous 
coals eastward of it and the fat bituminous coals flanking it .on the west, 

Beneath the Connellsville or Pittsburgh coal-bed occurs an interval of 
from 400 to 600 feet of * barren measures,” separating it from the lower 
productive coal measures of Western Pennsylvania. The following tableg 


Sulphur. Phosph’s. 
i -013 © 
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show the great similarity in composition in the coals of these upper and 


lower coal-measures in the same geographical belt or basin, 


Analyses from the Upper Coal-measures (Penna.) in a 


Westward Order, 


Localities. Moisture. Vol. Mat. Fixed Carb. Ash. Sulphur. 
Anthracite........... 1.35 3.45 89.06 5.81 0.30 
Cumberland, Md..... 0. 15.52 74.28 9.29 0.71 
Salisbury, Pa........ 1.66 22.35 68.77 5.96 1.24 
Connellsville, Pa..... .... 31.38 60.30 7.24 1.09 
Greensburg, Pa...... 1.02 33.50 61.34 3.28 0.86 
Erwin’s, Pa....sescess 14d 37.66 54.44 5.86 0.64 
Analyses from the LOD ith epee in a Westward 

rder, 

Localities. Moisture. Vol. Mat. Fixed Carb. Ash. Sulphur. 
Anthracite . ......,. 1.35 3.45 89.06 5.81 0.30 
Broad Top 18.18 73.34 6.69 1.02 
Bennington ; 27.23 61.84 6.93 2.60 
Johnstown...... .... 1.18 16.54 74.46 5.96 1.86 
Blairsville .......... - 0.92 24.36 62.22 7.69 4.92 
Armstrong Co....... 0.96 38.20 52.03 5.14 3.66 

Pennsylvania and Ohio Bituminous Coals. Variation 


im Character of Coals of the same Beds in different Dis- 
tricts.—from 50 analyses in the reports of the Pennsylvania Geological 
Survey, the following are selected. They are divided into different groups, 
and the extreme analysis in each group is given, ash and other impurities 
being neglected, and the percentage in 100 of combustible matter being 


alene considered. 


No. of | Fixed | Vol. |Carbon 
Analyses| Carbon} H.C. | Ratio. 
Waynesburg coal-bed, upper bench....... 5 
+ Jefferson township, Greene Co.......... 59.72 | 40.28 | 1.48 
Hopewell township, Washington Co.... 53.22 | 46.75 | 1.13 
Waynesburg coal-bed, lower bench....... 9 
Morgan township, Greene Co..... 60.69 | 39.31 | 1.54 
Pleasant Valley, Washington Co... 54.381 |] 45.69 | 1.19 
Sewickley coal-bed..... ......-.....-. 3 
Whitely Creek, Greene Co.......... Sere 64.39 | 35.61 | 1.80 
Gray’s Bank Creek, Greene Co,. ...... 60.35 | 39.65} 1.52 
Pittsburgh coal-bed: 
Upper bench, Washington Co........... | ee oe ee 
Lower bench, sane my eee asiae te 
Main bench, Greene Co.......-++.+05.--- { es, oe ete 
Frick & Co., Washington Co., average . 66.44 | 33.56] 1.98 
Lower bench, Greene Co......-..... ae 1 57.83 | 42.17) 1.87 
Somerset Co., semi-bituminous (showing i 8 79.73 | 20.27 | 3.93 
decrease of vol. mat. to the eastward). 75.47 | 24.68] 38.07 
Beever :O0., Pa: - .. sci pasijes > demeeecces 7 
Dieh!’s Bank, Georgetown............... 40.68 | 59.32] 0.68 
Bryan’s Bank, Georgetown........ aes 62.57 | 387.43 | 1.66 
OHIO. 
Pittsburgh coal-bed in Ohio; 
Jefferson Co., Ohio........--+0s05 noeinas ae re eet: 
Belmont Co., Ohio... ..+. ++ esecsesasees { 66.141 33°86.| 1.95 
Harrison Co., Ohio, ...-....s2++ Ge yei05 | seer 1s 
- ‘ ‘ 1.5 
Pomeroy Co., Ohio. «... ...+ «sep aneyeee= { eae ee i a 
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Analyses of Southern and Western Coals, 


Moisture. |Vol. Mat.| Fixed ©. | Ash. Paae 
ee 
; Onto. 5.00) 82.80} 58.15 | 9.05 | 0.44 
Hocking Valley................ { 740] 29/90 60.45 | 2.95 | 0193 
MARYLAND, 
Cumberland i 95 19.13 {2.70 | 6.40 | 0.78 
‘umber: AS iam u i 1.23] 15 '4 73.51 | 9:09 | oso 
IRGINIA. 
South of James River, 23 anal- { from 0.67} 27.98 46.7 2.00 | 0.58 
yses, range ae to ae _ Lies pa oy 
Average of 28............ -48 2,24 58.8: «72 | 1.45 - 
North of James River, eastern { 0.40 18.60 71.00 |10.00 
outcrop, ped 23.96 59.98 on 
. . 7 we 4 79 . e . 
Carbonite or Natural Coke.... : 1/56 Bo ree 9/04 | 0.98 
Western outcrop, 11 analyses, rom a 21.338 54.97 | 3.85 
range £5 to 30.50 70.80 rae 
Average of 11............ 26.06 63.7 10.06 
Pocahontas Flat-top* 0.52] 28.90 74.20 | 1.88 | 0.52 
(Castner & Curran’s Circular) 0.62| 18.48 75.22 | 5.68 | 0.28 
West Vireinia (New River.) aes ee 
Quinnimont,t 3 analyses ...... { pe 0.94 ee a s 14 ee 
; 0.34 29.59 69.00 1.07 
Nuttalburght......0...02....5. ; 1:35] 2538 | socer | 305 | ons 
Virainta and Kentucky. 
Big Stone Gap Field,} 9 anal-| {from 0.80] 31.44 54.80 | 1.73 | 0.56 
yses, range to 2.01] 36.27 63.50 | 8.25 | 1.72 
z Kentucky, 2 . 23 
Putahi Co, alos rang] {mL ut | wes | 128) op 
Muhlenberg Co.,, 4 analyses, sicher 60} 30.60 58.80 | 3.40 | 0.79 
range 38.70 53.70 | 6.50 | 8.16 
Pike Co., Eastern Ky., 87 an-| {from 1.80} 26.80 67.60 | 3.80 | 0.97 
QlYSeS, TANGE.... 2. seeeeaee | to 1.60! 41.00 50.37 | 7.80 | 0.03 
Kentucky Cannel Coals,§ 5 an-/{from..... 40.20|] ]59.80 coke} 8.81 | 0.96 
alyses, range................ GO etaie’ era 66.30Il ]83.70 coke} 4.80 | 1.32 
TENNESSEE. from 70} 32.33 | 46.61 |16.94 | 3.87 
Scott Co., Range of several... { to 1.83) 41.29 | 61.66 | 1:11 | o'77 
Roane Co., Rockwood. ........ 1.75) 26.62 60.11 }11.52 | 1.49 
Hamilton Co., Melville........ 2.74| 26.50 67.08 | 3.68 91 
Marion Co., Etna ............. 94) 23.72 63.94 |11.40 | 1.19 
Sewanee Co., Tracy Gityiic sce 1.60} 29.30 61.00 | 7.80 
Kelly Co,, Whiteside.......... 1.30] 21.80 74.20 | 2.70 
Grorera, 
DudeiCo. Be... seeaaee ite eaten 1.20) 28.05 60.50 |15.16 | 0.84 
ALABAMA, 
Warren Field: 

Jefferson Co., Birmingham.. 8.01] 42.7 48.30 | 3.21 | 2.72 
Tuscaloosa Co.......... .... : 3 54.64 ats if 
Cahaba Field, ( Helena Vein, 2.00] 32.90 53.08 |11.34 | .68 

Bibb Co ..... § Coke Vein... 1.78! 30.60 66.58 | 1.09! .04 


* Analyses of Pocahontas Coal by John Pattinson, F.C.S., 1889: 
C. H. oO. N. 8. Ash. Water. Coke. ie 


Lumps... 86.51 4,44 4.95 0.66 0.61 1.54 1.29 %8.8 21.2 
Small.... 83.18 4.29 5.33 0.66 0.56 4.63 1.40 798 20.2 
+ These coals are coked in beehive ovens, and yield from 63% to 644% of coke. 
This field covers about 120 square miles in Virginia, and about 30 square 
es in Kentucky. 
§ The principal use of the cannel coals is for enriching illuminating-gas, 
| Volatile matter including moisture, 
4 Single analyses from Morgan, Rhea, Anderson, and Roane counties fall 
within this range, 
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Moisture.|Vol Mat.| Fixed C. | Ash, ae 
TEXAS, 
Ragle Mine......... oes 3.54 80.84 50.69 
Sabinas Field, Vein I 1.91 20.04 62.71 
e . biel ef 1.37 16.42 68.18 
uM BS LEE 0.84 29.35 50.18 
ig i He LNG 0.45 21.6 45.75 
INDIANA. 
Caking Coals. 
Parke: Coil... 4...ast sake ee ite ns 4.50 45.50 45.50 4, 
Sullivan Co. coalM.............+5 2.35 45.25 51,60 0.80). 
Play ©O.. sinelex naevenia» votes aigeenise ots 7.00 39.70 47.30 6.00]...... 
Spencer Co. coal L.........0s.+0+ 3.50 45.00 46.00 RDO os ee 5 
Block Coats.* 
Olay COs vile ne tnates aenenis 8.50 31.00 57.50 3.00]...... 
Martin Co. 2.50 44.75 51.25 JDO) ie aiaiate 
Daviess'Co. 204 scicss.ss ae sites «5 36.00 53.50 i) 
Inuror1s.t 
Bureau Oo.: Ladd............+-.| 12.0 82.3 42.5 18.2 |.wncee 
Seatonville......... 10.0 23.8 40.9 DD 8 ces 
Christian Co,; Pana........ emeoe 72 36.4 46.9 9.5 |... 
Clinton Co.; Trenton........ wees 13.3 30.4 52.0 4.3 | 0.9 
Fulton Co.: Cuba.....-..5... wea 4.2 36.4 48.6 yO i neers 
Grundy Co.: Morris.. ........... rip! 82.1 49.7 Wee eee 
Jackson Co.: Big Muddy........ 6.4 30.6 54.6 8.3 | 1.5 
La Salle Co.: Streator.......... a} 112.0 35.3 48.8 3.9 | 2.4 
Logan Co.: Lincoln...... warsiet siya 8.4 35.0 44.5 I2FD aes 
Macon Co.: Niantic.............. V9 36.3 v4 eaisllinees oes 
Macoupin Co.: Gillespie......... 12.6 30.6 435.3 Wess deb 
Mt. Olive........ 10.4 36.7 46.1 6.8 | 3.5 
Staunton........ 6.3 57.1 26 3 DRE La, g 
Madison Co.: Collinsville........ 9.3 29.9 40.8 16.1 | 3.9 
Marion Co.: Centralia...... pate er 8.3 34.0 45.5 BO) | ae sta 
McLean Co.: Pottstown......... 4.6 85.5 45.5 14.4 
Perry Co.: Du Quoin ........... 11,3 80.3 49.9 8.5 
Sangamon Co.: Barclay......... 10.8 27.3 44.8 17.1 
St. Clair Co.: St. Bernard........ 14.4 30.9 48.4 6.4 
Vermilion Co.: Danville..... ... 11.0 32.6 53.0 3.6 |. 
Will Co.: Wilmington...... Races 15.5 32.8 39.9 11.8 


* Indiana Block Coal (J. 8, Alexander, Trans. A. I, M. E., iv. 100),—The 
typical block coal of the Brazil (Indiana) district differs in chemical com- 
position but little from the coking coals of Western Pennsylvania. The 
physical difference, however, is quite marked; the latter has a cuboid struc- 
ture made up of bituminous particles lying against each other, so that under 
the action of heat fusion throughout the mass readily takes place, while 
block coal is formed of alternate layers of rich bituminous matter and a 
charcoal-like substance, which is not only very slow of combustion, but so 

' retards the transmission of heat that agglutination is prevented, and the 
coal burns away layer by layer, retaining its form until consumed. 

An ultimate analysis of block coal from Sand Creek by E. T. Cox gaye: 
C, 72.94; H, 4.50; O, 11.77; N, 1.79; ash, 4.50; moisture, 4.50, 

+ The Illinois coals are generally high in moisture, volatile matter, sul- 
phur and ash, and are consequently low in heating value. The range of _ 
quality is a wide one. The Big Muddy coal of Jackson Co., which has a 
high reputation as a steam coal, has, according to the analysis given above, 
about 36% of volatile matter in the total combustible, corresponding to the 
coals of Western Pennsylvania and Ohio, while the Staunton coal has 684, 

' ranking it among the poorer varieties of lignite. A boiler-test with this coal 
(see p. 636, also Trans. A. S. M. E., v. 266) gave only 6.19 lbs. water evapo- 
rated from and at 212° per lb, combustible, The Staunton coal is remarkable 
for the high percentage of volatile matter, but itis excelled in this respect by 


t Iowa.* 
Hiteman.... ...... Parmele Resince 4.99 
Obie Wes eae 9.81 
Flaglers.....,.. tere 9.84 
@hisholni si nenisesveccee sees 9.18 
Missouri.* 
BrookfieldioG.. ic-s.. - ecciesenes 4.34 
Mendota......... a Ban 9.03 
Hamilton......... exe 5.06 
MinBowsserpestvecatedieces claee 7.83 
NEBRASKA,* 
; PIAStIN EW. oon os ces ees veces aaeaee 0.21 
i Wvomine.* 
| CAIMDIIA (Fe Secuanai.cs = By 4.2 
} Goose Creek... ....2.-ceeseene 9.7 ‘ 
Ps Spon COLOLCORY Colao ere [Chae Pete) 
Deek OCreek..... ..... tea Gdane: 12.8 
PSOVIORD 5 fics aga c'otnacs an meted 6.04 
} CoLorabDo.t 
} Sunshine, Colo, average..... 2.8 
| | Newcastle, ‘“ oe Ie 1.7 
El Moro, te eee 1,32 
: Crested Buttes, ‘“ 5 1.10 
! Urau (Southern), 
Castledale..............008 reas 3.43 
Cedar City... as cece Sveueeba 3.50 
OREGON. 
Coos Bay......... Sseeavaspemesiant) lato) 
FEMI SINE 301: a 17.27 
Yaquina Bay .. . 13.03 
John Day River......... 4,55 
Be aoe aa oy US ORES ey ty) 6.54 
i VANCOUVER ISLAND. 
Comox! Coal. icles os. eee 1%: 


the Boghead coal of Linlithgowshire, Scotland, an analysis of which by-Dr. 
Penny is as follows: Proximate—moisture 0,84; vol, 67.95; fixed O, 9.54, ash, 
| 21.4; Ultimate—C,63.94; H, 8.86; O, 4.70; N, 0.96; which is remarkable for the 
i high percentage of H. 
| *The analyses of Iowa, Missouri, Nebraska, and Wyoming coals are 
selected from a paper on The Heating Value of Western Coals, by Wm, 
Forsyth, Mech, Engr. of the ©., B. & O. R. R., Eng’g News, Jan. 17, 1895. 
+ Includes sulphur, which is very high, Coke from Cedar City analyzed : 
Water and volatile matter, 1.42; fixed carbon, 76.70; ash, 16.61; sulphur, 5.27, 


+ Colorado Coals.—The Colorado coals are of extremely variable com- 
position, ranging all the way from lignite to anthracite. G. CO. Hewitt 
(Trans. A. I. M. E., xvii. 877) says: The coal seams, where unchanged 
by heat and flexure, carry a lignite containing from 5% to 20% of water. In 
the south-eastern corner of the field the same have been metamorphosed so 
that in four miles the same seams are an anthracite, coking, and dry coal. 

In the basin of Coal Creek the coals are extremely fat, and produce a hard, 
bright, sonorous coke. North of coal basin half a mile of development 
shows a gradual change from a good coking coal with patches of dry coalto | 
a dry coal that will barely agglutinate in a beehive oven. In another halt 
mile the same seam is dry. In this transition area, a small cross-fault | 
makes the coal fat for twenty or more feet on either side, The dry seams 
also present wide chemical and physical changes in short distances. A soft 
and loosely bedded coal has in a hundred feet become compact and hard 
without the intervention of a fault. A couple of hundred feet has reduced 
the water of combination from 12% to 54. 

Western Arkansas and Indian Territory. (H. M. Chance, 
Trans, A. I, M. EH, 1890.)—The Choctaw coal-field is a direct westward exten: 


a 
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sion of the Arkansas coal-field, but its coals are not like Arkansas coals, ex- 
cept in the country immedi tely adjoining the Arkansas ling. 

The western Arkansas coals are ry semi-bituminous or semi-anthracitic 
coals, mostly non-coking, or with quite feeble coking properties, ranging 
from 14% to 162 in volatile matter, the highest percentage yet found, aeccord- 
ing to Mr. Winslow’s Arkansas report, being 17.655. 

In the Mitchell basin, about 10 miles west from the Arkansas line, coal 
recently opened shows 19¢ volatile matter; the Mayberry coal, about 8 miles 
farther west, contains 23% volatile matter; and the Bryan Mine coal, about 
the same distance west, shows 26% volatile matter, About 30 miles farther 
west, the coal shows from 38% to 414% volatile matter, which is also about 
the percentage in coals of the McAlester and Lehigh districts, 


Western Lignites, (R, W. Raymond, Trans. A. I. M. E., vol. it. 1873.) 


; 3 | Calorific 
Mois-] 4 
CUBE Nal. Ore se ture, 


Power, 

calories 

Monte Hiakolg en eee 59.72|5,08/1.01| 15.69/3.92| 8.94]5.64|  s7a7 

faber Cation, Vial. 64,84]4'34]1.29| 15.52/1.60| 9°41/3:00| 6919 
Echo Cafion, Utah... 69.84/3.90/1.93] 109910:77] 9.1713°40 

Carbon Station, Wyo.. 64,99/3,76|1.74| 15.20|1.07] 11.5611.68| 5738 

“ “ ER, 69-14/4-80)1-25 9541-08 8.06/6.62] 6878 

Coos Bay, Oregon.. 56. 38/0. 1.82/0.81] 18.28]/4. 

Pet dais ae :| 55.79]3:2610.61] 19:01]0-63| 16.5214.18| 4610 

MM eae 67-07/4-66]1.88) 12.80 0.93} 3.0810.38 6428 
Canon City, Colo............ 67.58]7 42)... 4 A -18/5.7 

Bier Gor Ores fe 60.72/4.30]. <.| 14.4212'08] 14/68/3.80|  Se0e 


The calorific power is calculated by Dulong’s formula, 
oO 
sosoo + a4s62(n — 2), 


deducting the heat required to vaporize the moisture and combined water, 
that is, 587 calories for each unit of water. 1 ealorie = 1.8 British thermal 
units. 
Analyses of Forei Coals. (Selected from D. L. Barnes’s paper 
on American Locomotive Practice, A. S. C. E., 1893.) 


Volatile | Fixed 
Matter. | Carbon,| 4SH- 


Great Britain: 
th Wales....... ...f 8.5 88.3 3.2 
Br “ a's as Gruen 6.2 ne oe 
Lancashire, Eng.. .... 17.2 i "i 
Derbyshire, ** BBs aia Sl yr a ae 
Durham, x 15.05 86.8 1.1 |Semi-bit. coking coal. 
Scotland,...... Ta 63.1 19.8 |Boghead cannel gas coal, 
be Laer 17.5 80.1 2.4 /Semi-bit. steam-coal, 
Ee csoriahire, Eng 20.4 78.6 1.0 
uth America: 
ili eption Ba: 21.93 70.55 7.52 
peel mae 
P. ia,.. 24. ‘ 
Bras isa om 40.5 57.9 1.6 
Canada: 
Nova Scotia. 26.8 60.7 | 12.5 
Sane: Breton. 26.9 67.6 5.5 
Australia........ 
Australian Healt a: Se eS See ae 
t ales,, : pe ; 
ala = --| 26.5 70.8 | 14.2 
6.16 63.4 30.45 


An analysis of Pictou, N.S., coal, in Trans. A, I. M. E., xiv. 560, is: Vol., 
29.68; carbon, 56.98; ash, 13.39; and one of Sydney, Cape Breton, coal is: 
Wol., 84.07; carbon, 61.43; ash, 4.50, 


4 
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Nixon’s Navigation Welsh Coal is remarkably pure, and con. 
tains not more than 3 to 4 per cent of ashes, giving 88 per cent of hard and 
lustrous coke. The quantity of fixed carbon it contains would classify it 
among the dry coals, but on account of its coke and its intensity of com- 
bustion it belongs to the class of fat, or long-flaming coals. 

Chemical analysis gave the following results: Carbon, 90.27; hydrogen, 
4.33; sulphur, .69; nitrogen. .49; oxygen (difference), 4.16. 

The analysis showed the following composition of the volatile parts: Car- 
bon, 22.53; hydrogen, 34.96; O + N-+ 8, 42.51. 

The heat of combustion was found to be, as a result of several experi- 
ments, 8864 calories for the unit of weight. Calculated according to its 
composition, the heat of combustion would be 8805 calories = 15,849 British 
thermal units per pound. 

This coal is generally used in trial-trips of steam-vessels in Great Britain. 

Sampling Coal for Analysis,—J. P. Kimball, Trans. A. I. M. E., 
xii. 317, says: The unsuitable sampling of a coal-seam, or the improper 
preparation of the sample in the laboratory, often gives rise to errors in de- 
terminations of the ash so wide in range as to vitiate the analysis for all 


practical purposes ; every other single determination, excepting moisture, - 


showing its relative part of the error. The determination of sulphur an 
a are especially liable to error, as they are intimately associated in the 
slates. 5 

Wm. Forsyth, in his paper on The Heating Value of Western Coals (Eng’g 


News, Jan. 17, 1895), says : This trouble in getting a fairly average sample of © 


anthracite coal has compelled the Reading R..R. Go., in getting their samples, 
to take as much as 300 Ibs. for one sample, drawn direct from the chutes, as 
it stands ready for shipment. 

The directions for collecting samples of coal for analysis at the C.,B.& Q. 
laboratory are as follows: 

Two samples should be taken, one marked “ average,’’ the other ‘* select.’” 
Each sample should contain about 10 lbs., made up of lumps about the size 
of an orange taken from different parts of the dump or car, and so selected 
that they shall represent as nearly as possible, first, the average lot; second, 
the best coal. 

An example of the difference between an ‘‘average”? and a ‘‘select”® 
sample, taken from Mr. Forsyth’s paper, is the following of an Illinois coal: 


Moisture. ol. Mat, Fixed Carbon. Ash. 
Average ..2.:55 0055 11686 27.69 35.41 85.54 
Select....... eee 1.90 34.70 48,23 15.17 


The theoretical evaporative power of the former was 9.13 Ibs. of water 
from and at 212° per lb, of coal, and that of the latter 11.44 Ibs. 

Relative Value of Fine Sizes of Anthracite,—For burning 
on a grate coal-dust is commercially valueless, the finest commercial an- 
thracites being sold at the following rates per ton at the mines, according 
to an address by Mr. Hekley B. Coxe (1893): 

Size. Range of Size. Price at Mines. 
Chestnut.............000-.65 IZto% inch $2.75 
Pea,..... Shawsse ues 16 
Buckwheat......... 


«s 9/16 to 36 0.75 
ICOPsansnaws ase tent eae 36 to 3/16 0.25 
Barloyen ois eces sane ee 8/16 to 2/32 0.10 


But when coal is reduced to an impalpable dust, a method of burning it 


cool the lumps. and they are then ready for delivery. ¢ 
The enterprise of making the pressed fuel above described was not com- 


however, ‘briquettes’ are regularly made of coal-dust (bituminous and 
Semi-bituminous), 


. 
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The heating value of a coal may be determined, with more or less approx. 
imation to accuracy, by three different methods, 

Ist, by chemical analysis ; 2d. by combustion in a coal calorimeter ; 3d, 
by actual trial in a steam-boiler. The first two methods give what may be 
called the theoretical heating value, the third gives the practical value. 

The accuracy of the first two methods depends on the precision of the 
method of analysis or calorimetry adopted, and upon the care and skill of 
the operator. The results of the third method are subject:to numerous 
sources of variation and error, and may be taken as approximately true 
only for the particular conditions under which the test is made. Analysis. 


The results of boiler tests being so extremely variable, their use for the 

pee of determining the relative steaming values of different coals has 

. frequently led to false conclusions, A notable instance is found in the 
record of Prof. Johnson's tests, made in 1844, the only extensive series of 
tests of American coals ever made. He reported the steaming value of the 
Lehigh Coal & Navigation Co.’s coal to be far the lowest of all the anthra- 
cites, a result which is easily explained by an examination of the conditions 
under which he made the test, which were entirely unsuited to that coal. 
He also reported a result for Pittsburgh coal which is far beneath that now 
obtainable in every-day practice, his low result being chiefly due to the use 
of an improper furnace. 

Tn a paper entitled Proposed ree for Determining the peaae 
Power of Different Coals (Trans. A. L. M. E., xiv. 727) the author describ 
and illustrated an apparatus designed to test fuel on a large scale, eons 
the errors of a steam-boiler test. It consists of a fire-brick furnace enclos 
in a water. casing, and two cylindrical shells containing a great number of 
tubes, which are surrounded by cooling water and through which the gases 
of combustion pass while being cooled. No steam is generated in the ap- 
paratus, but water is passed through it and allowed to escape at a tempera- 

_ture below 200° F. The product of the weight of the water passed through 
the apparatus by its increase in temperature is the measure of the heating 
value of the fuel. 

_ There has been much difference of opinion concerning the value of chemi- 
tal analysis as a means of approximating the heating power of coal. It 

_ was found by Scheurer-Kestner and Meunier-Dollfus, in their extensive series 

of tests, made in Europe in 1868, that the heating power as determined b. 

calorimetric tests was greater than that given to chemical analysis accord- 
ing to Dulong’s law. 

Recent tests made in Paris by M. Mahler, however, show a much closer 
agreement of analysis and calorimetric tests, A brief description of these | 
tests, translated from the French, may be found in an article by the author 
in The Mineral Industry, vol. i. page 97. 7 

Dulong’s law may be expressed by the formula, 


Heating Power in British Thermal Units = 14,500C + 62,500 (Ht — °)" l 


in which ©, H, and O are respectively the percentage of carbon, hydrogen, 
and oxygen, each divided by 100. A study of M. Mahler’s calorimetric tests 
shows that the maximum difference between the results of these tests and 
the calculated heating power by Dulong’s law in any single case is only a 
little over 3%, and the results of 31 tests show that Dulong’s formula gives an 
‘average of only 47 thermal units less than the calorimetric tests, the 
average total heating value being over 14,000 thermal units, a difference of ~ 
less than 4/10 of 12. 


* Mahler gives Dulong’s formula with!Berthelot’s figure for the heating 
value of carbon, in British thermal units, 


Heating Power = 14,6500 + 62,025 (x _ (0 +*) = vy 
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Mahler’s calorimetric apparutu consists or » strong steel vesse) or 
“ bomb” immersed in water, prope precaution being taken to prevent radi- 
ation. One gram of the coal to bet ited is placed in a platinum boat within 
this bomb, oxygen gas is introducec indera pressure of 20 to 25 atmospheres, 
and the coal ignited explosively by xn electric spark. Combustion is com- 
plete and instantaneous, the heat «radiated into the surrounding water, 
weighing 2200 grams, and its quant..y is determined by the rise in tempera- 
ture of this water, due corrections being made for the heat capacity of the 
apparatus itself. The accuracy of the apparatus is remarkable, duplicate 
tests giving results varying only about 2 parts in 1000, 

The close agreement of the results of calorimetric tests when properly 

- conducted, and of the heating power caJculated from chemical analysis, in- 
dicates that either the chemical or the calorimetric niethod may be ac- 
cepted as correct enough for all practical purposes for determining the total 
heating power of coal. The results obtained by either method may be 
taken asa standard by which the results of a boiler test are to be com- 
pared, and the difference between the total heating power, and the result of 
the boiler test is a measure of the inefficiency of the boiler under the con- 
ditions of any particular test. 


In practice with good anthracite coal, in a steam-boiler properly propor-' 


tioned. and with all conditions favorable, it is possible to obtain in the 
Steam 80% of the total heat of combustion of the coal. This result was nearly 
obtained in the tests at the Centennial Exhibition in 1876, in five different 
boilers. An efficiency of 70% to 75% may easily be obtained in regular prac- 
tice. With bituminous coals it is difficult to obtain as close an approach to 
the theoretical maximum of economy, for the reason that some of the vola- 
tile combustible portion of the coal escapes unburned, the difficulty increas: 
ing rapidly as the content of volatile matter increases beyond 20%. With 
most coals of the Western States it is with difficulty that as much as 60% or 
ea of the theoretical efficiency can be obtained without the use of gas-pro- 
ucers. 

The chemical analysis heretofore referred to is the ultimate analysis, or 
the percentage of carbon, hydrogen, and oxygen of thedry coal. Itis found, 
however, from a study of Mahler’s tests that the eer analysis, which 
gives fixed carbon, volatile matter, moisture, and ash, may be relied on ag 
giving a measure of the heating value with a limit of error of only about 8%. 
After deducting the moisture and ash, and calculating the fixed carbon as a 
bercentage of the coal dryjand free from ash, the author has constructed the 
following table : 


APPROXIMATE Heating Vatur or Coats. 


Eereentsee Heating |Equiv. WaterjPercentage| Heating |Equiv. Water 


 C. in Value Evap. from F. C. in Value vap. from 
Coal Dry B.T.U. and at 212° | Coal Dry B.T.U. and at 212° 
and Free per lb. per Ib. and Free per lb, per Ib. 


from Ash. | Comb’le. |Combustible.j from Ash. | Comb’le. |Combustible. 


100 14500 16.03 
97 14760 15.65 
94 15120 15.09 
90 15480 14.53 
87 15660 13.%9 
80 15840 13.04 
72 15660 12.67 


Below 50% the law of decrease of heating-power shown in the table appar- 
ently does not hold, as some cannel coals and lignites show much higher 
heating-power than would be predicted from their chemical constitution, 

The use of this table may be shown as follows: 

Given a coal containing moisture 2%, ash 8%, fixed carbon 61%, and volatile 
matter 29%, what is its probable nepeng value? Deducting moisture and 
ash we find the fixed carbon is 61/90 or 68% of the total of fixed carbon and 
volatile matter. One pound of the coal dry and free from ash would, by the 
table, have a heating value of 15,480 thermal units, but as the ash and moist- 
ure, baving mo heating value, are 10% of the total weight of t e coal, the 
coal would have 90% of the table value, or 13,932 thermal units. This divided 
by 966, the latent heat of steam at 212° gives an equivalent evaporation per 
\b. of coal of 14.42 Ibs. 
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With the best anthracite coal, in which the combustible portion is, say, 974 
fixed carbon and 82 volatile matter, the highest result that can be expected 
in a boiler-test with all conditions favorable is 12.2 Ibs. of water evaporated 


of the theoretical 15.09 Ibs., has been obtained, under favorable conditions, 
with a fire-brick arch over the furnace. With coals mined west of Ohio, 


ay 50 
Evap. from and at 212° per Ib, combustible, maximum in boiler-tests: 

TO MeEI9.5 (eat 10 8.3 7.0 

Boiler efficiency, per cent....... 80 76 69 66 60 55 
Loss, chimney, radiation, imperfect combustion, ete: 

20 24 81, 84 40 45 
The difference between the loss of 20% with anthracite and the greater 
losses with the other coals is chiefly due to imperfect combustion of the 
bituminous coals, the more highly volatile coals sending up the chimney the 


surface caused by the deposition of soot, the latter being primarily caused 
by the imperfection of the ordinary furnace and its unsuitability to the 
proper burning of bituminous coal. “Ifina boiler-test with an ordinary fur- 
nace lower results are obtained than those in the above table, it is an indica- 
tion of unfavorable conditions, such as bad firing, wrong proportions of 
boiler, defective draft, and the like, which are remediable, Higher results 
can be expected only with gas-producers, or other styles of furnace espe- 
cially designed for smokeless combustion. ‘ 
Kind of Furnace Adapted for Different Coals. (From the 
@uthor’s ‘pepor on “The Evaporative Power of Bituminous Coals,” Trans, 
‘ M. E., iv, 257.)—Almost any kind of a furnace will be found well 


surrounded by fire-brick with a pore combustion-chamber, and some spe- 
cial appliance for wipe Beecrbnt very hot air to the gases distilled from the 
coal. or, preferably, a separate gas-producer and combustion-cham ber, with 
facilities for heating both air and gas before they unite in the combustion- 
chamber, The character of furnace to be especially avoid: d in burning all 
bituminous coals containing over 20¢ of volatile matter is the ordinary fur- 
nace, in which the boiler is set directly above the grate bars, and in which the 
heating-surfaces of the boiler are direetly exposed to radiation from the 
coal on the grate, The question of admitting air above the grate is still uns 
settled. The London Engineer recently said: “‘ All our experience, extending 
over many years, goes to show that when the production of smoke is pre- 
vented by special devices for admitting air, either there isan increase in the 


consumption of fuel or a diminution in the production of steam, * * ¥ The _ 


best smoke-preventer yet devised is a good fireman.” 
Downward-draught Furnaces,—Recent experiments show that 

with bituminous coal considerable saving may be made by causing the 

draught to go downwards from the freshly-fired coal through the hot coal 

on the grate, Similar good results are also obtained by the upward draught 

by feeding the fresh coal under the bed of hot coal instead of ontop. (See 
oilers.) 
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Calorimetrie Tests of American Coals.—From a number of 
tests of American and foreign coals, made with an re calorimeter, b 
Geo. H. Barrus (Trans. A. S. M. E., vol. xiv, 816), the following are selected, 
showing the range of variation: : 


Total Heat|Total Heat 
Percentage| of Com- | reduced to 
of Ash, bustion, | Fuel free 
B. T. U. | from Ash. 


Semi-bituminous. 


George’s Cr’k, Cumberl’d, Md.,10 tests|{ 8-1 ee ues 
Pocahontas, Va., 5 testS......ecseeceee ae teen ayer 
New River, Va.,6 tests.....eese[} 2:3 you Bae pref 
Elk Garden, Va, 1 test......00. .c00e-| 78 13,180 14,295 
Welsh tectinuss) ssc eee Vy 13,581 14,714 

Pe oaniebay. Pa.) 5.9 12,941 13,752 
y oughiogheny, -y lum é # 

“ So ate, «| 10.2 11,664 12,988 
Frontenac, Kansas . 17:7 10,506 12,765 
Cape Breton, (Caled: : 8.7 12,420 13,602 
Lancashire, Eng ... | 6.8 12/122 13,006 

Anthracite, 11 tests. ............ oes owe ; ae pene rate 
3 L 


Evaporative Power of Bituminous Coals, 
(Tests with Babcock & Wilcox Boilers, Trans. A. 8. M. E., iv. 267.) 


4 : r 
: °o 130 8 ; 
oe fue: Ta > ° 3 
el 2188 les |ee}28) 8 
a 3 Blew jee. On On ney 
ee losa -lOun lols 
Bil oleie. GOT G> | GS} E} o> 
Dura) =| 31a, |Saleus| se] ay] 3/3 
Name of Ooal. tion off 3 | G | o |EEI5E° S2/5a]a|# 
Test. | S| 5] 0 |e Re Ag} zie 
B/@ Passer oe luk lots 
&| |S ls ss) 28] se | Re 
213) 2 P8lsss| se] no]s | o 
#/4/2 a#iscsl gs] 8sisl# 
C3) *, ee me t= 
&|#| 8 |Soie#4) £5 | se | 3 |S 
1. Welsh.... 1314 hrs/40 |1679] 7.5) 6.8] 2.07 | 11.53] 12.46] 146 96 
2, Anthracite ser’s 1/5 
Powelton, Pa., 1014 h/60 |3126) 8.8)17.6] 4.32 | 11.32] 12.42] eve 448 


Semi-bit. 4/5, 
3, Pittsbg’h fine slack| 4 hrs,|83.7|1679/12.3/2 
** 3d Poollump]} 10 ** |43.5/2760] 4.8|97 
4. Castle Shannon, nr 
qeetiet 3g nut,| } 4214 h/69.1/4784/10.5/27. 
ump, 


4 


5. E “run of mine ” 6 days.|....]1196]....1.... 
Eee Very) Lg dived Ai196l 
6. Jackson, O., nut..| 8 hrs./48 |3358] 9.6 
“ Staunton, Ill.,nut..} $8 “ |60 1|3358117.7 
7. Renton screenings, |5 h 50 m|21.2/1564/13.8 
** Wellington ser’gs..|6h 30 m/}21.2/1564/18.3 
“ Black Diam. ser’gs|5h 58 m|21.2/1564]19.3 
** Seattle screenings, |6 h 24 m/}21.2/1564|/13.4 
Oe phate Sos Tump..|6h 19 m/21.2}1564|/13.8 
LS, 
9.1 
3.9 
9.5 


“ Cardiff lump.......|6h 47 m/21.2/1564/11.7/ 
CN See 7h 23 m)21.2/1564|19.1) 
“* South Paine lump. | 6h 35 m}21.2/ 1564/13. 
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“ Seattle lump...... 6h 5 
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Place of Test: 1. London, England; 2. Peacedale, R.I.; 8. Cincinnati, O.; 
a fo vabaren: Pa.; 5. Chicago, Ill.; 6. Springfield, 0.; % San Francisco, 
a 


In all the above tests the furnace was supplied with a fire-brick arch for 
preventing the radiation of heat from the coal directly to the boiler. 
Weathering of Coal. (1. P. Kimball, Trans. A. I. M. E., viii. 204.)— 


_ The practical effect of the weathering of coal, while sometimes increasing 


its absolute weight, is to diminish the quantity of carbon and disposable 
hydrogen and to increase the uantity of oxygen and of indisposable hy- 
drogen. Hence a reduction in the calorific value. 

An excess of pyrites in coal tends to produce rapid oxidation and mechan- 
ical disintegration of the mass, with development of heat, loss of coking 
power, and spontaneous ignition. 

The only appreciable results of the weathering of anthracite within the 
ordinary limits of exposure of stocked coal are consined to the oxidation of 
its accessory pyrites. In coking coals, however, weathering reduces and 
finally destroys the coking power, while the pyrites are converted from the 
state of bisulphide into comparatively innocuous sulphates. 

Richters found that at a temperature of 158° to 180° Fahr., three coals lost 
in fourteen days an average of 3.6% of calorific power. (See also paper by 
R. P. Rothwell, Trans, A. I.'M. E., iv. 55.) 
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Coke is the solid material left after evaporating the volatile ingredients of 
coal, either by means of partial combustion in furnaces called coke ovens, 
or by distillation in the retorts of gas-works. 

Coke made in ovens is preferred to gas coke as fuel. Ibis of a dark-gray 
color, with slightly metallic lustre, porous, brittle, and hard. 

The proportion of coke yielded by a given weight of coal is very different 
for different kinds of coal, ranging from 0.9 to 0.35. 

Being of a porous texture, it readily attracts and retains water from the 
atmosphere, and sometimes, if it is kept without proper shelter, from 0.15 ta 
0.20 of its gross weight consists of moisture, 


Analyses of Coke, 
(From report of John R. Procter, Kentucky Geological Survey.) 


Fixed Sul- 

Where Made. Carbon| 4S2. phur. 
Connellsville, Pa, (Average of 3 samples)........ 88.96 9.74 | 0.810 
Chattanooga, Tenn. + bee! es seeeeees} 80.51 | 16.84] 1.595 
Birmingham, Ala, a soy I covveese| 87.29] 10.54] 1.195 
Pocahontas, Va. se “3 ve aoe ceum 92.53 5.74 | 0.597 
New River, W. Va. wy Sat] oy eines 92.38 7.21 | 0.562 
Big Stone Gap, Ky. se eye Sokap re aenics 93.23 5.69 | 0.749 


Experiments in Coking. ConneLusyituE Ruaion. 
(John Fulton, Amer. Mfr., Feb. 10, 1893.) 


= o D . 
a 5 3 3 ce 23 is g Per cent of Yield. He 
& [e8|Zh| 8 [og] 2e/ cs S2/zs|c% 
3 }£°/°S| 4 | 28/88/22] & | 28] 23 | 28 | ss 
iS & 5 cea t= re pos BO go Ro | & 
h. m.,} Ib. Ib. Ib. Ib. Ib. 

1 |67 00) 12,420] 99 885 | 7,518 | 7,903 | 00.80] 3.10 | 60.53] 63.63] 35.57 
2 |68 00/11,090) 90 259 | 6,580 | 6,939 | 00.81} 3.24 | 59.33/ 62.57] 36.62 
3 145 00) 9,120) 7 272 | 5,418 | 5,690 | 00.84) 2.98 | 59.41) 62.39] 86 77 
4 |45 00) 9,020) 74 849 | 5,334 | 5,683 | 00.82] 3.87 59.13} 63.00) 36.18 


41,650] 340 | 1865 | 24,850] 26,215] 00.82] 3.28 | 59.66] 62.94] 36.24 


These results show, in a general average, that Connellsville coal carefully 
‘coked in a modern beehive oven will yield 66.17% of marketable coke, 2.307 
‘of small coke or braize, and 0,82% of ash, 


—— 
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The total average loss in volatile matter expelled from the coal in coking 
amounts to 30.71%. Ke é 
The modern beehive coke oven is 12 feet in diameter and 7 feet high at 

crown of dome. It is used in making 48 and 72 hour coke. : 

In making these tests the coal was weighed as it was charged into the 
oven; the resultant marketable coke, small coke or braize and ashes 
weighed dry as they were drawn from the oven. z E 

Coal Washing.—In making coke from coals that are high in ash and 
sulphur, it is advisable to crush and wash the coal before coking it. A coal- 
washing plant at Brookwood, Ala., has a capacity of 50 tons per hour, The 
average poaieatin of ash in the coal during ten days’ run varied from 14% to 
21%, in the washed coal from 4.8% to 8.1%, and in the coke from 6.1% to 10.5%, 
During three months the average reduction of ash was 60,9%, (Hng. and 
Mining Jour., March 25, 1893.) 

Recovery of By-products in Coke Manufacture.—In Ger- 
many considerable progress has been made in the recovery of by-products, 
The Hoffman-Otto oyen has been most largely used, its principal feature 
being that it is connected with regenerators. In 1884 40 ovens on this 
system were running, and in 1892 the number had increased to 1209. 

A Hoffman-Otto oven in Westphalia takes a charge of 634 tons of dry coat 
and conyerts it into coke in 48 hours. The product of an oven annually is 
1025 tons in the Ruhr district, 1170 tons in Silesia, and 960 tons in the Saar dis- 
trict. The yield from dry coal is 75% to 77% of coke, 2.5% to 3% of tar, and 1.1% 
to 1.2% of sulphate of ammonia in the Ruhr district; 65% to 70% of coke, 4% to 
4.5% of tar, and 1% to 1.25% of sulphate of ammonia in the Upper Silesia region 
and 68% to 72% of coke, 4% to 4.32 of tar and 1.8% to 1,9% of sulphate of ammonia 
in the Saar district, A group of 60 Hoffman ovens, therefore, yields annually 
the following: 


District. , {ous 


The yield of coke by the beehive and the retort ovens respectively is 
given as follows in a pamphlet of the Solvay Process Co.: Connellsville 
coal : beehive, 66%, retort, 73%; Pocahontas: beehive, 62%, retort, 838% ; Ala- 
a beehive, 60%, retort, Te (See article in Mineral Industry, vol. viii., 

References: F’. W. Luerman, Verein Deutscher EFisenhuettenleute 1891,” 
Tron Age, March 31, 1892; Amer. Mfr., April 28, 1893. An excellent series 
of articles on the manufacture of coke, by John Fulton, of Johnstown, Pa., 
is published in the Colliery Engineer, beginning in January, 1893. 

Making Hard Coke.—J. J. Fronheiser and C.S Price, of the Cam- 
bria Iron Oo., Johnstown, Pa., have made an improyement in coke manu- 
facture by which coke of any degree of hardness may be turned out. It is 
accomplished by first grinding the coal to a coarse powder and mixing it 
with a hydrate of lime (air or water slacked caustic lime) before it is 
charged into the coke-ovens. The caustic lime or other fluxing material 
used is mechanically combined with the coke, filling up its cell-walls, It hag 
been found that about 5% by weight of caustic lime mixed with the fine coal 
gives the best results. However, a larger quantity of lime can be added to 
coals containing more than 5% to 7% of ash. (Amer. Mfr.) 

Generation of Steam from the Waste Heat and Gases of 
Coke-ovens. (Erskine Ramsey, Amey. Mfr., Feb. 16, 1894.)—The gases 
from a number of adjoining ovens of the beehive type are led into a long 
Sis Sob ee ema thence oe : corn eeee en chaise under a battery of 

pik ants are in satisfactory operation i 
two at Pratt Mines. Ala. ro ARES hie a 

A Bushel of Coal.—The weight of a bushel of coal in Indiana is 70 lbs., 
in Penna. 76 lbs.; in Ala., Colo.,Ga., Ill., Ohio, Tenn., and W. Va. it is 80 Ibs, 

A Bushel of Coke is almost uniformly 40 ibs., but in exceptional 
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eases, when the coke is very light, 88, 36, and 38 Ibs. are regarded as a bushel. 
In others, from 42 to 50 lbs. are given as the weight of a bushel ; in this case 
the coke would be quite heavy. 

Products of the Distillation of Coal.—S. P. Sadler's Handbook 
of Industrial Organie Chemistry gives a Sp re showing over 50 chemical 
products that are derived from distillation of coal. The first derivatives are 
coal-gas, gas-liquor, coal-tar, and coke. From the gas-liquor are derived 
ammonia and sulphate, chloride and carbonate of ammonia. The coal-tar 
is split Me into oils lighter than water or crude naphtha, oils heavier than 
water—otherwise dead oil or tar, commonly called creosote,—and pitch, 
From the two former are derived a variety of chemical products. 

From the coal-tar there comes an almost endless chain of known combina- 
tions. The greatest industry based upon their use is the manufacture of 
dyes, and the enormous extent to which this has grown can be judged from 
the fact that there are over 600 different coal-tar colors in use, and many more 
which as yet are too expensive for this purpose, Many medicinal prepara- 
tions come from the series, pitch for paving purposes, and chemicals for 
the photographer, the rubber manufacturers and tanners, as well as for 
preserving timber and cloths. 

The composition of the hydrocarbons in a soft coal is uncertain and quite 
complex; but the ultimate analysis of the average coal shows thatit ap 

roaches auuite nearly to the composition of CH, (marsh-gas). (W. H. 
Piauvelt, rans, A.I, M. E., xx. 625.) 
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Wood, when newly felled, contains a proportion of moisture which varies 
very much in different kinds and in different specimens, ranging between 
30% and 50%, and being on an average about 40%. After 8 or 12 months’ ordi- 
nary drying in the air the proportion of moisture is from 20 to 25%. This 
degree of dryness, or almost perfect dryness if required, can be produced 
by a few days’ drying in an oven supplied with air at about 240° #. When 
coal or coke is used as the fuel for that oven, 1 Ib. of fuel suffices to expel 
about 8 Ibs. of moisture from the wood. This is the result of experiments 
on a large scale by Mr, J. R. Napier. If air-dried wood were used as 
fuel for the oven, from 2 to 2% Ibs. of wood would probably be required to 
produce the same effect. i 

The specific gravity of different kinds of wood ranges from 0.3 to 1.2, 

Perfectly dry wood contains about 50% of carbon, the remainder consisting 
almost. entirely of bee fe and hydrogen in the proportions which form 
water. The coniferous family contain a small quan tity of turpentine, which 
is a hydrocarbon. The proportion of ash in wood is from 1¢ to 5%. The 
total heat of combustion of all kinds of wood, when dry, is almost ex- 
actly the same, and is that due to the 50¢ of carbon. 

The above is from Rankine; but according to the table byS. P. Sharpless 
in Jour. C.1. W., iv. 36, the ash varies from 0.03% to 1.20% in American woods, 
and the fuel value, instead of being the same for all woods, ranges from 
8667 (for white oak) to 5546 calories (for long-leaf pine) = 6600 to 9883 British 
thermal units for dry wood, the fuel value of 0.50 lbs. carbon being 7272 

pea ae 
P geating Value of Wood.—The following table is given in several 
hooks of reference, authority and quality of coal referred to not stated. 

The weight of one cord of different woods (thoroughly air-dried) is about 
as follows: 

ickory or hard maple.... 4500 lbs. equal to 1800 Ibs. coal. (Others ‘ive 2000.) 
White Sake Wigs te oek 3 Botan 8850 “ ve 2540 eta ise w 8 1715. 


Beech, red and black oak.. 3250 ‘* $6 1800) <¢,. 48 “ 1450. 
Poplar, chestnut, and elm.. 2350 “ “ 940 “« « ‘“ 1050, 
The average pine.......... 2000 “ S86 BOO ssf. . 925, 


eferring to the figures in the last column, it is said: 

: Prom ne above it is safe to assume that 214 Ibs. of dry wood are equal to 
‘1 lb. average quality of soft coal and that the full value of the same weight 
of different woods is very nearly the same—that is, a pound of hickory is 
‘worth no more for fuel than a pound of pine, assuming both to be dry. It 
‘is import&nt that the wood be dry, as each 10% of water or moisture in wood 
‘will detract about 12% from its value as fuel. 

Taking an average wood of the analysis © 51%, H 6.5%, O 42.0%, ash 0.5, 
‘perfectly dry, its fuel value per pound, according to Dulong’s formula, V = 


4 
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[14,500 © + ¢2,000 cz 2], fs 8170 British thermal units, Tf the wood, as 


ordinarily dried in air, contains 25¢ of moisture, then the heating value of a 

ound of such wood is three quarters of 8170 = 6127 heat-units, less tha 
Heat required to heat and evaporate the 14 Ib. of water from the atmospheric 
temperature, and to heat the steam made from this water to the tempera- 
ture of the chimney gases, say 150 heat-units per pound to heat the wate> to 
212°, 966 units to evaporate it at that temperature, and 100 heat-units to 
raise the temperature of the steam to 420° F., or 1216 in all = 304 for 14 |b., 
which subtracted from the 6127, leaves 5824 heat-units as the net fuel value 
of the wood per pound, or about 0.4 that of a pound of carbon, 


Composition of Wood. 
(Analysis of Woods, by M. Eugene Chevandier.} 


Composition, 
Woods. 
Carbon. | Hydrogen. Oxygen. | Nitrogen. Ash, 
BRGCR 5b scene 49.36% 6.01% 42.69% 0.91% 1.06% 
Oak..... -| 49.64 5.92 41.16 1.29 1.97 
Birch 50.20 6.20 41.62 1.15 0.81 
Poplar 49.37 6.21 41.60 0.96 1.86 
Willow .. 49.96 5.96 39.56 0.96 8.37 
Soe i ne eH Gc tT 
Average .......] 49.70% 6.06% 41.30% 1.05% 1.80% 


The following table, prepared by M. Violette, shows the proportion of 
water expelled from wood at gradually increasing temperatures: 
ees ee aE ee es Sea ae 
Water Expelled from 100 Parts of Wood. 


Temperature, 
Elm. Walnut. 
15.32 15.55 
17.02 17.43 
36.94? 21.00 
38 41.77? 
40.56 36.56 


The wood operated upon had been kept in store during two years. When 
wood which has been strongly dried by means of artificial heat is left ex- 
posed to the atmosphere, it reabsorbs about as much water as it contains 
in its air-dried state. 

A cord of wood = 4% 4% 8 = 198 cu, ft. About 56% solid wood and 444 
interstitial spaces. (Marcus Bull, Phila,, 1829. J. C. I. W., vol. i. p. 293.) 

_B. E. Fernow gives the per cent of solid wood in a cord as determined offi, 
cially in Prussia (J. GC, I. W.., vol. iii. p. 20): 
Timber cords, 74.07% = 80 cu. ft. per cords 
Firewood cords (over 6” diam), 69.44% = 75 cu. ft. per cord; 
** Billet”’ cords (over 3” diam.), 55.55% = 60 eu. ft. per cord; 
“ Brush” woods less than 3” diam., 18.52%; Roots, 37.00%. 


CHARCOAL, 


According to Peclet, 100 parts by weight of wood when charred ina heap 
yield from 17 to 22 parts by weight of charcoal, and when charred in a 
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wood fs lost during the partial combustion in a heap, and about one quarter 
during the distillation in a retort. 

To char 100 parts by weight of wood ina retort, 1214 ee of wood must 
be burned in the furnace. Hence in this process the whole expenditure of 
wood to produce from 28 to 30 parts of charcoal is 11234 parts; so that if the 
weight of charcoal obtained is compared with the whole weight of wood 
expended, its amount is from 25% to 27%; and the proportion lost is on an 
average 1114 + 3714 = 0.8, nearly. 

According to Peclet, good wood charcoal contains about 0,07 of its weight 
of ash. The proportion of ash in peat charcoal is very variable, and is es- 
timated on an average at about 0.18. (Rankine.) 

Much information concerning charcoal may be found in the Journal of the 
_Charcoal-iron Workers’ Assn., vols. i. to vi, From this source the following 
notes have been taken: 

Wield of Charcoal from a Cord of Wood.—From 45 to 50- 
bushels to the cord in the kiln, and from 30 to 35 in the meiler. Prof. Egles- 
ton in Trans, A. I. M. E., viii. 395, says the yield from kilns in the Lake 
Champlain region is often from 50 to 60 bushels for hard wood and 50 for 
soft wood; the average is about 50 bushels. 

The apparent yield per cord depends largely upon whether the cord is a 
full cord of 128 cu. ft. or not. : 

In a four months’ test of a kiln at Goodrich, Tenn., Dr. H. M. Pierce found 
results as follows: Dimensions of kiln—inside diameter of base, 28 ft. 8 in.; 
diam. at spring of arch, 26 ft. 8 in.; height of walls, 8 ft.; rise of arch, 5 ft.; 
capacity, 30 cords. Highest yield of charcoal per cord of wood (measured) 
59.27 bushels, lowest 50.14 bushels, average 53.65 bushels, 

No. of charges 12, length of each turn or period from one charging to 
another 11 days. (J.C. I. W., vol. vi. p. 26.) 


KResults trom Different Methods of Charcoal-making, 


“ya we 

Yield. a8 ae 
Oo, 
gel|eeloge leas 
Coaling Methods. Character of Wood used.|£ 8(8slaSs\ 28 8 
3 Kees > p(Setlens 
Pr sige stosa 

s 
Seats ase ie 

_ Odelstjerna’s experiments|Birch dried at 230 F,......].... BB. 9) cede aware oA 


Air dry, av. good yel- 
low pine weighing 
eisded abt. 28 Ibs. per cu. ft. ) |65.8/24.2] 54.2 | 15.7 


cluded........0. . t 
Swedish ovens, ay. results aged Gays and pine, 81.0]27.7] 66.7 | 18.3 


ersece 


Mathieu’s retorts, fuel ex- 
Mathieu’s re : | 


mixed. 
Swedish ovens, av. resuits and pine 70.0/25 8] 62.0 | 13.8 
Ibs. per cu. ft, 52.5/18 8] 43.9 | 13.3 


Poor wood, mixed fir 
Swedish meilers excep-|(Fir and white-pine ) |72.2/24.7| 59.5 | 18.3 
wood, mixed. Av. 25 
American kilns, ay. results| (Av. good yellow pine) |54.7/22.0| 45.0 | 17.5 a 
American meilers, av. re- weighing abt, 25 Ibs. 
inp lavinleEeae 42.917.11 85 0 | 17.5 


SHUR iat. ot per cu. ft. 


Consumption of Charcoal in Blast-furnaces per Ton of 
Pig Iron 3 average consumption according to census of 1880, 1.14 tons 
eharcoal per ton of pig. The consumption at the best furnaces is much 
below this average. As low as 0.853 ton, is recorded of the Morgan furnace; 
Bay furnace, 0.858; Elk Rapids, 0.884. (1892.) 

Absorption of Water and of Gases by Charcoal, —Svedlius, _ 
in his hand-book for charcoal-burners, prepared for the Swedish Govern- 
ment, says: Fresh charcoal, also reheated charcoal, contains scarcely 
any water but when cooled it absorbs it very rapidly, so that after 
twenty-four hours, it may contain 4% to 84 of water. After the lapse of a 
few weeks the moisture of charcoal may not increase perceptibly, and may 

be estimated at 10% to 15%, or an average of 12% A thoroughly charred 
piece of charcoal ought, then, to contain about 84 Parts carbon. 12 parts 
water, 3 parts ash, and 1 part hydrogen. 
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M. Saussure, operating with blocks of fine boxwood charcoal, freshly 
burnt, found that by simply placing such blocks in contact with certain 
gases they absorbe? them in the following proportion: 


Volumes. Volumes. 
PAINMNONIG fe pac- oilon vs Saws oetav 90.00 Carbonic Oxide. <...d....0c000040 9.42 
Hydrochloric-acid gas -- 85.00 Oxygen,........ ‘ ereese 9.25 
Sulphurous acid........... «+. 65.00 Nitrogen. .....+.s0. tas site oes 0.00 
Sulphuretted hydrogen ....., 55.00 Oarburetted hydrogen... ase, 5,00 
Nitrous oxide (laughing-gas).. 40.00 Hydrogen.,..., pe Walang ainalae's @ blbiabs aa 
Carbonic acid....... ...eeeeee 85,00 


It is this enormous absorptive power that renders of so much value a 
comparatively slight sprinkling of charcoal over dead animal matter, as a 
preventive of the escape of odors arising from decomposition. 

In a box or case containing one ecubie foot of charcoal may be stored 
without mechanical compression a little over nine cubic feet of oxygen, 
representing a mechanical pressure of one hundred and twenty-six pounds 
to the square inch. From the store thus preserved the oxygen can be 
drawn by a small hand-pump. 


| Composition of Charcoal Produced at Various Temperas 
| tures. (By M. Violette.) 


Composition of the Solid Product. 
erg sry 


Hydro- 5 Nitrogen 
gen, | OXY8eD. |ang Tam Ash, 


Temperature of Car- 


bonization. Carbon. 


Cent. Fahr, Per cent./Per cent./Per cent.|Per cent.|Per cent. 
47.5 6.12 46.29 0.08 47.51 


1 150° 302° 

2 200 392 51,82 8.99 43.98 0.23 89.88 
3 250 482 65.59 4.81 28.97 0.63 82.98 
4 800 592 73.24 4.25 21.96 0.57 24.61 
5 850 662 76.64 4.14 18.44 0.61 22.42 
6 432 810 81.64 4.96 15.24 1.61 15.40 
vi 1023 1873 81.97 2.30 14.15 1.60 15.30 


The wood experimented on was that of black alder, or alder buckthora, 
which furnishes a charcoal suitable for gunpowder. It was previously 
dried at 150 deg. C. = 302 deg. F. 
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Dust Fuel—Dust Explosions.—Dust when mixed in air burns with 
such extreme rapidity as in some cases to cause explosions, Explosions of 
flour-mills have been attributed to ignition of the dust in confined passages. 
Experiments in England in 1876 on the effect of coal-dust in carrying flame in 
mines showed that in a dusty passage the flame from a blown-out shot may 

* travel 50 yards. Prof. F. A. Abel (Trans. A. I. M. B., xiii, 260 says that coal- 
dust in mines much promotes and extends explosions, and that it may read- 
ily be brought into operation as a fiercely burning agent which will carry 
flame rapidly as far as its mixture with air extends, and will Operate as en 
explosive agent though the medium of a very small proportion of fire-damp 
in the air of the mine. The explosive violence of the combustion of dust is 
largely due to the instantaneous heating and consequent expansion of the 
air. (See also paper on “ Coal Dust as an Explosive Agent,” by Dr, R. W. 
Raymond, Trans. A. I, M, E. 1894.) Experiments made in Germany in 1893, 
show that pulverized fuel may be burned without smoke, and with high 
economy. The fuel, instead of being introduced into the fire-box in the 
ordinary manner, is first reduced to a powder by pulverizers of any con- 
struction. In the place of the ordinary boiler fire-box there is a combustion 
chamber in the form of a closed furnace lined with fire-brick and provided 
with an air-inje tor. he nozzle throws a constant stream of fuel into the 
chamber, scattering it throughout the whole space of the fire-box, When 
this powder is once ignited, and it is very readily done by first raising the 
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lining to x high temperature by an open fire, the combustion continues in 
_ an intease and regular manuer under the action of the current of air which 
carries itin. (Mfrs. Record, April, 1893.) 

Records of tests with the Wegener powdered-coal apparatus, which is 
now (1900) in use in Germany, are given in Eng. News, Sept. 16, 1897. Coal- 
‘dust fuel is now extensively used in the United States in rotary kilns for 
burning Portland cement. 

Powdered fuel was used in the Crompton rotary puddling-furnace at 
Woolwich Arsenal, England, in 1873. (Jour. I. & S. L., i. 1878, p. 91.) 

Peat or Turf, as usually dried in the air, contains from 252 to 304 of 
water, which must be allowed for in estimating its heat of combustion. This 
water having been evaporated, the analysis of M. Regnault gives, in 100 
parts of perfectly dry peat of the best quality: C 58z, H 6%, O 374, Ash 5¢. 

' In some examples of peat the quantity of ash is greater, amounting to 7% 
and sometimes to 11%. 

_The specific gravity of peat in its ordinary state is about 0.4 or 0.5. Itcan 
be compressed by machinery to a much greater density. (Rankine. 

Clark (Steam-engine, i. 61) gives as the average composition of dried Irish 
peat: C 59%, H 6%, O 30%, N 1.25%, Ash 4¢, 

Applying Dulong’s formula to this analysis, we obtain for the heating value 
of perfectly dry peat 10,260 heat-units per pound, and for air-dried peat con- 
taining 25% of moisture, after making allowance for evaporating the water, 
7391 heat-units per pound. 

Sawdust as Fuel.—The heating power of sawdust is naturally the 
same per pound as that of the wood from which it is derived, but if allowed 
to get wet it is more like spent tan (which see below). The conditions neces- 
sary for burning sawdust are that plenty of room should be given it in the 
furnace, and sufficient air supplied on the surface of the mass. The same 
applies to shavings, refuse lumber, ete. Sawdust is fi uently burned in 
saw-mills, ete., by being blown into the furnace by a fan-blast, 

. Wet Tan Bark as Fuel.—Tan, or oak bark, after having been used 
ta the processes of tanning, is burned as fuel. The spent tan consists of the 
fibrous portion of the bark. According to M. Peclet, five parts of oak bark 
produce four parts of dry tan; and the heating power of perfectly dry tan, 
containing 15% of ash, is 6100 English units; whilst that of tan in an or inary 
state of dryness, containing 30% of water, is only 4284 English units. The 
weight of water evapora from and at 212° by one pound of tan; equiva- 
lent to these heating powers, is, for perfectly dry tan, 5.46 Ibs,, for tan with 
30% moisture. 3.84 lbs. Experiments by Prof. R. H. Thurston (Jour. Frank, 
inst., 1874) gave with the Crockett furnace, the wet tan containing 59% of 
water, an evaporation from and at 212° F. of 4.24 lbs. of water per pound 
of the wet tan, and with the Thompson furnace an evaporation of 3.19 Ibs, 
per pound of wet tan containing 55¢ of water. The Thompson furnace con- 
sisted of six fire-brick ovens, each 9 feet X 4 feet 4 inches, containing 234 

are feet of grate in all, for three boilers with a total heating surface of 
2000 square feet, a ratin of heating to grate surface of 9to1. The tan was 
fed through holesin the top. The Crockett furnace was an ordin fire- 
brick furnace, 6 X 4 feet, built in front of the boiler, instead of under it, the 
ratio of heating surface to grate being 14.6 to 1. According to Prof. Thurs- 
ton the conditions of success in burning wet fuel are the surrounding of the 
mass so completely with heated surfaces and with burning fuel that it may 
be rapidly dried, and then so arranging the apparatus that thorough com- 
bustion may be secured, and that the rapidity of combustion be precisely 

ual to and never exceed the rapidity of desiccation. Where this rapidity 
of combustion is exceeded the dry portion is consumed completely, leaving 
an uncovered mass of fuel which refuses to take fire. 

Straw as Fuel. (Lng’g Mechanics, Feb., 1893, p. 55.)—Experiments in 
Russia showed that winter-wheat straw, dried at 230° F., had the following 
composition: C, 46.1; H, 5.6; N, 0.42: O, 43.7; Ash, 4.1. Heating value in 
British thermal units: dry straw, 6290; with 6% water, 5770; with 10¢ water, 
5448. With straws of other grains the heating value of dry straw rang 
from 5590 for buckwheat to 6750 for flax. _ 

Clark (S. E., vol. 1, p. 62) gives the mean composition of wheat and barley 
straw as C, 36; H, 5; O. 38; O, 0.50; Ash, 4.75; water, 15.75, the two straws 
varying less thani#. The heating value of straw of this composition, accord- 
ing to Dulong’s formula, and deducting the heat lost in evaporating the 

_ water, is 5155 heat units. Clark erroneously gives it as 8144 heat units. 
_ Bagasse as Fuel in Sugar Manufacture,--Bagasse is the name 
given to refuse sugar-cane, after the juice has been extracted. Prof. L. A. 
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Becuel, in 2 gales read before the Louisiana Sugar Chemists’ Association, in 
1892, s2ys; “ With tropical cane containing 12.5% woody fibre, a juice contain- 
ing 16.13% solids, and 83.874 water, bagasse of, say, 66% and 72% mill extrac _ 
tion would have the following percentage composition: 


Woody Combustible 
Salts. Water. 


66% b a 10 53 
BEASSOsiicn< covecescceureteces 
22% DAZASSO Seen ok wice dd doesent eA 9 46 


“Assuming that the woody fibre contains 51% carbon, the sugar and other 
combustible matters an average of 42.1%, and that 12,906 units of heat are 
generated for every ponnd of carbon consumed, the 66% bagasse is capable 
of generating 297,834 heat units per 100 lbs, as against 345,200, or a difference 
of 47,366 units in favor of the 72% bagasse. 

“Assuming the temperature of the waste gases to be 450° F., that of the 
Surrounding atmosphere and water in the bagasse at 86° F,., and the quan- 
tity of air necessary for the combustion of one pound of earbon at 24 Ibs., 
the lost heat will be as follows: In the waste gases, heating air from 86° to 


“ Subtracting these quantities from the above, we find that the 66% bagasse 
will produce 185,288 available heat units per 100 lbs., or nearly 24% less than 
the 72% bagasse, which gives 229,050 units. Accordingly, one ton of cane of 
2000 Ibs. at 66% mill extraction will produce 680 Ibs. bagasse, equal to 1,259,958 
available heat units, while the same cane at 72% extraction will produce 560 
Ibs. bagasse, equal to 1,282,680 units. 

“A similar calculation for the case of Louisiana cane containing 10% woody 


the quantity of water to be evaporated during the process of manufacture, 
To effect a 714-lb. evaporation requires 190 lbs. of coal, aud 14214 lbs. for a 10+ 


“To reduce 1650 Ibs. of juice to syrup of, say, 27° Baumé, requires the evap. 
oration of 1170 lbs. of water, leaving 480 Ibs, of syrup. If this work be ac- 
complished in the open air, it will require about 156 lbs. of coal at 7 lbs, 
boiler evaporation, and 117 at 10 lbs, evaporation, 

“With a double effect the fuel required would be from 59 to 78 Ibs., and 
witha nine effect, from 36 to 52 Ibs. 

““To reduce the above 480 lbs. of syrup to the consistency of commercial 
massecuite means the further evaporation of 255 lbs, of water, requiring 
the expenditure of 34 lbs, coal at 74 lbs. boiler evaporation, and 2516 lbs 
with a 10-lb. evaporation. Hence, to manufacture one ton of cane into sugar 
and molasses, it will take from 145 to 190 Ibs. additional coal to do the work 
by the open evaporator process; from 85 to 112 lbs. with a double effect, and 
only 744 lbs. evaporation in the boilers, while with 10 lbs. boiler evaporation 
the bagasse alone is capable of furnishing 8% more heat than is actually re- 
quired to do the work. With triple-effect evaporation depending on the ex- 
cellence of the boiler plant, the 1425 lbs. of water to be evaporated from the 
juice will require between 62 and 86 Ibs. of coal. These values show that 
from 6 to 30 lbs. of coal can be spared from the value of the bagasse to run 


“It accordingly appears,” says Prof. Becuel, ‘‘ that with the best boiler 
plants, those taking up all the available heat generated, by using this heat 
economically the bagasse can be made to supply all the fuel required by our 


) 


\ 
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PETROLEUM. 
Products of the Distillation of Crude Petroleum, 


Crude American petroleum of s 


p. gr. 0.800 may be split up by fractional 


distillation as follows (Robinson’s Gas and Petroleum Engines): 


Temp. of | Pp, . Flashing 
Distillation Distillate. Sr Cent Pr ePenla ee ang 
Fahr. BES: Gravity. Deg. F. 
113° Rhigolene, ; 
113 to 140° |Chymogene. { "*"*7** + tr tee 
» 140 to 158° |Gasolene (petroleum spirit)... 


158 to 248° 
248° 
to 
347° 
338° and 
upwards. 
482° 


; Benzine, paphtha B 
“ paar 


Kerosene (lamp-oil)... 


Lubricating oil... 
Paraffine wax.. 
Residue and Los 


Benzine, naphtha C, benzolene. 


Polishing oils. .. .... 


915 


230 - 


Lima Petroleum, produced at Lima, Ohio, 
very fluid, and marks 48° Baumé at 15° C. (sp. gr., 0. 
The distillation in fifty parts, each part representing 


is on a dark green color, 
wf . 
2% by volume, gave 


the following results: 
Per Sp. Per Sp. Per Sp. Per Sp. Per Sp. Per Sp. 
cent. Gr. cent. Gr. cent. Gr, cent. Gr. cent, Gr. cent. Gr. 
2 0.680 18 0.720 34 0.764 50 0.802 68 0.820 88 0.815 
4 <683) -20:....72 36. 768 52 7 825 90 815 
6 -685 22... .730 Vi2 to} .806 72.830 2] 
8 -690 24 £785 40 .778 58 Te .830 92 3 
10 -694 26 .740 42 .782 60 .800 7 810 to 3 
12.698 28 44.788 62.804. 78.820 100 3 
14 -700 30 =.746 46 792 64 .808 82.818 ® 
16 0B. 82-527 48. .800 66 .812 86 .816 & 
S. 


R 
: bet per cent naphtha, 70° Baumé. 


burning oil, 


6 per cent paraffine oil, 
10 ed residuum. 


The distillation started at 28° C., this being due to the large amount of 


naphtha present, and when 60% was reached, at a temperature of 310° C 
the hydrocarbons remaining in the retort were dissociated, then gases 


a) 


escaped, lighter distillates were obtained, and, as usual in such cases, the 
temperature decreased from 310° C. down gradually to 200°°C., until 15% of 
oil was obtained, and from this point the temperature remained constant 


until the end of the distillation. 


Therefore these hydrocarbons in statu 


moriendi absorbed much heat. (Jour. Am. Chem. Soc.) « 
Value of Petroleum as Fuel.—Thos. Urquhart, of Russia (Proc, 

Tust. M. E., Jan. 1889), gives the following table of the theoretical evapora: 

tive power of petroleum in comparison with that of coal, as determined by 


Messrs. Favre & Silbermann: 


\Specific . Theoret. 
Gravity] Chem, Comp. Sea Eyvap., Ibs. 
Fuel. ean British | Water per 
Water | OC. H. | oO. ta from ail 
= 1,000. BMS: | at 212° F. 
S.G. | p.c.|p.¢.|p.ec.] Units. Ibs. 
Penna. heavy crude oil..../ 0.886 | 84.9 | 138.7} 1.4 20,736 21.48 
Caucasian light crude oil..| 0.884 | 86.3 | 13.6 | 0.1 22,027 22.79 
a heavy ‘** “../ 0.938 | 86.6 | 12.3] 1.1 20,138 20.85 
Petroleum refuse.......... 0.928 | 87.1} 11.7 | 1.2 19,832 20.53 
Good English Coal, Mean 
of 98 Samples........... 80.0} 5.0} 8.0 14,112 14.61 
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In experiments on Russian railways with petroleum as fuel Mr. Urquhart 
obtained an actual efficiency equal to 82% of the theoretical heating-value. 
The petroleum is fed to the furnace by means of a spray-injecter driven by 
steam, An induced current of air is cariied in around the injector-nozzle, 
and additional air is supplied at the bottom of the furnace. 

Gil vs. Coal as Fuel, (Iron Age, Nov. 2, 1893.)—Test by the Twin 
City Rapid Transit Company of Minneapolis and St. Paul. This test showed 
that with the ordinary Lima oil weighing 6 6/10 pounds per gallon, and 
costing 214 cents per gallon, and coal that gave an evaporation of 71 lbs. of 
water per pound of coal, the two fuels were equally economical when the 
price of coal was $3.85 per ton of 2000 Ibs. With the same coal at $2.00 per 
ton, the coal was 37% more economical, and with the coal at $4.85 per ton, 
the coal was 20% more expensive than the oil. These results include the 
ifference in the cost of handling the coal, ashes, and oil. 

In 1892 there were reported to the Engineers’ Club of Philadelphia some 
comparative figures, from tests undertaken to ascertain the relative value 
of coal, petroleum, and gas. ; 

Lbs. Water, from 


and at 212° F. 
1 Ib. anthracite coal evaporated 9.70 
1 Ib. bituminous coal.......... wees: 10,14 
1 1b. fuel oil, 36° gravity........ 16.48 


Teubic foot gas) 20 O.Poeer sv eskn ccc casetee pcoveatecus O1G28 


The gas used was that obtained in the destillation of petroleum, having 
about the same fuel-value as natural or coal-gas of equal candle-power. 

Taking the efficiency of bituminous coal as a basis, the calorific energy of 
petroleum is more than €0% greater than that of coal ; whereas, theoretically, 
petroleum exceeds coal only about 45%—the one containing 14,500 heat-units. 

and the other 21,000, 

Crude Petroleum vs. Indiana Block Coal for Steam= 
raising at the South Chicago Steel Works, (&. C. Potter, 
Traus, A. I. M. E., xvii, 807.)—With coal, 14 tubular boilers 16 ft. x 5ft. re: 
quired 25 men to operate them ; with fuel oil, 6 men were required, a saying 
of 19 men at $2 per day, or $33 per day. 

For one week’s work 2731 barrels of oil were used, against 848 tons of coal 
required for the same work, showing 3.22 barrels of oil to be equivalent to 1 
ton of coal. With oil at 60 cents per barrel and coal at $2.15 per ton, the rel- 
a cost of oil to coal is as $1.98 to $2.15. No evaporation tests were 
mInade. 

Petroleum as a Metallurgical Fuel.—c, E. Felton (Trans, A. I. 
M. E., Xvii, 809) reports a series of trials with oil as fuel in steel-heating and 
open-hearth steel-furnaces, and in raising steam, with results as follows: 1. 
Iu a run of six weeks the consumption of oil, partly refined (the paraffine 
and some of the naphtha being removed), in heating 14-inch ingots in Siemens 
furnaces was about 614 gallons per ton of blooms. 2. In melting in a 30-ton 
open-hearth furnace 48 gallons of oil were used per ton of ingots. 3. In a 
81x weeks’ trial with Lima oil from 47 to 54 gallons of oil were required per 
ton of ingots. 4. In a six months’ trial with Siemens heating-furnaces the 
consumption of Lima oil was 6 gallons per ton of ingots. Under the most 
favorable circumstances, charging hot ingots and running full capacity, 446 
to 5 gallons per ton were required. 5. In raising steam in two 100-H.P. 
tubular boilers, the feed-water being supplied at 160° F., the average evap- 
Oration was about 12 pounds of water per pound of oil, the best 12 hours’ 
work being 16 pounds, 

In all of the trials the oil was vaporized in the Archer producer, an apparat- 
us for mixing the oil and superheated steam, and heating the mixture toa 
high temperature. From 0.5 lb. to 0.75 lb. of pea-coal was used per gallon 
of oil in the vroducer itself, 

- FUEL GAS, 


The following notes are extracted from a paper by W. J. Taylor on “The 
Energy of Fuel’ (Trans. A. I. M. E., xviii. 205): 

Carbon Gas,—In the old Siemens producer, practically, all the heat of 

rimary combustion—that is, the burning of solid carbon to carbon monox- 
ide, or about 30% of the total carbon energy—was lost, as little or no steam 
was used in the producer, and nearly all the sensible heat of the gas was 
dissipated in its passage from the producer to the furnace, which was usu- 
ally placed at a considerable distance. 

Modern practice has improved on this plan, by introducing steam with the 
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| ir blown into the producer, and by utilizing the sensible heat of the gas in 

Yhe combustion-furnace. It ought to be possible to oxidize one out of every 

four lbs. of carbon with oxygen derived from water-vapor. The thermic 
reactions in this operation are as follows: 


Heat-units. 

| 4 lbs. C burned to CO (8 lbs. gasified with air and 1 Ib. with water) 
: GEVEIOD. 6.000 jen iB hewinist we BO: <to's Gr i aC ISO aEICOCIGCE DEE erp Nti ion 17,600 

ie Ibs. of water (which furnish 1.88 lbs. of oxygen to combine with 1 
Ib. of carbon) absorb by dissociation... .............2......... 333 

The gas, consisting of 9.333 Ibs. CO, 0.167 Ib. H, and 13. 

B00 absorbs 2.2 See eee hee ae eerie se per elaine 8,748 
Leaving for radiation and loss............0s eseees0e 3,519 
17,600 


The steam which is blown into a producer with the air is almost all con- 
densed into finely-divided water before entering the fuel, and consequently 
is considered as water in these calculations. 

The 1.5 lbs. of water liberates .167 lb. of hydrogen, which is delivered to 
the gas, and yields in combustion the same heat that it absorbs in the pro- 
ducer by dissociation. According to this calculation. therefore, 60% of the 
heat of primary combustion is theoretically recovered by the dissociation of 
steam, and, even if all the sensible heat of the gas be counted, with radia- 
tion and other minor items, as loss, yet the Bas must carry 4 x 14,500 — 
(8748 + 3519) = 50,733 heat-units, or 87% of the calorific energy of the carvon. 
This estimate shows a loss in conversion of 13%, without crediting the gas 
with its sensible heat, or charging it with the heat required for generating 
the necessary steam, or taking into account the loss due to oxidizing some 
of the carbon to COg. In good producer-practice the proportion of CO, in 
the gas represents from 4% to 7% of the C burned to CO,. but the extra heat 
of this combustion should be largely recovered in the dissociation of more 
water-vapor, and therefore does not represent as much loss as it would indi- 
cate. Asa conveyer of energy, this gas has the advantage of carrying 4.46 
Ibs. less nitrogen than would be present if the fourth pound of coal bad 
been gasified with air; and in practical working the use of steam reduces 
the amount of clinkering in the producer. 

Anthracite Gas.—In anthracite coal there is a volatile combustible 
varying in quantity from 1.5% to over 7%. The amount of energy derived 
from the coal is shown in the following theoretical gasification made with 
coal of assumed composition: Carbon, 85¢; vol. HQ, 5%; ash, 10%; 80 Ibs. car- 
bon assumed to be burned to CO; 5 lbs. carbon burned to CO,; three fourths 
of the necessary oxygen derived from air, and one fourth from water. 


— Products,—— — 
Process. Pounds. Cubic Feet. Anal. by Vol. 
80 Ibs. C burned to.. -.-.CO 186.66 2529.24 33.4 
5 lbs. C burned to...... -CO, 18.33 157.64 2.0 
5 lbs. vol. HC (distilled) .............. 5.00 116.60 1.6 
120 lbs. oxygen are required, of which 
30 Ibs. from H,Oliberate.........H 3.75 712.50 9.4 
90 Ibs, from air are associatied with N 301.05 4064.17 53.6 
514.79 7580.15 100.0 
Energy in the above gas obtained from 100 Ibs. anthracite: 
a 186.66 lbs. CO........... 807,304 heat-units, 
5007S i Orig ste sient 117,500 As 
3.75)" §* bs REA Ra 232,500 ae 
1,157,304 


Total energy in gas perlb...... - _ 2,248 
- e “100 Ibs. of coal. .1,349,500 a? 
Efficiency of the conversion ............. 86%. 

The sum of CO and H exceeds the results obtained in practice. The sen- 
sible heat of the gas will probably account for this discrepancy, and, there- 
fore, it is safe to assume the possibility of delivering at least 82% of the 
energy of the anthracite. : é 

Bituminous Gas.—A theoretical gasification of 100 lbs. of coal, con- 

‘taining 55% of carbon and 32% of volatile combustible (which is above the 
‘average of Pittsburgh coal), is made in the following table. It is assumed 
that 50 Ibs. of C are burned to CO and 5 Ibs. to CO,; one fourth of the O ig 
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derived from steam and three fourths from air; the heat value of the 
volatile combustible is taken at 20,000 heat-units to the pound, _ In comput- 
ing volumetric proportions all the volatile hydrocarbons, fixed as well as 
condensing, are classed as marsh-gas, since it is only by some such tenta- 
tive assumption that even an approximate idea of the volumetric composi- 
tion can be formed. The energy, however, is calculated from weight: 


— ——Products, 


ae TET eS Pee S 
Process. Pounds. Cubic Feet, Anal. by Vol. 
50 Ibs. C burned to...........-..-.--CO 116.66 1580.7 27.8 
5 lbs. C burned to.......... xe ec tes CO, 18.33 157.6 2.7 
$2 Ibs. vol. HC (distilled)............... 32.00 746.2 13.2 
80 Ibs. O are required, of which 20 Ibs., 
derived from H,0, liberate..... eile Homleat A) 475.0 8.3 
60 lbs. O, derived from air, are asso- 
ciated with 3.0.0.5... . Seneereere N_ 200.70 2709.4 47.8 
870.19 5668.9 99.8 
Energy in 116.66 Ibs. CO.._ .... 504,554 heat-units, 
«~~ * 32.00 Ibs. vol. HC.... 640,000 * 
Laide 0 ( 2) 1s 3 ho SES 155,000 a 
1,299,554 “ 
Snerey''in ‘coal tee gas cet on 1,437,500 oy 
Per cent of energy delivered in gas...... Rhee s OOO 
Heat-units in 1 lb, of gas.......... Me haowistnsn 8,484 


Water-gas,—Water-gas is made in an intermittent process, by blowing 
up the fuel-bed of the producer to a high state of incandescence (and in 
some cases utilizing the resulting gas, which is a lean producer-gas), then’ 
shutting off the air and forcing steam through the fuel, which dissociates 
the water into its elements of oxygen and hydrogen, the former combining 
with the carbon of the coal, and the latter being liberated. 

This gas can never play a very important part in the industrial field, owing 
to the large loss of energy entailed in its production, yet there are places 
and special purposes where it is desirable, even at a great excess in cost per 
unit of heat over producens for instance, in small high-temperature fur- 
naces, where much regeneration is impracticable, or where the “ blow-up” 
gas can be used for other purposes instead of being wasted. 

The reactions and energy required in the production of 1000 feet of water- 
gas, composed, theoretically, of equal volumes of CO and H, are as follows: 


DOO cubic'feet Of H Weighiteercs.acscos ves avinaac ssee toes eves 2.635 Ibs. 
500 cubic feet of CO weigh.. Pal GO:00 
Total weight of 1000 cubic feet........ ... RE ocd 39.525 Ibs. 


Now, as CO is composed of 12 parts C to 16 of O, the weight of C in 36.89 
Ibs. is 15.81 lbs. and of O 21.08 Ibs. When this oxygen is derived from water 
it liberates, as above, 2.635 Ibs. of hydrogen. The heat developed and ab- 
sorbed in these reactions (roughly, as we will not take into account the en- 
ergy required to elevate the coal from the temperature of the atmosphere 
to say 1800°) is as follows: 


Heat-units. 
2.635 lbs. H absorb in dissociation from water 2.625 < 62,000.. = 163,370 
5.81 lbs, C burned to CO develops 15.81 < 4400...........--+.- = 69,564 
Excess of heat-absorption over heat-development ........ = 93,806 


If this excess could be made up from © burnt to CO, without loss by radi- 
ation, we would only have to burn an additional 4.83 lbs. C to supply this 
heat, and we could then make 1000 feet of water-gas from 20,64 lbs. of car- 
bon (equal 24 lbs. of 85% coal). This would be the perfection of gas-making, 
as the gas would contain really the same energy as the coal; but instead, we 
require in practice more than double this amount of coal, and do not deliver 
more than 50% of the energy of the fuel in the gas, because the supporting 
heat is obtained inan indirect way and with imperfect combustion. Besides 
this, it is not often that the sum of the CO and H exceed 90%, the balance be- 
ing CO, and N. But water-gas should be made with much less loss of en- 
ergy by burning the ‘‘ blow-up” (producer) gas in brick regenerators, the 
pereoru heat of which can be returned to the producer by the air used in 

owing-up. 

The following table shows what may be considered average volumetric 
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'\ analyses, and the weight and energy of 1000 cubic feet, of the four types of 
gases used for heating and illuminating purposes: 


Natural) Coal- | Water- 
Gas. gas. gas. 


Producer-gas. 


Anthra. Bite 


0.50 6.0 45.0 27.0 7.0 
2.18 46.0 45.0 12.0 12.0 
92.6 40.0 2.0 1.2 2.5 
0.31 SOM ae 6 mihivitecainee 0.4 
0.26 0.5 4.0 2.5 2.5 
8.61 1.5 2.0 57.0 56.2 
-| 0.384 0.5 0.5 0.3 0.3 
Sele ffevlve saieegs 2 LSD Pp Gt} wes ale eae 
«+ |%45.6 32.0 45.6 65.6 


65.9 
1,100,000] 735,000 | 322,000 | 137,455 | 156,917 


Natural Gas in Ohio and Indiana. 
(Eng. and M. J., April 21, 1894.) 


Ohio. Indiana. 

Description. Fos- |p; St Ander-| Koko- | Mar- 
toria, |Findlay Mary’s. Muncie, son. mo. | ion. 

Hydrogen... «=| 1.89 1.64 1.94 2.35 1,86 1.42 | 1.20 
Marsh-gas. 92.84 | 93.35 | 93.85 | 92.67 | 98.07 | 94.16 193.57 
Olefiant gas........ -20 3 . 25 4 3 +15 
Carbon monoxide.. -55 41 44 45 73 55 -60 
Carbon dioxide.... 20 25 23 25 26 29 80 
Oxygen. ieee. «35 .39 .35 35 42 30 -55 
Nitrogen... .....0.. 3.82 3.41 2.98 3.53 3.02 2.80 | 3.42 
Hydrogen sulphide «15 -20 21 15 «15 218) 21 = 320 


Approximately 30,000 cubic feet of gas have the heating power of one 
ton of coal. 


Producer-gas from One Ton of Coal. 
(W. H. Blauvelt, Trans, A. I, M. E., xviii. 614.) 


Analysis by Vol.|(°% |Cubic Feet.| Lbs. Equal to— 
SOS aaa 25.3] 33,218.84] 2451.20) 1050.51 Ibs. C+ 1400.7 Ibs. O. 
she “| “9'2] aelorzi76| 63.56] 63.56“ H. 
3.1| 4,069.68] 174.66] 174.66 “ CH,. 
0.8| 1050.24] 77.78] 77.78 * C,H4. 
3.4|  4/463.52| 519.02| 141.54 “ OL 877.44 Ibs, O. 
58.2|  76,404.96| 5659.63] 7350.17 “ Air. 


100.0] 181,280.00] 8945.85 


Calculated upon this basis, the 131,280 ft. of gas from the ton of coal con- 
tained 20,311,162 B.T.U., or 155 B.T.U. per cubic ft., or 2270 B.T.U. per Ib. 

The composition of the coal from which this gas was made was as follows: 
Water, 1.26%; volatile matter, 36.22%; fixed ‘carbon, 57.98%; sulphur, 0.70%; 
ash, 3.78%. One ton contains 1159.6 Ibs. carbon and 724.4 lbs, volatile com- 
bustible, the energy of which is 31,302,200 B.T.U. Hence, in the processes of _ 
gasification and purification there was a loss of 35.2% of the energy of the 
coal, 

The composition of the hydrocarbons in a soft coal is uncertain and quite 
complex; but the ultimate analysis of the average coal shows that it ap- 
proaches quite nearly to the composition of CH, (marsh-gas). : 

Mr. Blauvelt emphasizes the following points as highly important in soft- 
toal producer-practice: 
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First. That a large percentage of the energy of the coal is lost when the 
sas is made in the ordinary low producer and cooled to the temperature of 
the air before being used. To prevent these sources of loss, the producer 
should be placed so as to lose as little as possible of the sensible heat of the 
gas, and prevent condensation of the hydrocarbon vapors. A high fuel-bed 
should be carried, keeping the producer cool on top, thereby preventing the 
breaking-down of the hydrocarbons and the deposit of soot, as well as keep- 
ing the carbonic acid low, 

Second, That a producer should be blown with as much steam mixed with 
the air as will maintain incandescence. This reduces the percentage of 
nitrogen and increases the hydrogen, thereby greatly enriching the gas, 
The temperature of the producer is kept down, diminishing the loss of heat 
by radiation through the walls, and in a large measure LE SCr ORNS, clinkers, 

The Combustion of Producer-gas, (H. H. Campbell, Trans, 
A.I. M. E., xix, 128.)—The combustion of the components of ordinary pro- 
ducer-gas may be represented by the following formulz: 

CaH, + 60 = 2C0, ae 2H,0; 2H + O = H,0; 
Gui £40= Corteo: Coto= ob, 
AVERAGE COMPOSITION BY VOLUME OF PRODUCER-GAS: A, MADE WITH OPEN 
GRATES, NO STEAM IN BLAST; B, OPEN GRatTES, STEAM-JET IN BuLasT. 10 
SAMPLES OF HACH. 


CO,. ‘O; C,Hy. co, H. CH,. N. 
Amin: ., 520s 3.6 0.4 0.2 20.0 5.3 3.0 58.7 
AES cs +e » 5.6 0.4 0.4 24.8 8.5 5.2 64.4 
A average... 4.84 0,4 0.34 22.1 6.8 3.74 61.78 
B min....... 4.6 0.4 0.2 20.8 6.9 2.2 57.2 
Bamax wins 6.0 0.8 0.4 24.0 9.8 8.4 62.0 
B average... 5.3 0. 0.36 22.74 8.37 2.56 60.13 


The coal used contained carbon 82%, hydrogen 4.74. 
The following are analyses of products of combustion : 


0. CO, CH,. H. N. 
0.2 trace. trace. trace. 80.1 
1.6 2.0 0.6 2.0 83.6 


0.8 0.4 0.1 0.2 82.2 


Use of Steam in Producers and in Boiler-furnaces. (R. 
W, Raymond, Trans. A. I. M. E., xx. 635,)—No possible use of steam can 
cause a gain of heat. If steam be introduced into a bed of incandescent 
carbon it is decomposed into hydrogen and oxygen. 

The heat absorbed by the reduction of one pound of steam to hydrogen is 
much greater in amount than the heat generated by the union of the 
ony ReH thus set free with carbon, forming either carbonic oxide or carbonic 
acid. Consequently, the effect of steam alone upon a bed of incandescent 
fuel is to chill it. In every water-gas me es a designed to produce by 
means of the decomposition of steam a fuel-gas relatively free from nitro- 
gen, the loss of heat in the producer must be compensated by some reheat- 
ing device, 

his loss may be recovered if the hydrogen of the steam is subsequently 
burned, to form steam again. Such a combustion of the hydrogen is con- 
templated, in the case of fuel-gas, as secured in the subsequent use of that 
gas. Assuming the oxidation of H to be complete, the use of steam will 
cause neither gain nor loss of heat, but a simple transference, the heat 
absorbed by steam decomposition being restored by hydrogen combustion, 
In practice, it may be doubted whether this restoration is ever complete. 
But it is certain that an excess of steam would defeat the reaction alto- 
gether, and that there must be a certain proportion of steam, which per- 
aie the realization of important advantages, without too great a net loss in 

eat. 

The advantage to be secured (in boiler furnaces using small sizes of 
anthracite) consists principally in the transfer of heat from the lower side 
of the fire, where it is not wanted, to the upper side, where it is wanted, 
The decomposition of the steam below cools the fuel and the grate-bars, 
whereas a blast of air alone would produce, at that point, intense combus- 
ee at first CO,), to the injury of the grate, the fusion of part of 

e fuel, ete. : Ae 

The proportion of steam most economical is not easily determined. The 
temperature of the steam itself, the nature of the fue] mixture, and the use 
or non-use of auxiliary air-supply, introduced into the gases aboye or 
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tee the fire-bed, are factors affecting the problem. (See Trans, 
A. I. M. E., xx. 625.) 
| Gas Analyses by Volume and by Weight.—To convert an an- 
alysis of a mixed gas by volume into analysis by weight: Multiply the per- 
centage of each constituent gas by the density of that gas (see p. 166). Divide 
each product by the sum of the products to obtain the percentages by weight. 
Gas-fuel for Small Furnaces,—E. P. Reichhelm (Am. Mach., 
Jan. 10, 1895) discusses the use of gaseous fuel for forge fires, for drop- 
forging, in annealing-ovens and furnaces for melting brass and copper, for 
ease-hardening, muffle-furnaces, and kilns. Under ordinary conditions, in 
such furnaces he estimates that the Joss by draught, radiation, and the 
heating of space not occupied by work is, with coal, 80%, with petroleum 70, 
and with gas above the grade of producer-gas 25%. He gives the following 
table of comparative cost of fuels, as used in these furnaces : 


Std ies 8 
Son fe 2 
Zo3 [se Se | oe S A) 
O55 [Saas g LFF al sea 
p+ rr an ° — 
Kind of Gas, es SS] OS lane ow 
wee 2 SSH 3. cree 
me (SEODR B |pos 
oa |cS8An| 28 88888 
Z A, < {e) 
Natural Gas. fj)5 050s! ree sends sieves cee (2,000,000) «250,000 ou. S25. see 1 
Coal-gas, 20 candle-power...........-.-| 675,000] 506,250 $1.25] $2.46 
Carburetted water-gas. ....... ...«+-- | 646,000} 484,500 1.00) 2.06 
Gasolene gas, 20 candle-power.. ....... 690,000) 517,500 90) 1.78 
Water-gas from coke, ..............00: 313,000] 284,750 40] 1.70 
Water-gas from bituminous coal....... 877,000} 282,750 .45) 1.59 
Water-gas and producer-gas mixed....| 185,000} 138,750 -20| 1.44 
Producer-gas..........-..+.+ Se marr nas 150,000} 112,500 15) 1.83 
Naphtha-gas, fuel 244 gals. per 1000 ft..{ 306,365] 229,774 -15) 65 
Coal, $4 per ton, per 1,000,000 heat-units utilized ......,..+--00 se 73 
Crude petroleum, 8 cts, per gal., per 1,000,000 heat-units. ........ -73 


Mr. Reichhelm gives the following figures from practice in melting brass 
with coal and with naphtha converted into gas: 1800 Ibs. of metal require 
1080 lbs. of coal, at $4.65 per ton, equal to $2.51, or, say, 15 cents per 100 Ibs. 
Mr. T.’s report : 2500 lbs. of metal require 47 gals. of naphtha, at 6 cents per 
gal., equal to $2.82, or, say, 1134 cents per 100 lbs, 

‘ 
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Coalegas is made by distilling bituminous coal in retorts. The retort 
is usually a long horizontal semi-cylindrical or q shaped chamber, holding 
from 160 to 300 lbs. of coal. The retorts are set in ‘‘benches’’ of from 
8 to 9, heated by one fire, which is generally of coke. The vapors distilled 
from the coal are converted into a fixed gas by passing through the retort, 
which is heated almost to whiteness. 

The gas passes out of the retort through an ‘‘ ascension-pipe " into a lon: 
horizontal pipe called the hydraulic main, where it deposits a portion o 
vhe tar it contains; thence it goes into a condenser, a series of iron tubes 
surrounded by cold water, where it is freed from condensable vapors, as 
Ammonia-water, then into a washer, where it is exposed to jets of water, 
and into a scrubber, a large chamber partially filled with trays made of 
wood or iron, containing coke, fragments of brick or paving-stones, which 
are wet with a spray of water. By the washer and scrubber the gas is freed 
from the last portion of tar and ammonia and from some of the sulphur 
compounds. The gas is then finally purified from sulphur compounds by 
passing it through lime or oxide of iron. The gas is drawn from the hy- 
draulic main and forced through the washer, scrubber, etc., by an exhauster 
nr fas-pump. F t % ‘ 

The kind of coal used is generally caking bituminous, but as usually this 
eoal is deficient in gases of high illuminating power, there is added to it a 
portion of cannel coal or other enricher. 3 % 

The following table, abridged from one in Johnson's Cyclopedia, shows 
the analysis, candle power, etc., of some gas-coals and enrichers: 


; 
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a be aoe 

s | 3 Su |4 3 

218 885/53 S25 

Gas-coals, ete, g 5S4| <8 BBA 

B | @ lene| zo ace 

iG) HA Set aed ee 

= iS 4 5 os 8 © | lbs. |bush. oes 

36.76} 51.93) 7.07]...... Syein testing s. ans 

++ | 36.00) 58.00] 6.00/10,642] 16.62] 1544 | 40 6420 

2 oO . +++] 37.50} 56.90] 5.60}10,528] 18.81] 1480 | 36 8993 
Ws : - | 40.00] 53.30} 6.70]10,765} 20.41] 1540 | 36 2494 
Darlington, O... -- | 43.00) 40.00] 17.00} 9,800] 34.98} 1320} 32 2806 
Petonia, W. Va.... - | 46.00} 41.00} 13.00]/13,200} 42.79] 1380 | 32 4510 
Grahamite, W. Va....... 58.50) 44.50} 2.00) 15,000] 28.70} 1056 | 44 ee 
SE Sea TS a il el lege oe ae el fe 


The products of the distillation of 100 lbs. of average gas-coal are about as 
att des They vary according to the quality of coal and the temperature of 

istillation. 

Coke, 64 to 65 Ibs.; tar, 6.5 to 7.5 Ibs.; ammonia liquor, 10 to 12 Ibs.; puri- 
fied gas, 15 to 12 lbs.; impurities and loss, 4.5% to 3.5%, 

The composition of the gas by volume ranges about as follows: Hydro- 
gen, 38% to 482%; carbonic oxide, 2% to 14%; marsh-gas (Methane, CH,), 43% to 
31%; heavy hydrocarbons (CnHg9n, ethylene,. propylene, benzole vapor, etc.), 
7.5% to 4.5%; nitrogen, 1% to 3%. 

In the burning of the gas the nitrogen is inert; the hydrogen and carbonic 
oxide give heat but no light. The luminosity of the flame is due to the de- 
composition by heat of the heavy hydrocarbons into lighter hydrocarbons 
and carbon, the latter being separatedin a state of extreme subdivision, 
By the heat of the flame this separated carbon is heated to intense white. 
ness, and the illuminating effect of the flame is due to the light of incandes- 
cence of the particles of carbon. 

The attainment of the highest degree of luminosity of the flame depends 
upon the proper adjustment of the proportion of the heavy hydrocarbons 
(with due regard to their individual character) to the nature of the diluent 
mixed therewith. 

Investigations of Percy F. Frankland show that mixtures of ethylene and 
hydrogen cease to have any luminous effect when the preportion of ethy- 
lene does not exceed 10% of the whole. Mixtures of ethylene and carbonic 
oxide cease to have any luminous effect when the proportion of the former 
does not exceed 20%, while all mixtures of ethylene and marsh-gas have more 
or less luminous effect. The luminosity of a mixture of 10% ethylene and 904 
marsh-gas being equal to about 18 candles, and that of one of 20% ethylene 
and 80% marsh-gas about 25 candles. The illuminating effect of marsh-gas 
alone, when burned in an argand burner, is by no means inconsiderable, 

For further description, see the Treatises on Gas by King. Richards, and 
Huehes; also Appleton's Cyc, Mech., vol. i. p. 900. 

Water-gas,—Water- gas is obtained by passing steam through a bed of 
coal, coke, or charcoal heated to redness or beyond. The steam is decom- 

osed, its hydrogen being liberated and its oxygen burning the carbon of 

e fuel, producing carbonic-oxide gas. The chemical reaction is, C + H,O 
= CO + 2H, or 2C + 2H,O = C+ G0, + 4H, followed by a splitting up of 
the CO,, making 2CO+ 4H. By weight the normal gas CO -+ 2H js com- 
posed of c ne R uy a = 28 parts CO and 2 parts H, or 93.334 CO and 6.67% H; 
by volume it is composed of equal parts of carbonic oxide and hydrogen. 
Water-gas produced as above described has great heating-power, but no 
illuminating-power. It may, however, be used for lighting by causing it to 
heat to whiteness some solid substance, as is done in the Welsbach incan- 
descent light. ‘ 

An illuminating-gas is made from water-gas by adding to it hydrocarbon | 
gases or vapors, which are usually obtained from petroleum or some of its 
products. A history of the development of modern illuminating water-gas 
processes, together with a description ofthe most recent forms of apparatus, 
is given by Alex. C. Humphreys, in a paper on ‘‘ Water-gas in the United 
States,” read before the Mechanical Section of the British Association for 
Advancement of Science, in 1889. After describing many earlier patents, he 
states that suecess in the manufacture of water-gas may be said to date 
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from 1874, when the process of T. S. C. Lowe was introduced. All the later 

“most successful processes are the modifications of Lowe’s, the essential 
features of which were “‘ an apparatus consisting of a generator and super- 
heater internally fired; the superheater being heated by the secondary 
combustion from the generator, the heat so stored up in the loose brick of 
the superheater being used, in the second part of the process, in the fixing 
or rendering permanent of the hydrocarbon gases; the second part of the 
process consisting in the passing of steam through the generator fire, and 
the admission of oil or hydrocarbon at some point between the fire of the 
generator and the loose filling of the superheater.”’ 

The aloe doe process, thus has two periods: first the ‘* blow,” during 
which air is blown through the bed coal in the generator, and the partially 
burned gaseous products are completely burned in the superheater, givin 
up a great portion of their heat to the fire-brick work contained in it, an 
‘then pass out to a chimney; second, the ‘‘run” during which the air blast 
is stopped, the opening to the chimney closed, and steam is blown through 
the incandescent bed of fuel. The resulting water-gas passing into the car- 
buretting chamber in the base of the superheater is there charged with hy- 
drocarbon vapors, or spray (such as naphtha and other distillates or crude 
oil) and passes through the superheater, where the hydrocarbon vapors be- 
come converted into fixed illuminating gases. From the superheater the 
combined gases are passed, as in the coal-gas pies through washers, 
scrubbers, ete., to the gas-holder. In this case, however, there is no am- 
monia to be removed. 

The specific gravity of water-gas increases with the increase of the heavy 
hydrocarbons which give it illuminating power. The following figures, taken 
from different authorities, are given by F. H. Shelton in a paper on Water- 
gas, read before the Ohio Gas Light Association, in 1894: 


Candle-power -.. 19.5. 20. 22.5 24, 25.4 26.3 28.3 29.6 .80 to 31.9 
Sp. gr. (Air=1).. .571 .630 .589 .60 to .67 .64 .602 .70 .65 .65to .71 
Analyses of Water-gas and Coal-gas Compared. 


The following analyses are taken from areport of Dr. Gideon E. Moore 
on the Granger Water-gas, 1885: 


Composition by Volume. Composition by Weight. 


Water-gas. Coal-gas. Water-gas. 

Rtbt ott BAN Siiliy ir) few a aad BRT et 
‘ Wor- Lake. berg. Wor- Lake, a 

cester. cester. ‘ 
Nitrogen.......... 2.64 3.85 2.15 0.04402 | 0.06175) 0.04559 
Carbonic acid.... 0.14 0.30 3.01 0.00365 | 0.00753) 0.09992 
Oxygen........ 5 0.06 0.01 0.65 0.00114 | 0.00018} 0.01569 
Ethylene. . M 11.29 12.80 2.55 0.18759 | 0.20454! 0.05389 
‘Propylene ... 0.00 PEOO NG ie he ST Nice ceretias stall bate ake 0.03834 


Benzole vapor.... ‘ 
Carbonic oxide...[ 28.26 23.58 
Marsh-gas........ 18.88 20.95 
Hydrogen ........ 87.20 35.88 


0.04108} 0.06987 


1.00000) 1.00000 


Density : Theory.| 0.5825 0.6057 
Practice .| 0.5915 0.6018 


B.T. U, from 1 cu. 
ft.: Water liquid.} 650.1 688.7 
“ ~vapor.| 597.0 646.6 


Flame-temp.. ..-. 5311.2°R.) 5281.1°R. 


Av.candle-power.| 22.06 26.31 


The heating values (B. T. U.) of the gases are calculated from the analysis 
by weight, by using the multipliers given below (computed from results of 
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J. Thomsen), and multiplying the result by the weight of 1 cu, ft. of the gas 
at 62° F., and atmospheric pressure. E 

The flame temperatures (theoretical) are calculated on the assumption of 
complete combustion of the gases in air, without excess of air, 

The candle-power was determined by photometric tests, using a pressure 
of }4-in. water-column, a candle consumption of 120 grains of spermaceti 

er hour, and a meter rate of 5 cu. ft. per hour, the result being corrected 

or a temperature of 62° F. and a barometric pressure of 30 in. It appears 
that the candle-power may be regulated at the pleasure of the person in 
charge of the apparatus, the range of candle-power being from 20 to 29 
candles, according to the manipulation employed. 


Calorific Equivalents of Constituents of Iuminating= 


gan. 
Heat-units from 1 Ib. Heat-units from 1 Ib. 
Water Water Water Water 
Liquid. Vapor. Liquid. Vapor. 
Ethylene....,.... 21,524.4  20,184.8 Carbonic oxide., 4,395.6 4,895.6 
Propylene,..,.... 21,222.0 19,884.2 Marsh-gas....... 24,021.0  21,592.8 
Benzole vapor.... 18,954.0 17,847.0 Hydrogen....... 61,524.0 51,804.0 


Efficiency of a Water-gas Plant.—The practical efficiency of an 
illuminating water-gas setting is discussed in a aper by A. G. Glasgow 
(Proc, Am. Gaslight Assn., 1890), from which the fo lowing is abridged : 

The results refer to 1000 cu. ft. of unpurified carburetted gas, reduced to 
60° F. The total anthracite charged per 1000 cu. ft. of gas was 33.4 lbs., ash 
and unconsumed coal removed 9,9 lbs., leaving total combustible consumed 
23.6 lbs., which is taken to have a fuel-value of 14500 B. T. U. per pound, or 
a total of 340,750 heat-units, 


Composi-| Weight |Composi- * 
tion by per tion by epee 
Volume. |100 cu. ft. Weight. I 


(CO, + H,S 3.8 .465842 | .09647 | 02088 

CyHon.--..+-.| 14.6 | 1.139968 |. 123607 | ‘osteo 

COL euae ve} 28.0 | 2.1868 :45285 | .11226 

I. Carburetted OH, eee 17.0 .75854_ | 115710 | 109314 
Water-gas.) H............ 35.6 1991464] ‘04124 | 14041 

N 1.0 .078596 | 01627 | 00397 


L “4,8288924| 1.00000 | .43786 

.429065 | .1019 | .02205 

3.889540 | ‘8051 | .19958 

Il. Uncarburetted- «289821 | .0688 «23424 
gas. 1102175 | 70242 | ‘00591 

“4.210601 | 1.0000 | .46178 

[QOessse 17.4 | 2.133066 | 2464 | 05842 

Til. Blast products|O.......2.... 8.2 -2856096} .0329 .00718 
escaping from? N............ 79.4 6.2405224) .7207 17585 
superheater, mh I 

100.0 | 8.6591980| 1.0000 | 23645 

gor ie eS | LAIR | HGP | RHE 

ced atte BOLO ERS RY ee ia : 5 

Pe ies, | Ne dissec 72.5 | 6.698210 | loses | ‘107970 
100.0 | 8.277518 | 1.0000 | 240692 


The heat energy absorbed by the apparatus is 23.5 14,500 = 340,750 heats 
units = A. Its disposition is as follows: : 

EB, the energy of the CO produced; 

C, the energy absorbed in the decomposition of the steam; 

D, the difference between the sensible heat of the escaping illuminating- 
“See ane ee of fe pyerin oil; 

, the heat carried off by the escaping blast products: 
F, the heat lost by radiation fram the! Bhellge E 
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G, the heat carried away from the shells by convection Nites eee So 

H, the heat rendered latent in the gasification of the oil; 

J, the sensible heat in the ash and unconsumed coal recovered from the 
generator. : 

The heat equation is 4=B+0O+D+#H+4F4 G+ H-1; A being 
known. A comparison of the CO in Tables I and II show that4e,, or 64.54 
of the volume of carburetted gas is pure water-gas, distributed thus: CO,, 
2.3%; CO, 28.0%; H, 33.4%; N, 0.8%; = 64.5%. 1b. of CO at 60° F, = 13.581 cu. 
ft. CO per 1000 cu. ft. of gas = 280 + 18.531 = 20.694 lbs. Energy of the CO 
= 20.694 X 4395.6 = 91,043 heat-units, = B. 1 lb. of H at 60° F. = 189.2 cu, 
ft. H per M of gas = 334 + 189.2 = 1.7653 lbs. Energy of the H per lb. 
parcording to Thomsen, considering the steam generated by its combustion 
to be condensed to water at 75° F.) = 61,524 B. T. U. In Mr. Glasgow’s ex- 
periments the steam éntered the generator at 831° F.; the heat required to 
raise the product of combustion of 1 lb. of H, viz,, 8.98 lbs, H,O, from water 
at 75° to steam at 331° must therefore be deducted from Thomsen’s figure, or 
61,524 — (8.98 x 1140.2) = 51,285 B. T. U. per lb, of H. Energy of the H, then, 
is 1.7653 x 51,285 = 90,533 heat-units, = C. The heat lost due to the sensible 
heat in the illuminating-gases, their temperature being 1450° F., and that of 
the entering oil 235° F., is 48.29 (weight) x .45786 sp. heat x 1215 (rise of tem- 
perature) = 26,864 heat-units = D. 

(The specific heat of the entering oil is approximately that of the issuing 
gas.) 

The heat carried off in 1000 cu. ft. of the escaping blast products is 86,592 
(weight) x .23645 (sp. heat) x 1474° (rise of temp.) = 30,180 heat-units: the 
temperature of the escaping blast gases being 1550° F., and that of the 
entering air 76° F. But the amount of the blast gases, by registra- 
tion of an anemometer, checked by a calculation from the analyses of the 
blast gases, was 2457 cubic feet for every 1000 cubic feet of carburetted gas 
made. Hence the heat carried off per M. of carburetted gas is 30,180 x 
2.457 = 74,152 heat-units = ZH, 

Experiments made by a radiometer covering four square feet of the shell 
of the apparatus gave figures for the amount of heat lost by radiation 
= 12,454 heat-units = F’, and by convection = 15,696 heat-units = G. 

The heat rendered latent by the gasefication of the oil was found by taking 
the difference between all the heat fed into the carburetter and super- 
heater and the total heat dissipated therefrom to be 12,841 heat-units = H. 
The sensible heat in the ash and unconsumed coal is 9.9 lbs, x 1500° & .25 
(sp. ht.) = 3712 heat-units = J. 

' The sum of all the items B+ 0+D+H+F-+ G+ H-+I= 827,295 heat- 
units, which substracted from the heat energy of the combustible consumed, 
340,750 heat-units, leaves 13,455 heat-units, or 4 per cent, unaccounted for. 

Of the total heat energy of the coal consumed, or 340,750 heat-units, the 
energy wasted is the sum of items D, E, F, G, and J, amounting to 182,878 
heat-units, or 89 per cent; the remainder, or 207,872 heat-units, or 61 per 
cent, being utilized. The efficiency of the apparatus as a heat machine is 
therefore 61 per cent. 

Five gallons, or 85 lbs. of crude petroleum were fed into the carburetter 
per 1000 cu.ft. of gas made; deducting 5 lbs. of tar recovered, Jeaves 80 lbs. 
X 20,000 = 600,000 heat-units as the net heating value of the petroleum used. 


' Adding this to the heating value of the coal, 340,750 B, T. U., gives 940,750 


heat-units, of which there is found as heat energy in the carburetted gas, as 
in the table below, 764,050 heat units, or 81 per cent, which is the commer- 
cial efficiency of the apparatus, i.e., the ratio of the energy contained in 
the finished product to the total energy of the coal and oil consumed. . 


The heating power per M. cu, ft. of | The heating power per M. of ‘the 
AG the carburetted gas is uncarburetted gas is 


38.0 CO, 35. 
Cc H* 146.0 « .117220 « 21222.0 = 363200 co” 434.0 x .078100 « 4895.6 = 148991 
CO ° 280.0 X .078100 x 4395.6 = 96120/H 518.0 x .005594 x 61524.0 = 178277 
CH, 170.0 X .044620 x 24021.0 = 182210|N 13,0 e 
H 856.0 x .005594 x 61524,0 = 122520} —— 3 —- 
N 10.0 1000.0 827268 
1000.0 764050 

rou heating value of the illuminants CyHg, is assumed to equal that 

OF Ugig, ; 
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The candle-power of the gas is 31, or 6.2 candle-power per gallon of oil 
used. The calculated specific gravity is .6355, air being 1. 
For description of the operation of a modern prea a water-gas 


Space required for a Water=-gas Plant.—Mr. Shelton, taking 
15 modern plants of the form requiring the most floor-space, figures the 
average floor-space required per 1000 cubic feet of daily capacity as follows: 


Water-gas Plants of Capacity Require an Area of Floor-space for 
in 24 hours of each 1000 cu. ft. of about 
100,000 cubic feet............. aa epiolord +++ee.-..4 Square feet, 
200,000 ** re ‘ sae stale JOD aeeS 74 
400,000 <“* at Aba oe ee ed 2.75 * - 
600,000“ Tey ae tei ois PRIN BUM fats aid aisles a/pieh chart 2 to 2.5 sq. ft. 


7 to 10 million cubic featies s+ereee1.25t0 1.5 sq. ft. 


These figures include scrubbing and condensing rooms, but not boiler and 
engine rooms. In coal-gas plants of the most modern and compact forms one 


quire 6 sq. ft. of space per 1000 cu. ft. The storage-room required for the 
gas-making materials is: for coal-gas, 1 cubie foot of room for every 239 
cubic feet of gas made; for water-gas made from coke, 1 cubic foot of room 
for-every 373 cu. ft. of gas made; and for water-gas made from anthracite, 


gas plant may be Conveniently run in connection with a coal-gas plant, the 


Qtly, January, 1892) describes F. W. Hartley’s calorimeter for determining 
the calorific power of gases, and gives results obtained in tests of the car- 
buretted water-gas made by the municipal branch of the Consolidated Co. 


inches pressure: 715, 692, 725, 732, 691, 738, 735, 703, 734, 730, 781, 727. Average, 
721 heat-units. Similar tests of mixtures of coal- and water-gases made by 


The common ice hag of London, with an illuminating power of 16 to 17 
candles, has a calorific power of about 668 units per foot, and costs from 60 
to 70 cents per thousand. 
The product obtained by decomposing steam by incandescent carbon, as 
fear in the Motay process, consists of about 40% of CO, and a little over 
0} 


‘al 


” 
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This mixture would have a heating-power of about 300 units per cubic foot, 
and if sold at 50cents per 1000 cubic feet would furnish 600,000 units for $1.00, 
as compared with 568,400 units for $1.00 from illuminating gas at $1.25 per 1000 
eubic feet. This illuminating-gas if sold at $1.15 per thousand would there- 
fore be a more economical heating agent than the fuel-gas mentioned, at 50 
cents per thousand, and be much more advantageous than the latter, in that 
one main, service, and meter could be used to furnish gas for both lighting 
and heating. 

A large number of fuel-gases tested by Mr. Love gave from 184 to 470 heat- 
units per foot, with an average of 309 units. 

Taking the cost of heat from illuminating-gas at the lowest figure given 
by Mr, Love, viz., $1.00 for 600,000 heat-units, it is a very expensive fuel, equal/ 
to coal at $40 per ton of 2000 Ibs., the coal having a calorific power of only 
12,000 heat-units per pound, or about 83% of that of pure carbon; 


600,000 : (12,000 x 2000) :: $1 : $40. 


FLOW OF GAS IN PIPES. 


The rate of flow of gases of different densities, the diameter of pipes re- 
quired, etc., are given in King’s Treatise on Coal Gas, vol. ii. 374, as follows: 


If d = diameter of pipe in inches, dsp) 
Q = quantity of gas in cu, ft, per (1850)22 
BE eanbe pinedaepant h Ost 
= length of pipe in yards, = — 
h= yale in inches of waters) (1850)9d5 7 
& = specific gravity of gas, air be- oh dhe ah 
ing 1, Q@= sss0as4/ SP = 1350 I 
i ah 
Molesworth gives Q = 1000 as 
, oe ah 
J.P. Gill, Am. Gas-light Jour. 1894, gives Q = 1291 i eae 


This formula is said to be based on experimental data, and to make allow- 
ance for obstructions by tar, water, and other bodies tending to check the 
flow of gas through the pipe. 

' Aset of tables in Appleton’s Cyc, Mech. for flow of gas in 2, 6, and 12in. 
pipes is calculated on the supposition that the quantity delivered varies 
as the square of the diameter instead of as d? x Vd, or Vas, 

These tables give a flow iniarge pipes much less than that calculated by 
the formule above given, as is shown by the following example. Length of 
pipe 100 yds., specific gravity of gas 0.42, pressure 1-in. water-column 


2-in. Pipe. 6-in. Pipe. 12-in. Pipe. 
abh 


@= 19504/ TF... Sececua Ga TE 18,368 103,912 
@h 
ar 1000 ¢/, race esnaen aati ae 18,606 76,972 
sl 
Si . 16 16,327 98,845 
Qe 12014) i erne reese : ; \ 
Table in App. Cyc.....-- - DaMee 1290 11,657 46,628 


An experiment made by Mr. Clegg, in London, with a 4-in. pipe, 6 miles 
long, pressure 3in. of water, specific gravity of gas .398, gave a discharge 
into the atmosphere of 852 cu. ft. per hour, after a correction of 33 cu. ft. ~ 
was made for leakage. 

Substituting this value, 852 cu. ft., for Qin the formula Q = C 4/d*h = sl, 
we find C, the coefficient, = 997, which corresponds nearly with the formula 
given by Molesworth, 
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Services for Lamps. (Molesworth. 

Ft.from Require 

Lamps. bp Pipe-bore, Taare 
see in. 


1020. 3.27252 4100 % in. Ra ae 
(In cold climates no service less than 34 in. should be used.) 


Maximum Supply of Gas through Pipes in cu. ft. per 
Hour, Specific Gravity being taken at 045, calculated 


from the Formula Q = 1000 //a*h = sl, (Molesworth.) 
LENGTH oF Pipx = 10 Yarps, 


eee ee eT SL Pee 


Diameter Pressure by the Water-gauge in Inches, 
of Pipe in iBESTInN IMRAN etme acs en ee Ne 
Inches 


; ol 2 3 4 5 6 7 8 -9 | 1.0 


56 13 18 22 26 29 381 34 36 88 41 

5) 26 37 46 53 59 64 70 74 79 83 

a 73 | 103) 126] 145 | 162] 197 192 | 205} 218} 230 

1 149 | 211) 258] 298] 33838} 365) 394 422 { 447 | 471 

1 260] 368] 451 | 521 | 582 638 | 689) 737] 781 | 9823 

1 411} 581} 711] 821] 918 | 1006 1082 | 1162 | 1232 | 1299 

2 843 | 1192 | 1460 | 1686 | 1886 | 2066 2231 | 2385 | 2530 | 2667 
OO AER $$$ ee | noel | <00¢ 


LENGTH or Pipr = 100 Yarps, 
GE Uc SES ee ee 
Pressure by the Water-gauge in Inches, 


—___ 

1] 2} 3) .4 5 -7 | 1.0 | 1.25] 1.5 2 2.5 

SR ava RARE ar ee repel | ee moaning WAGER MOUS 8 (ih 
# 8} 12) 14{ 1% 19 23 26 29 82 36 42 

4, 23) 32) 42] 46 51 63 73 81 89} 108} 115 

1 47) 67) 82} 94] 105] 129] 149] 4167 183 | 211] 236 

1 82/ 116] 143] 165] 184] 225 | 969 291] 319 | 3868) 412 

1 130) 184) 225} 260] 290] 356 | .411 459 | 503 1 | 649 


( 3 | 1083 
2% 466/ 659) 807} 932 | 1042 | 1276 | 1473 1647 | 1804 | 2083 } 2329 
3 735| 1039/1270] 1470 | 1643 } 2012 2323 | 2598 | 2846 | 3286 | 3674 
34% 1080)1528) 1871] 2161 | 2416 | 2958 


5 : ; 
4 1508/2133)2613| 3017 | 8373 | 4131 | 4770 5833 | 5842 | 6746 | 7542 


LeNeTH oF Pipz = 1000 Yarps. 


== ee ee 


Pressure by the Water-gauge in Inches, 


et 
5 15 1.0 1.5 2.0 2.5 3.0 
1 33 41 47 58 67 15 82 
14% 9 113 130 159 1 205 226 
2 189 231 267 327 377 422 462 
24 329 403 466 571 659 
3 520 636 735 900 1039 1162 1273 
4 1067 1306 1508 1847 2133 2385 2613 
5 1863 2282 2635 8227 8727 4167 4564 
6 2939 3600 4157 5091 5879 6573 7200 
TT BB RO 
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Lenera or Prez = 5000 Yarps. 


Diameter Pressure by the Water-gauge in Inches, 
of Pipe 
in 
Inches, 1.0 1.5 2.0 2.5 8.0 
2 119 146 169 189 207 
3 329 402 465 520 569 
4 675 826 955 1067 1168 
5 1179 1443 1667 1868 2041 
6 1859 2277 2629 2989 3220 L 
ve 2733 3347 8865 4321 4734 
8 3816 4674 5397 6034 6610 
9 5123 6274 7245 8100 8873 
10 6667 8165 9428 10541 11547 
12 10516 12880 14872 16628 18215 


Mr. A. C. Humphreys says his experience goes to show that these tablea 
give too small a flow, but it is difficult to accurately check the tables, on ac- 
count of the extra friction introduced by rough pipes, bends, ete, For 
bends, one rule is to allow 1/42 of an inch pressure for each right-angle bend. 

Where there is apt to be trouble from frost it is well to use no service of 
Jess diameter than 34 in., no matter how short it may be. In extremely cold 
climates this is now often increased to 1 in., even fora single lamp, The best 
practice in the U. S. now condemns any service less than 34 in, 
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The Temperature of Steam in contact with water depends upon 
the pressure under which it is generated, At the ordinary atmospheric 
pressure (14.7 Ibs. per sq. in.) its temperature is 212° F. As the pressure is 
increased, as by the steam being generated in a closed vessel, its tempera- 
ture, and that of the water in its presence, increases. 

Saturated Steam is steam of the temperature due to its pressure— 
mot superheated. ; 

Superheated Steam is steam heated to atemperature above that due 
to its pressure. 

Dry Steam is steam which contains no moisture. It may be either 
saturated or superheated. 

Wet Steam is steam containing intermingled moisture, mist, or spray. 
It has the same temperature as dry saturated steam of the same pressure. 

Water introduced into the presence of superheated steam will flash into 
vapor until the temperature of the steam is reduced to that due its pres- 
sure. Water in the presence of saturated steam has the same temperature 
asthe steam. Should cold water be introduced, lowering the eg pariadd 
of the whole mass, some of the steam will be condensed, reducing the press-. 
ure and temperature of the remainder, until an equilibrium is established, ¥ 

Temperature and Pressure of Saturated Steam,—The re- , 
lation between the temperature and the pressure of steam, according to ' 
Regnault’s experiments, is expressed by the formula (Buchanan’s, as given 


led as eS aa oe Lo 7 ry 
by Clark) t= 6,1998544 — log p 371.85, in which p is the pressure in pounds 


per square inch and ¢ the temperature of the steam in Fahrenheit degrees. 
it applies with accuracy between 120° F. and 446° F., corresponding to pres- 
sures of from 1.68 Ibs. to 445 lbs. per square inch. (For other formuls see 
Wood’s and Peabody’s Thermodynamics.) 

Total Heat of Saturated Steam (above 32° F.).—According to~ 
Regnault’s experiments, the formula for total heat of steam is H = 1091.7 + 
.305(¢ — 32°), in which ¢ is temperature Fahr., and H the heat-units. (Ran- 
kine and many others; Clark gives 1091.16 instead of 1091.7.) 

Latent Heat of Steam,.—The formula for latent heat of steam, as 
given by Rankine and others, is ZL = 1091.7 — .695(t — 82°). Clausius’s for- 
taula, in Fahrenheit units, as given by Clark, is L = 1092.6 — .708(¢ — 32°). 


. 
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The tofal heat in steam (above 32°) includes three elements: 

1st. The heat required to raise the temperature of the water to the tem- 
perature of the steam. + 

2d. The heat required to evaporate the water at that temperature, called 
internal latent heat. x 

3d. The latent heat of volume, or the external work done by the steam in 
making room for itself against the pressure of the superincumbent atmos- 
phere (or surrounding steam if inclosed in a vessel } 

The sum of the last two elements is called the latent heat of steam, In 
Buel’s tables (Weisbach, vol. ii,, Dubois’s translation) the two elements are 
given separately. 

Latent Heat of Volume of Saturated Steam, (External 
Work.)—The following formulas are agtwnaones accurate for occasional use 
within the given ranges of pressure (Clark, 8. E.) 


From 14.7 lbs. to 50 Ibs, total pressure per square inch,,. 55.900 + .0772t. 
From 50 Ibs. to 200 lbs, total pressure per square inch,,, £59.191 + .0655¢. 


Heat required to Generate 1 Ib. of Steam from water at 32° F. 


Heat-units, 
Sensible heat, to raise the water from 32° to 212° = as 180.9 
Latent heat, 1, of the formation of steam at 212° =... 894.0 


Total heat above 32° F......... 4146.6 


The Heat Unit, or British Thermal Unit,—The definition of 
the heat-unit used in this work is that of Rankine, accepted by most modern 
writers, viz., the quantity of heat required to raise the temperature of 1 Ib, 
of water 1° F. at or near its temperature. of maximum density (39.1° F.). 
Peabody’s definition, the heat required to raise a pound of water from 62° 
Siti 351) is not generally accepted. (See Thurston, Trans, A. §. M. Ey 
xiii. 351. 

Specific Heat of Saturated Steam.—The specific heat of satu- 
rated steam is .805, that of water being 1; or itis 1.281, if that of air be 1. 
The expression .305 for specific heat is taken in a compound sense, relating 
to changes both of volume and of pressure which takes place in the eleva- 
tion of temperature of saturated steam. (Clark, S. E.) 

This statement by Clark is not Strictly accurate. When the temperature 
of saturated steam is elevated, water being present and the steam remain- 
ing saturated, water is evaporated. To raise the temperature of 1 lb. of 
water 1° F’. requires 1 thermal unit, and to evaporate it at 1° F. higher would 
require 0.695 ess thermal unit, the latent heat of saturated steam decreas- 
ing 0.695 B.T.U. for each increase of temperature of 1° F. Hence 0.305 is 
the specific heat of water and its saturated vapor combined. 

When a unit weight of saturated steam is increased in temperature and in 
pee ate the volume decreasing so as to just keep it saturated, the specific 

eat is negative, and decreases as temperature increases, (See Wood, 
Therm., p. 147; Peabody, Therm., p. 93.) 
Density and Volume of Saturated Steam.—The density of 


_ steam is expressed by the weight of a given volume, say one cubic foot; and 


the volume is expressed by the number of cubic feet in one pound of steam. 
Mr. Brownlee’s expression for the density of saturated steam in terms of 


941 
the pressure is D = aa or log D = .941 log p—2.519, in which Dis the den- 
sity, and p the pressure in pounds per square inch. In thisexpression, pear 


is the equivalent of p raised to the 16/17 power, as employed by Rankine, 
The volume v being the reciprocal of the density, 


Aes art or log v = 2.519 — .941 log p. 


Relative Volume of Steam.—tThe relative volume of saturated 
steam is expressed by the number of volumes of steam produced from cne 
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volume of water, the volume of water being measured at the temperature 
39° F. The relative volume is found by multiplying the volume in cu. ft. of 
one lb. of steam by the weight of a cu. ft. of water at 39° F’., or 62.425 lbs. 

Gaseous Steam.—When saturated steam is superheated, or sur- 
charged with heat, it advances from the condition of saturation into that of 
gaseity. The gaseous state is only arrived at by considerably elevating the 
temperature, supposing the pressure remains the same. Steam thus suffi- 
zieutly superheated is known as gaseous steam or steam gas. 

Total Heat of Gaseous Steam.—Regnault found that the total 
heat of gaseous steam increased, like that of saturated steam, uniformly 
with the temperature, and at the rate of .475 thermal units per pound for 
each degree of temperature, under a constant pressure. \ 
' The general formula for the total heat of gaseous steam produced from 
1 pound of water at 32° F, is H = 1074.6 + .475t. [This formula is for vapor } 
generated at 32°. It is not trueif generated at 212°, or at any other tempera- 
ture than 32°, (Prof. Wood.)] 

The Specific Heat of Gaseous Steam is .475, under constant 
pressure, as found by Regnault. It is identical with the coefficient of in- 
crease of total heat for each degree of temperature. [This is at atmospheric 
pressure and 212° F. He found it not true for any other pressure. Theory 
tndicates that it would be greater at higher temperatures. (Prof. Wood.)] 

The Specific Density of Gaseous Steam is .622, that of air being 
1. That is to say, the weight of a cubic foot of gaseous steam is about five 
eighths of that of a cubic foot of air, of the same pressure and temperature. 

The density or weight of a cubic foot of gaseous steam is expressible by 
the same formula as that of air, except that the multiplier or coefiicient is 
less in proportion to the less specific density.. Thus, 


pa 2i0tap X 622 _ 1.684p 
Ren PERE eee SI 


in which D’ is the weight of a cubic foot of gaseous steam, p the total pres- 
sure per square inch, and ¢ the temperature Fahrenheit. 

Superheated Steam,—The above remarks concerning gaseous steam 
are taken from Clark’s Steam-engine. Wood gives for the total heat (above 
32°) of superheated steam H = 1091.7 +- 0.48(¢ — 32°). 

The following is abridged from Peabody (Therm., p. 115, etc.). 

When far removed from the temperature of saturation, superheated steam 
follows the laws of perfect gases very nearly, but near the temperature of 
‘saturation the departure from those laws is too great to allow of calculations 
by them for engineering purposes. 

The specific heat at constant pressure, Cp, from the mean of three experi- 
ments by Regnault, is 0.4805. 

Values of the ratio of Cp to specific heat at constant volume: 


Pressure p, pounds per square inch., 5 50 =©100 §=6°200 = 800 
Ratio Cp+Cv=k= 1.885 1.882 1.880 1.824 1.316 


Zeuner takes k as a constant = 1.333. 


Sprciric Heat at Constant Votume, SUPERHEATED STEAM, | 


Pressure, pounds per squareinch,.... 5 50 100 200 300 J 
Specific heat Cv..........-.... BARE Ser - 0.351 .348 .846 .344 B41 


It is quite as reasonable to assume that Cy is a constant as to suppose that 
Cp is constant, as has been assumed. If we take Cv to be constant, then Cp 
will appear as a variable. 

If p = pressure in lbs. per sq. ft., v= volume in cubic feet, and T= 


temperature in degrees Fahrenheit + 460.7, then pv = 93.57 — 971 ip. 
Total heat of superheated steam, H = 0.4805(7' — 10.88p%) + 857.2. 


The Rationalization of Regnault’s Experiments on- 
Steam. (J. McFarlane Gray, Proc, Inst. M. E., July, 189.)—The formula 
constructed by Regnault are strictly empirical, and were based entirely on 
his experiments. They are therefore not valid beyond the range of temper- 
atures and presures observed. 

Mr. Gray has made a most elaborate calculation, based not on experiments 
but on fundamental principles of thermodynamics, from which he deduces 
formule for the pressure and total heat of steam, and presents tables calcu- 
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lated therefrom which show substantial agreement with Regnault’s figures, 
He gives the following examples of steam-pressures calculated for temper* 
tures beyond the range of Regnault’s experiments. : 


Temperature, Pounds per Temperature, Poun ds per 
Oo: Fahr. Bd. an- C. Fahr aie 
280 446 406.9 340 644 2156.2 
240 464 488.9 360 680 2742.5 
250 482 579.9 3880 716 3448.1 
260 500 691.6 400 + 52 4300.2 
280 536 940.0 415 G79 5017.1 
300 572 1261.8 427 800.6 5659.9 
820 608 1661.9 


These pressures are higher than those obtained by Regnault’s formula, 
which gives for 415° C. only 4067.1 Ibs. per square inch. 

Table of the Properties of Saturated Steam.—In the table 
of properties of saturated steam on the following pages the figures for tem- 
perature, total heat, and latent heat are taken, up to 210 Ibs. absolute pres- 
sure, from the tables in Porter’s Steam-engine Indicator, which tables have 
been widely accepted as standard by American engineers. The fi res for 
total heat, given in the original as from 0° F, have been changed to heat 
above 32°F. The figures for weight per cubic foot and for eubic feet per 
pound have been taken from Dwelshauvers-Dery’s table, Trans. A.S. M. E., 
vol, xi, as being probably more accurate than those of Porter. The figures 
for relative volume are from Buel’s table, in Dubois’s translation of Weis- 
bach, vol. ii, They agree quite closely with the relative volumes calculated 
from weights as given by Dwelshauvers. From 211 to 219 Ibs. the figures 
for temperature, total heat, and latent heat are from Dwelshauvers’ table ‘4 
and from 220 to 1000 Ibs. all the figures are from Buel’s table. The figures 
have not been carried out to as many decimal places as they are in most of the 
tables given by the different authorities ; bub any figure beyond the fourth 
Significant figure is unnecessary in practice, and beyond the limit of error of 
the observations and of the formule from which the figures were derived. 


Weighs of 1 Cubic Foot of Steam in Decimals of a Pound. 
Comparison of Different Authorities, 


Oo Weight of 1 cubic foot o Weight of 1 cubic foot 
352) according to— 5 according to— 

2 Por- Pea- J2 Por- | ¢ Pea. 
<A, 3 ret Clark} Buel.|Dery, oa ‘a Ads Clark} Buel.|Dery. ee 


1 |.0030 | .003 /.00303} 00299] .c029 

14.7) .03797| .0380| 03793]... ... . 0376 
20 |.0511 | .0507].0507 |.0507 |.0502 
40 |.0994 | .0974).0972 |.0972 |.0964 
60 |.1457 | .1425).1424 |.1422 |.1409 f < : ‘ 
80 |.19015/ .1863].1866 |.1862 |.1843 | 220 |_..... +4842) .4852)......). 
100_|.28302|_.2307!.2803 |.2296 |.2271 | 240 1.1777” +5248! .52701.. ...]. 


There are considerable differences between the figures of weight and vol- 
ume of steam as given by different authorities, Porter's figures are based 


total heat, and latent heat as given by different authorities show a practical 
agreement, all De derived from Regnault’s experiments. See Peabody's 
Tables of Saturated Steam; also Jacobus, Trans, A. S. M, E,, vol, xii,, 593, 
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Properties of Saturated Steam. 


Ss Total Heat A Se. 2 ase ‘ 
EE 2 aa O.s above 32° F. Hi g BS as BS 
= 29 caome =~ - 
oS aa! Bg <3 /SE..| C2 | as 
ez. |20| #2 | In the|m the eca age 53 | 33 
sas, | 53] S2 | Water | Steam Sn 3 Bos 3.8 oe 
Bae fees) ge bees have gig (es | 22 | Ss 
5 7 ea ea = aes ves Gg 
es ¥ = ck Ex units. | units. 4 e 3 SF Ee 
29.74 089) 32 0 1091.7 | 1091.7 | 208080 | 3333.3 | .00030 
29.67 122} 40 8. 1094.1 | 1086.1 | 154330 | 2472/2 | .00040 
29.56 -176} 50 | 18. 1097.2 | 1079.2 | 107630 | 1724.1 | .00058 
29.40 204] 60 | 28.01 | 1100.2 | 1072.2 | 76370 | 1223/4 | 00082 
29.19 -359} 70 | 88.02 | 1103.8 | 1065.3 | 54660 | 875.61] .00115 
28.90 +502} 80 | 48.04 | 1106.3 | 1058.3 | 39690 | 635.80] .00158 
28.51 +692; 90 | 58.06 | 1109.4 | 1051.3 | 29990 | 469:90| .00213 
28.00 +943] 100 | 68.08 | 1112.4 | 1044.4 | 91880 | 349/70] .00286 
27.88 1 102.1 | 70.09 | 1113.1 | 1043.0 | 90693 | 9334.93] .00299 
25.85 2 126.3 | 94.44 | 1120.5 | 1026.0] 140730 | 173.23] 00577 
23.83 8 141.6 | 109.9 | 1125.1 | 1015.3 | 7325 | 117.98] .00848 
21.78 4 153.1 | 121.4 | 1128.6 21 5588] 89.80} .01112 
19.74 5 162.3 | 130.7 | 1181.4 | 1000.7] 4530] 2.50] .01373 
17.70 6 170.1 | 138.6 | 1183.8 | 995.2 | 3816] 61.10} .01631 
15.67 7 176.9 | 145.4 | 1135.9 | 990.5] 3302] 53.00] .01887 
13.63 8 182.9 | 151.5 | 1187.7 | 986.2 | 9912] 46.60] .02140 
11.60 9 188.3 | 156.9 | 1189.4 | 982.4 | 9607] 41.82] .02391 
9.56 | 10 193.2 | 161.9 | 1140.9} 979.0! 2361] 97.80) .02641 
7.52 | 1 197.8 | 166.5 | 1142.3] 975.8] 2159] 34.61! .02889 
5.49 | 12 202.0 | 170.7 | 1143.5 | 972.8} 1990] 81.90] .03186 
8.45 | 18 205.9 | 174.7 | 1144.7 | 970.0] 1846] 29°58] .03881 
1.41 | 14 209.6 | 178.4 | 1145.9] 967.4] 1721 | 97:59] 103625 
eouee 
Tessure 
Ibs. per 14.7 | 212 | 180.9 | 1146.6} 965.7] 1646] 26.36] .03794 
Sq. In, 
0.304 | 15 213.0 | 181.9 | 1146.9 1614 | 25. 
1.3 16 216.3 | 185.8 | 1147.9] 962.7] 1519] 94 04110 
2.8 17 219.4 | 188.4 | 1148.9| 960.5] 1484 | 92°98] ‘04352 
3.3 18 222.4 | 191.4 | 11498] 958.3] 1859] 91.78] .04599 
4.3 19 225.2 | 194.3 | 1150.6 | 956.3] 1292] 90-70] (04831 
5.3 20 227.9 | 197.0 | 1151.5 | 954.4 231 | 19.72] .05070 
6.3 21 230.5 | 199.7 | 1152.2 | 952.6] 1176] 18.84] .05308 
7.3 22 233.0 | 202.2 | 1153.0] 950.8} 1126 | 18.03] 205545 
8.3 23 235.4 | 204.7 949.1 1080 | 17.30) .05782 
9.3 24 287.8 | 207.0 | 1154.5] 947.4] 1038] 416.62] ‘06018 
10.3 25 240.0 | 209.3 | 1155.1) 945.8] 998.4] 15.99] .o6253 
11.3 26 242.2 | 211.5 944.3 | 962.38 | 15.42] .06487 
12.3 27 244.3 | 213.7 | 1156.4 | 942.8 | 928.8 | 44.88] ‘06721 
13.3 28 246.3 | 215.7 | 1157.1 | 941.3 | 897.6) 14/38) 
14.3 29 248.8 | 217.8 939.9 | 868.5 | 13.91] .07188 
15.3 80 250.2 | 219.7 | 1158.3 | 938.9 1.3] 18.48] .07420 
16.3 31 252.1 | 221.6 -8| 937.2] 8158. 13.07] .ov652 
17.3 32 254.0 | 223.5 | 1159.4 | 935.9] 791.8] 42.68] | 
18.3 B38 255.7 | 225.3 -9 | 934.6 | 769.2] 12.39] 108115 
19.3 34 257.5 | 227.1 | 1160.5 4] 748.0) 11.98) - 
20.3 85 259.2 | 228.8 | 1161.0 | 932.2! 727.9] 11.66] .o8576 
21.3 36 260.8 | 230.5 | 1161.5; 931.0] 708.8] 11.36] .08806 
22.38 37 262.5 | 232.1 | 1162.0! 929.8] 690.8| 11.071 .09085 
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Properties of Saturated Steam, 


| 
( 
\ 


= Total Heat os atid ~ 
£3 ee ; | aboved2er, | . | Be es F Bs 
g 8 ao | 22 |——____jue ¢ se. 88 ae 
Fo) eos | 23 $s | SSH a 
Ex eo} sg | Inthe /Inthe | my 5 | oF) i of 
o 578 62 | Water | Steam] i'3 be aie, £2 
& (ops | 24 | a H |}ets|scte| ES | €3 
aa BES EE | Heat- | Heat-} 3 yx Soe | on O45 
a= | & units. | units. | 4 eee] cs | Be 
120.3 135 350.0 | 3822.1 | 1188.7] 866.6 | 204.2) 3.29 -3042 
121.3 136 850.5 | 822.6 -9} 866.2 | 202.8] 3.27 -8063 
122.3 137 351.1 | 823.2 | 1189.0} 865.8 | 201.4] 3.94 +8084 
123.3 1 851.8 | 823.8 865.4 | 200.0] 3.22 8105 
124.3 189 852.2 | 824.4 -4} 865.0} 198.7) 8.20 -3126 
125.8 140 852.8 | 325.0 -5| 864.6} 197.8] 8.18 »8147 
126.3 141 858.3 | 825.5 7 | 864.2 196.0 | 3.16 3169 
127.8 142 853.9 | 826.1 3 863.8 | 194.7] 3.14 ~3190 
128.3 143 854.4 | 826.7 | 1190.0 | 863.4 | 193.4 8.11 +8211 
129.3 144 855.0 | 3827.2 . 868.0 | 192.2 | 3.09 +a282 
130.8 145 855.5 | 827.8 4; 862.6 | 190.9] 8.07 8253 
131.8 146 856.0 | 3828.4 5} 862.2 189.7 8.05 8274 
182.3 147 856.6 | 828.9 -@| 861.8 | 188.5 | 8.04 +8295 
133.3 148 857.1 829.5 9] 861.4 187.3 | $8.02 3316 
184.3 149 357.6 | 330.0 | 1191.0] 861.0 | 186.1} 8.00 23337 
185.8 150 858.2 | 3830.6 ; 860.6 | 184.9] 2.98 .8358 
3 151 858.7 | 881.1 -o 183.7 | 2.96 8379 
187.3 152 359.2 | 331.6 859.9 | 182.6 | 2.94 ~3400 
138.3 153 359.7 | 332.2 -7 | 859.5 181.5 2.92 8421 
189.3 154 860.2 | 882.7 859.1 | 180.4] 2.91 3442 
140.3 155 360.7 | $33.2 | 1192.0] 858.7 | 3179.2] 9.89 -8463 
141.3 156 861.3 | 833.8 . 4 178.1 2.87 3483 
142.3 157 861.8 | 3834.3 3| 858.0] 177.0! 2.85 +8504 
143.3 158 362.3 | 334.8 4] 857.6} 176.0] 2.84 +8525 
144.3 159 862.8 | 835.3 6} 857.2 | 174.9 | 2.82 «3546 
145.8 160 863.3 | 385.9 -7| 856.9 | 1738.9] 2.80 3567 
146.3 161 363.8 | 336.4 -9] 856.5] 172.9: 2.79 8588 
147.8 162 864.3 | 836.9 | 1198.0] 856.1] 171.9] 9.77 -3609 
148.3 163 864.8 | 337.4 -2| 855.8] 171.0] $3.76 - 8630 
149.3 164 365.3 | 837.9 * 855.4 | 170.0] 9.74 +8650 
150.3 165 865.7 | 838.4 -5 | 855.1} 169.0| 2.72 8671 
151.3 166 866.2 | 888.9 6) 854.7 | 168.1| 2.71 8692 
152.3 167 866.7 | 389.4 -6| 854.4] 167.1 | 2.69 3713 
153.3 168 867.2 | 389.9 -9| 854.0] 166.2] 2.68 8734 
154.3 169 867.7 | 340.4 | 1194.1 | 853.6 | 165.3 2.66 8754 
155.3 170 868.2 | 840.9 -2| 853.8 | 164.8] 2.65 8775 
156.3 M1 368.6 | 841.4 4) 852.9} 163.4] 2.43 08796 
157.3 172 369.1 | 341.9 S| 852.6] 162.5] 2.62 8817 
158.3 1%3 6 | 342.4 -@| 852.8| 161.6] 2.61 28838 
159.3 1%4 870.0 | 842.9 8} 851.9] 160.7) 2.59 8858 
8 1%5 870.5 | 343.4 . 851.6 | 159.8] 2.58 «8879 
161.3 1%6 871.0 | 343.9 | 1195.1] 851.2 | 158.9 2.56 .8900 
162.8 17 871.4 | 844.3 +2) 850.9 | 158.1] 2.55 -8921 
163.3 1%8 871.9 | 844.8 4] 850.5] 157.2] 2.54 -8942 
164.3 179 872.4 | 845.3 5] 850.2] 156.4] 2.52 8962 
165.3 180 872.8 | 845.8 -@| 849.9) 155.6] 2.51 .8983 
166.3 181 873.3 | 846.3] © .8]| 849.5 | 154.8 2.50 -4004 
167.3 182.) 878.7 | 346.7 -9 | 849.2] 154.0] 2.48 4025 
148.3 \ 183 874.2 |. 847.2 | 1196.1 848.9 153.2 | 2.47 ~4046 
mete 1 47.2 | 1196.1 | 848.9 | 158.2 1 
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Pruperties of Saturated Steam, 
Total Heat D 


= = 
® é * 3 + r 
eis! : above 82°F. | . | 8 = ae. 
ao BR Bas 3.2\28 a 28 
&. | ef5 a3 In the| Inthe] mS |EE “| —8 | wy 
S hae 5 2 Water | Steam] 2/4 | bo ul S sa 
Ba |ee8| Ba noat-| Heot-| £ne | Sse | ee | 22 
ue 3 ea eat- I mos = ‘Os 
S= |gez eB | units. | units. | 3 gPS |) SS | pe 
169.8 194 | 974.6] 347.7 | 1196.2 | 948.5 | ipe4| 246 | 4000" 
170.3 185 | 375.1] 348.1 8] 848.2} 151.6] 2.45 | .4087 
171.3 186 | 375.5 | 348.6 | 847:9| 1508] 2.43 | ‘4108 
172.3 187 | 375.9 | 349.1 6] 847.6} 150.0| 2.42 | ‘4190 
173.3 188 | 376.4| 349.5 7 | 847.2 | 149.2] 2:41 | “4150 
174.3 189 | 376.9| 350.0 9] 846.9} 148.5] 2.40 | 24170 
175.3 190 | 377.8] 350.4] 1197.0] 846.6] 147.8] 9.39 | .a191 
176.3 191 | 377.7 | 350.9 1} 846.3} 147.0] 9.37 | aai2 
177.3 192 | 378.2 | 351.3 3] 845.9] 146.3] 2136 | 14933 
178.3 193 | 378.6 | 351.8 4] 845.6] 145.6] 2.35 | l4p54 
179.3 194 | 3879.0 | 35212 5} 845.38] 144.9] 2134 | “4975 
180.3 195 | 379.5 | 352.7 7] 845.0] 144.2] 2.98 | 4296 
181.3 196 }| 380.0] 353:1 8] 844.7] 14815] 2.32 | l43i7 
185.3 197 | 380.3 | 383.6 9} 844.4] 142.8] 2°31 | la3az 
183.3 198 | 380.7] 354.0 | 1198.1 | 844:1| 142.1] 2709 | ‘aang 
184.8 199 | 381.2| 354.4 2) 843.7] 141.4] 2198 | la379 
185.3 381.6 | 354.9 3] 843.4] 140.8] 2.27 | .4400 
186.3 201 | 38210] 355.3 4] 843.1] 140.1 | 2:26 | 14420 
187.3 202 | 382.4] 355.8 6| 842.8] 130.5] 2.95 | 24441 
188.3 208 | 362.8| 356.2 +7] 842.5 | 138.8] 2:04 | 14462 
189.8 204 | 38312] 356.6 8} 842.2] 138.1] 2.23 | ‘a4ge 
190.8 205 | 883.7] 357.1] 1199.0] g41.9| 197.5 | 2.92 | 4508. 
. 191.3 206 | 3841] 357.5 841.6 | 186.9] 2.21 | ‘4598 
192/83 207 | 384.5 | 357.9 2| 841.3} 136:3| 2.90 | ‘a5a4 
193.8 208 | 3849] 358.3 3] 841.0] 135.7] 2:19 | ‘4564. 
194.3 209 | 385.3| 358.8 840.7 | 185.1] 2.18 | : 
195.3 210 | 385.7 | 359.2 6} 840.4] 134.5] 2.17 |. .4605 
196.3 211 | 386.1 | 359.6 -7 | 840.1 | 183.9 | 2:16 |’ 14626 
197.3 212 | 386.5 | 360.0 -8| 839.8} 133.3] 2.15 | 4646 
198.3 213 | 386.9| 360.4 : 9.5 | 132.7 | 2.14 | 24667 
199.3 214 | 387.3] 360.9 | 1200:1| 839.2] 13211] e113 | ‘4687 
200.3 215 | 387.7 | 361.3 2| 838.9] 131.5] 2.12 | 4707 
201.3 216 | 388.1| 361.7 33 6} 130.9] 212 | [4798 
202.3 217 | 388.5 | 362.1 4] 838.3] 330.3] 2.11 | ‘4748 
203.3 218 | 388.9| 362.5 -6| 838.1] 129:7| 2:10 | ‘4768- 
204.8 219 | 389.3 | 362.9 .7| 837.8] 129.2] 2.09 | ‘a7eg 
205.3 220 | 389.7} 362.2#] 1200.8 | 838.6*| 128.7] 2.06 | .4gse 
215.3 230 | 393.6] 866.2 | 1202.0 | 835.8] 193°3| 1.98 | ‘S081 
995.8 240 | 397.3] 370.0] 1208.1 | 833.1] 118.5] 1:90 | 6270 
935.3 250 | 400.9] 3873.8] 1204:2 | 930.5] 114.0] 1°83 | “sag 
245.8 260 | 404.4] 377.4 | 1205.3] 827.9] 109.8.) 1.76 | 5686 
255.3 270 | 407.8| 380.9 | 1206.3] 825.4] 105.9] 1.70 | ‘B04 
265.3 280 | 411.0] 384.3 | 1207.3 | $23.0] 102.3! 1.64 | ‘e101 
275.3 290 | 414.2] 387.7 | 1208.3 | 820.6] 99:0] 1.585 | ‘6308 
285.3 300 | 417.4] 3890.9] 1209.2/ 818.3] 95.8! 1.595 | .6B15 
335.3 350_| 432.0 | 406.8 | 1213.7] so7.5 | 82.7 | 1.305 | 27545 


*The discrepancies at 205.3 lbs. gauge are due to the change from 
Dwelshauvers-Dery’s to Buel’s figures, 
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Properties of Saturated Steam. 


Total Heat 


o : 3, oe : 
Ba aS. 2 above 32° F. a re Es as 5s 
ns A ReG Ee ex |of. 5a aie 
&2 |o22| 24 | mihel inthe mH eiF Ss" S& 
be $20] &S lw s aE OF I | oo 3s 
o® I= tat 24 oo ater | Steam gus Pee as e323 
Bo | gs8| 24 Heat: | Heat fio lece | Ba | 22 
Ps eat- eat-| # SSo & Sis 
a= qa e&* | units. | units. | 5 ers | Se Ba 
385.3 400 | 444.9 | 419.8 | 1217.7 | 797.9 | 70.8 |aae7 | sore 
435.3 450 | 456.6 | 432.2 | 1221.3] 789-1] 65:1 | 1.042 | “9595 
485.3 500 | 467.4] 443.5 | 1224.5] 781.0] 58.8 | .942 | 1.068 
535.3 550 | 477.5] 454.1 | 1227.6 | 773.5] 53°6 | ‘50 | 4.164 
585.3 600 | 486.9] 464.2] 1230.5 | 766.3] 49'3 | ‘790 | 1.266 
635.3 650 | 495.7) 473.6 | 1233.2] 759.6] 45:6 | :731 | 1.368 
685.3 700 | 504.1] 482.4] 1285.7 | 753.3 42.4 | 680 | 1.470 
735.8 750 | 512.1} 490.9] 1238.0] 47.2] 39.6 | [636 | 1.572 
785.8 800 } 519.6] 498.9] 1240.8 | 41.4] 3771. | “e907 | tera 
835.3 850 | 526.8] 506.7 | 1242.5 | 735.8] 34°99 | 563 | 1776 
885.3 900 | 533.7} 514.0] 1244.7 | 730.6] 33.0 | .53e | 1.878 
935.3 950 | 540.3] 521-3] 1246.7] 7254] 31.4 | ¢ 1.980 
985.8 | 1000 | 546.8 | 528.3 | 1248.7 | 720.3 | 30:0 | ‘480 | 2/082 
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Flow of Steam through a Nozzle, (From Clark on the Steam- 
engine.)—The flow of steam of a greater pressure into an atmosphere of a 
less pressure increases as the difference of pressure is increased, until the 
external pressure becomes only 58% of the absolute pressure in the boiler. 
The flow of steam is neither increased nor diminished by the fall of the ex- 
ternal pressure below 58%, or about 4/7ths of the inside pressure, even to the 
extent of a perfect vacuum. In flowing through a nozzle of the best form, 
the steam expands to the external pressure, and to the volume due to this 
pressure, so long as it is not less than 58% of the internal pressure. For an 
external pressure of 58%, and for lower percentages, the ratio of expansion 
is 1 to 1.624. The following table is selected from Mr. Brownlee’s data exem- 
plifying the rates of discharge under a constant internal pressure, into 
various external pressures: 


Outflow of Steam; from a Given Initial Pressure into 
Various Lower Pressures, 
Absolute initial pressure in boiler, 75 lbs. per sq. in, 


Absolute . . Discharge 
4 External Ratioof | Velocity of Actual 
Bequre in Pressure |Expansion| Outflow [Velocity of as Bobet 
5 wes per square in at Constant | Outflow Orifice per 
eats ae inch, Nozzle, Density. | Expanded.| “micePs 
Ibs, Ibs. ratio. feet per sec. | feet p. sec. Tbs. 
5 74 1.012 227.5 230 6 


7 
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When steam of varying initial pressures is discharged into the atmos- 
phere—the atmospheric pressure being not more than 58% of the initial 
hme velocity of outflow at constant density, that is, supposing the 

itial density to be maintained, is given by the formula V = 3.5953 /h. 


V= the velocity of outflow in feet per second, as for steam of the initial 
ensity ; 
h = the height in feet of a column of steam of the given absolute initial 
pressure of uniform density, the weight of which is equal to the pres- 
sure on the unit of base. 


The lowest initial Eeceenep to which the formula applies, when the steam 
is discharged into the atmosphere at 14.7 lbs. per square inch, is (14.7 x 
100/58 =) 25.87 Ibs. per square inch. Examples of the application of the 
formula are given in the table below. 

From the contents of this table it appears that the velocity of outflow into 
the atmosphere, of steam above 25 lbs. per square inch absolute pressure, 
or 10 lbs. effective, increases very slowly with the pressure, obviously be- 
cause the density, and the weight to be moved, increase with the pressure, 
An average of 900 feet per second may, for approximate calculations, be 
taken for the velocity of outflow as for constant density, that is, taking the 
volume of the steam at the initial volume. 

Outflow of Steam into the Atmosphere,—External pressure 
per square inch 14.7 lbs, absolute, Ratio of expansion in nozzle, 1.624, 


Q oO 

5 SIRS . os 5° 
= SAS) bh S-s/2 A te sol p 2 . 
Sy. (bob S Cg asouss. so) B ne? aa 
28s [609] S,.; |saclest ele scloou| 5, Sa, | pe83 
Rok S88] 398 [oe sealSls oflsag 3e8 om | Fy la 
$28 [pal Pas Pesala sig gelpgo Pee |ress| Boag 
52S See] SOG SSS OF Sess. 8] SOR (S8as| 685 
oon SES 5 SSe/2 OM ifsosloes aoe “0 wi 

x ° S) = BIOO Suk ook 

Bags |Sea| Sse |S 55/5 se 218a sigs B%a |S208| 53x38 
4 5 4 Seoul 4 «(> 4 A es 


25.37 | 863 401 2.81) 45.6 90 | 89) 27.94 | 155.9 

86' 1408 | 26.84) 53.7 1 898 | 1459 86.34 | 172.7 
40 874 | 1419 | 35.18) 70.4 115 | 902} 1466 98.76 | 197.5 
50 880 | 1429 | 44.06 135 1472 | 115.61 | 231.2 
60 885 | 1437 | 52.59] 105.2 155] 910] 1478 | 1382.21} 264.4 
70 889 | 1444 | 61.07) 122.1 165 | 912] 148 140.46 | 280.9 
75 891 | 1447 | 65.30) 130.6 215 |} 919 | 1493 | 181.58 | 363.2 


Napier’s Approximate Rule.—Flow in pounds per second = ab- 
solute pressure X area in square inches + 70. This rule gives results which 
closely correspond with those in the above table, as shown below. 


Abs. press., Ibs, p. sq. in. 25.37 40 60 %5 100 = 185 165 215 
Discharge per min., by 

table, Ib: +++ 22.81 35.18 52.59 65.30 86.94 115.61 140.46 181.58 
By Napier’s rule. 21.74 34.29 51.43 64.29 85.71 115.71 141.43 184.29 


Prof. Peabody, in Trans. A. §. M. E., xi, 187, reports a series of experi- 
ments on flow of steam through tubes 14 inch in diameter, and 14, 14, and 1 
inch long, with rounded entrances, in which the results agreed closely wit! 
Napier’s formula, the greatest difference being an excess of the experimental 
over the calculated result of 3.2%. An equation derived from the theory of 
thermodynamics is given by Prof. Peabody, but it does not agree with the 
eaperimental results as well as Napier’s rule, the excess of the actual flow 
being 6.6%. 2 

Flow of Steam in Pipes,—A formula commonly used for velocity 
of flow of steam in pipes is the same as Downing’s for the flow of water in 


‘smooth cast-iron pipes, viz., V = w04/ 2 D, in which V = velocity in feet 


ex second, L = length and D = diameter of pipe in feet, H = height in 
‘feet of & column of steam, of the pressure of the steam at the entrance, 
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which would produce a pressure equal to the difference of pressures at’ the 
two ends of the pipe. (For derivation of the coefficient 50, see Briggs on 
“Warming Buildings by Steam,” Proc. Inst. C. E. 1882.) 


If Q = quantity in cubic feet per minute, d = diameter in inches, L and H 


being in feet, the formula reduces to : 


et / Bes, QL 5/eL 
Q= aaag/ Fas, H = .0448 qe? a= s8ity/ 2. 


(These formulee are applicable to air and other gases as well as steam.) 

If p; = pressure in pounds per square inch of the steam (or gas) at the en- 
trance to the pipe, p, = the pressure at the exit, then 144(p, — pg) = differ- 
ence in pressure per square foot. Let w= density or weight per cubic foot 
of steam at the pressure p,, then the height of column equivalent to the 
difference in pressures 


a7 144 py = Pa) and Q=60x 7354 x sope4/ Hr pabP, 
w wh 


If W = weight of steam flowing in pounds per minute = Qw, and d is 
taken in inches, L being in feet, 


WP; — Po)d®, 1 _ (1 — Pa)d5, 

We= 26.054 /UPs = Pelt? + Q= bo. /Pi— 208, 
& 56 />O:,T 
d= 0.1004 J VOLES 0199 , / Vee 
W(Py — Pa) Pi— Ps 


Velocity in feet per minute = V = Q + 73540 = 10392 / Pra pale. i 


144 
wh 
3(P1 — Pa) 
For a velocity of 6000 feet per minute, a steam-pressure of 100 Ibs. gauge, 
or w =.264, and a length of 100 feet, d = ——}3 pi —De= 7 That is, a 


1 
pipe 1 inch diameter, 100 feet long, carrying steam of 100 Ibs. gauge-pressure 
at 6000 feet velocity per minute, would have a loss of ay ae of 8.8 lbs. per 
Square inch, while steam travelling at the same velocity in a pipe 8.8 inches 
diameter would lose only 1 lb. pressure. 
G. H. Babcock, in “‘Steam,” gives the formula 


For a velocity of 6000 feet per minute, d = 3P1 —Pa= nm 


W = 974 / Pi Poe 
ra a 


In earlier editions of ‘Steam ” the coefficient is given as 300,—evidently an 
error,—and this value has been reprinted in Clark’s Pocket-Book (1892 edi- 
tion). It is apparently derived from one of the numerous formule for flow 
of water in pipes, the multiplier of Z in the denominator being used for an 
expression of the increased resistance of small pipes. Putting this formula 


w an 6 
in the form W=c V MP pad in which ¢ will vary with the diameter 


of the pipe, we have, 


For diameter, inches.... 1 2 8 4 6 9 12 
Valuietot 620. 28 ces - 40.7 521 58.8 63 68.8 73.7 79.38 


mstead of the constant value 56.68, given with the simpler formula. 
One of the most widely accepted formule for flow of water is D’Arcy’s, 


Vix 4 /, te in which c has values ranging from 65 for a 34-inch pipe up to 


7 
! 
; 
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111.5 for 24-inch. Using D’Arcy’s coefficients, and modifying his formula to 
make it apply to steam, to the form ; mf 


on o/ 2 He Or Wee fe Sea 


we obtain, 

For diameter, inches.... 14 1 2 8 4 5 6 7 8 
Value of c,.......... - 86.8 45.3 52.7 56.1 57.8 58.4 59.5 60.1 60.7 
For diameter, inches.... 9 10 12 14.16 18 20 92 94 
VAIN Of C0 SUE aes 61.2 61.8 621 62.8 62.6 62.7 62.9 63.2 63.2 


In the absence of direct experiments these coefficients are probably as 
accurate as any that may be derived from formule for flow of water. 


SuL  W3L 


cds ~ owas" 


Loss of Pressure due to Radiation as well as Friction.— 
E. A. Rudiger (Mechanics, June 30, 1883) gives the following formule and 
tables for flow of steam in pipes. He takes into consideration the losses in 
pressure due both to radiation and to friction. 


Loss of pressure in Ibs. per sq. in. = Pi-DPa= 


Loss of power, expressed in heat-units due to friction, Hf = 


Loss due to radiation, Ar = 0,262rld, 


In which W is the weight in lbs. of steam delivered per hour, ¢ the coeffi- 
\cient of friction of the bipe, 1 the length of the pipe in feet, p the absolute 
‘terminal pressure, d the diameter of the pipe in inches, and r the coefficient 
of radiation. fis taken as from .0165 to .0175, and r varies as follows: 


weft 
10p2as" 


TABLE OF VALUES FOR r, 


A 


> Absolute Pressure, 
A Pipe Covering. a a 
f 40 Ibs, 65 Ibs. 90 Ibs, | 115 Ibs. 

Uncovered pipe..... 437 555 620 684 
2-inch cement com: 146 178 193 209 
2 ‘* asbestos.... 157 192 202 222 
2 “© asbestos fi 150 185 197 210 
2 ‘* wooden log. 1 122 145 151 
“mineral woo 61 %6 85 93 


2 ; 
2“ hair felt..... 48 58 f{ 66 73 
eRe ee CN Sak leh bate ieee oil) Lk 


The appended table shows the loss due to friction and radiation in asteam- 
pipe where the quantity of steam to be delivered is 1000 Ibs. per hour, 7 = 
1000 feet, the pipe being so proleried that loss by radiation r = 64, and the 
absolute terminal pressure being 90 lbs.: 


TTA Sal FESR GRE GK A SEARED RNIN ree ee ee 


Diameter] Loss by jeri Total | Diam. | Lossby | LO8Sby | moter 
ti 


adia- Radia- 


of Pipe, | Friction, A Loss, J of Pipe,| Friction, . Loss. 
aches! Hy. ed L. finches.| Hy, Bat Let 
ir. ui 
1 197,531 16,768 31g 376 58,688 59,064 
1% 64,727 20,960 4 193 67,072 67,265 
1 26,012 25,152 5 63 840 
. 1% 12,025 29, 6 25 100,608 | 100,628 
6,173 83,536 z 12 117,376 | 117,288 
; 216 a8 41,920 & 6 184,144 | 184,150 
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If the pipes are carrying steam with minimum loss, then for same r, t, 
and p, the loss of pressure L for pipes of different diameters varies in- 
versely as the diameters. ; 

The general equation for the loss of pressure for the minimal loss from 
friction and radiation is 


1 = 920007028 _drip 
<a 


The loss of pressure for pipes of 1 inch diameter for different absolute 


terminal pressures when steam is flowing with minimal loss is expressed by 
the formula L =C18/ r?, in which the coefficient C has the following values: 


For 65 lbs. abs. term. pressure..........e++e++e00+eC = 0,00089887 
SEs attire Shay eS a ---  0,00093684 


“ 99 & “ 3 0.00099573 
“90 4 “ “ ee 0,00103182 
Dip UIs had ea ig ox ee Meeccceevaucietgeranes 0.00108051 


In order to find the loss of pressure for any other diameter, divide the less 
of pressure in a 1-inch pipe for the given terminal pressure by the given 
diameter, and the quotient will be the loss of pressure for that diameter. 

Ses following is a general summary of the results of Mr. Rudiger’s inves- 
tigation : 

The flow of steam in a pipe is determined in the same manner as the flow 
of water, the formula for the flow of steam being modified only by substi- 
tuting the equivalent loss of pressure, divided by the density of the steam, 
for the loss of head. 

The losses in the flow of steam are two in number—the loss due to the 
friction of flow and that due to radiation from the sides of the pipe. The 
sum of these is a minimum when the equivalent of the loss due to fric- 
tion of flow is equal to one fifth of the loss of heat by radiation. For a 
greater or less loss of pressure—i.e., for a less or greater diameter of pipe 
—the total loss increases very ey: 

For delivering a given quantity of steam ata given termina] pressure, 
with minimal total loss, the better the non-conducting material employed, 
the larger the diameter of the steam-pipe to be used. 

The most economical loss of pressure for a pipe of given diameter is equal 
to the most economical loss of pressure in a pipe of 1 inch diameter for same 
conditions, divided by the diameter of the given pipe in inches. 

The following table gives the capacity of pipes of different diameters, to 
deliver steam at different termina’ pressures through a pipe one half mila 
long for loss of pressure of 10 lbs., and a mean value of Ff = 0,0175. Let W 
denote the number of pounds of steam delivered per hour : 


a aS VEU SRR ameaec eens eee ceo ee eS 


Diameter Abs. Term, Pressure. |] Diameter | Abs. Term. Pressure. 
of Pipe, of Pipe, 
inches. inches. 

65 Ibs. | 80 Ibs. |100 Ibs, 65 Ibs. | 80 Ibs, | 100 Ibs, 


_———__——_. 


4 


Ww 
ieetsecseteas|a) 102 | -.118)| 795 
dgceteecce ten 179 |) 7908, |. 919 
UA iccccbeconcl ) 282] 8121 848 
184i....0.....) | 415] 459] 508 
Rieenaes ote eBTO | -G4L |.) 240 
Morrererveeen| 011] 1421 | 1,240 


41,081 | 45,507 | 50,349 
51,049 | 56,564 | 62,581 


Resistance to Flow by Bends, Valves, etc. (From Briggs on _ 
Warming Buildings by Steam.)—The resistance at’ the entrance to a tube © 
when no special bell-mouth is given consists of two parts. The head yt 2g 


{s expended in giving the velocity of flow; and the head 0.505 2 in over. 
2g 
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coming the resistance of the mouth of the tube, Hence the whole loss of 
head at the entrance is 1.505 . This resistance is equal to the resistance 


of a straight tube of a length equal to about 60 times its diameter. 

The loss at each sharp right-angled elbow is the same as in flowing 
through a length of straight tube equal to about 40 times its diameter. For 
a globe steam stop-valve the resistance is taken to be 114 times that of the 
right-angled elbow. 

Sizes of Steam-pipes for Stationary Engines.—Authorities 
on the steam-engine generally agree that steam-pipes supplying engines 
should be of such size that the mean velocity of steam in them does not 
exceed 6000 feet per minute, in order that the loss of pressure due to friction 
may not be excessive. The velocity is calculated on the assumption that the 
cylinder is filled at each stroke, In very long pi es, 100 feet and upward, it 
is well to make them larger than this rule would give, and to place a large 
steam receiver on the pipe near the engine, especially when the engine cuts 
orf early in the stroke. 

An article in Power, May, 1893, on proper area of supply-pipes for engines 
gives a table showing the practice of leading builders. To facilitate com- 
parison, all the engines have been rated in horse-power at 40 pounds mean 
effective pressure. The table contains all the varieties of simple engines, 
from the slide-valve to the Corliss, and it appears that there is no general 
difference in the sizes of pipe used in the different types. 

The averages selected from this table are as follows: j 


Diam, of pipe, in...... 2 2% 8 8% 4 4 5.5 6) ie 8 ) 
Av. H.P.of engines.... 25 39 56 77 100 126 156 225 306 400 506 625 
Calculated,formula (1) 23 36 51 70 91 116 148 206 278 866 463 571 
ni formula (2) 24 37.5 54 73 96 121 150 216 294 884 486 600 
Formula (1) is: 1 H.P. requires .1375 sq. in. of steam-pipe area, 
Formula (2) is: Horse-power = 6d?. d = diam. of pipe in inches. 


The factor .1375 in formula (1)is thus derived: Assume that the linear 
velocity of steam in the pipeshould not exceed 6000 feet per minute, then 
pipe area = cyl. area X piston-speed + 6000 (a). Assume that the av. mean 
effective pressure is 40 lbs. per sq. in., then cyl. area x Label x 40 + 
33,000 = horse-power (b)._ Dividing (a) by (6) and cancelling, we have pipe 
area + H.P. = .1375 sq. in. If we use 8000 ft. per min. as the allowable 
velocity, then the factor .1375 becomes .1031; that is, pipe area+ H.P. = 
.1031, or pipe area X 9.7 = horse-power. This, however, gives areas of pipe 
smaller than are used in the most recent practice. A formula which gives 
results closely agreeing with practice, as shown in the above table is 


Horse-power = 6d?, or pipe diameter =4/ af = .408 4/H.P. 


DIAMETERS OF CYLINDERS CORRESPONDING TO VARIOUS SIZES oF STEAM- 
PIPES BASED ON PISTON-SPEED OF ENGINE OF 600 FT. PER MINUTE, AND 
ALLOWABLE MgAN VELOCITY oF STEAM IN Pipe OF 4000, 6000, anD 
FT. PER Min. (STEAM 48SUMED To BE ADMITTED DURING FULL STROKE.) 


Diam. of pipe, mchies......... 2 344 8 4 4% 5 6 
Cl, 4000...) Ss camasseeicesieciees Oot Gugrteare i) 10.3 11.6 12.9 15.5 
a indies sleemttagwe esewmeisn, Odi - sOmuO De tt Tanto B i Td-2 15°89 
ee |. dusiesaativgs tcesesveses ¢20, | Min IOe- 12.800 94.6- 16:4 18.3. 21.9 

Horse-power, ApproxX.......0. 20 31 45 62 80 100 125 180 

Diam. of pipe, inches......... 2 8 9 10 OY 2 8 14 
el. 4000,...... euscccccecescucs 18.1 20.7 23.2 25.8 28.4 31.0 83.6 36.1 

siaiste wralemee eocccccesesee 22.1 25.3 28.5 81.6 34.8 387.9 41.1 44.3 

SER SO00%. dainre Senieraabine eee eeee 25.6 29.2 32.9 86.5 40.2 43.8 47.5 51.1. 

Horse-power, approx......... 245 320 500 606- 718 845 981 


Area of cylinder x piston-speed 


mormula... Area cf pips mean velocity of steam in pipe * 


. _ For piston-speed of 600 ft. per min. and velocity in pipe of 4000, 6000, and 
8000 ft. per min. area of pipe = pee ty 15, .10, and .075 x area of cyl- 
inder. Diam. of pipe = respectively .3873, .3162, and .2739 X diam. of cyl 
der. Reciprocals of these figures are 2,582, 3.162, and 3.651. ‘ 
The first line in the above tablemay be used for proportioning exhaust- 
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ipes, in which a baa not exceeding 4000 ft. ae minute Is advisable, | 
e last line, approx. H.P. of engine, is based on the velocity of 6000 ft. per 

min. in the pipe, using the corresponding diameter of piston, and taking 

HP. = 14(diam, of piston in mches)” : ; : 

Sizes of Steam-pipes for Marine Engines.—In marine-engine 
practice the steam -pipes are generally not as large es in stationary practice 
for the same sizes of cylinder. Seaton gives the following rules: 

Main Steam-pipes should be of such size that the mean velocity of flow 
does not excee #000 ft. per min, 

In large engines, 1000 to 2000 H.P., cutting off at less than half stroke, the 
steam-pipe may be designed for a mean velocity of 9000 ft., and 10,000 ft. 
for still larger engines. ; 

In small engines and engities cutting later than half stroke, a velocity of 
less than 8000 ft. per minute is desirable. 

Taking 8100 ft. per min. as the mean velocity, S speed of piston in feet per 
min., and D the diameter of the eyl, 


Stop and Throttle Valves should have a greater area of passages than the 
Area of the main mee 9 
cuitous passages. The s' 
avoid abrupt changes of direction an of ve! 
Area of Steam Ports and Passages = 


Area of piston x speed of piston in ft. per min, _ (Diam.)? x speed 
6000 4 7639 . 


Opening of Port to Steam.—To avoid wire-drawing during admission the 
area of opening to steam should be such that the mean velocity of flow does 
not exceed 10,000 ft, per min. To avoid excessive clearance the width of 


length (measured at right angles to the line of travel of the valve). In 
practice this length is usually 0.6 to 0.8 of the diameter of the cylinder, but 


velocity of the steam should not exceed 6000 ft. per min., and the area 
should be ae if the length of the exhaust-pipe is comparatively long. 
The area of passages from cylinders to receivers should be such that the 
velocity will not exceed 5000 ft. per min. 

The following table is computed on the basis of a mean velocity of flow 
of 8000 ft, per min. for the main steam-pipe, 10,000 for opening to steam, 
and 6000 for exhaust. .4 = area of piston, D its diameter, 


Sream anp Exmaust OpEninas, 


Piston- Diam. of Area of | Diam. of | Area of Opening 
speed, Biosti-pipe Steam-pipe) Exhaust | Exhaust | to Steam 
ft. per min, + Dz +A, + D. + A, +A, 
800 0.194 0.0875 0.228 0.0500 0.03 
400 0.224 0.0500 0.258 0.0667 0 04 
500 0.0625 0.288 0.0833 0.05 
600 0.274 0.0750 0.316 0.1000 0.06 
700 0.296 0.0875 0.341 0.1167 0.07 
800 0.316 0.1000 0.365 0.1333 0.08 
900 0.335 0.1125 0.387 0.1500 0.09 
. 1000 0.353 0.1250 0.400 0.1667 0.10 
OO ash OLB BES i) OO 


STEAM PIPES. 


babedartn Hib atd of Copper Steam-pipes. (From Report of Chief 
Engineer Melville, U. S. N., for 1892.)—Some tests were made at the New 
York Navy Yard which show the unreliability of brazed seams. in cop- 
t pipes. Each pipe was 8 in. diameter inside and 3 ft. 15g in. long. 
th ends were closed by ribbed heads and the pipe was subjected to a hot- 
water pressure, the temperature being maintain constant at 871° B’. Three 
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b ws x fn < 
of the pipes were made of No. 4 sheet copper (“Stubbs ” gatige) and the 
fourth was made of No. 3 sheet. 
The following were the results, in Ibs. per sq. in., of bursting-pressure: 


Pipe numbers ssarvenweese saci oa 1 2 3 4 4’ 
Actual bursting-strength........ 835 785 950 1225 1275 
Caleulated ‘“ MS fetid bin 1808 9) 21886 1569 1568 1568 ; 


Differences cicne savaniesdbaxccsen ee OOL 551 619 343 293 


The theoretical bursting-pressure of the pipes was calculated by using the 
figures obtained in the tests for the strength of copper sheet with a brazed 
joint at 350° F. Pipes 1 and 2 are considered as having been annealed. 

The tests of specimens cut from the ruptured pipes. show the injurious 
action of heat upon sopper sheets; and that, while a white heat does not 
change the character of the metal, a heat of only slightly greater degree 
causes it to lose the fibrous nature that it has acquired in rolling, and a 
serious reduction in its tensile strength and ductility results. 

All the brazing was done by expert workmen, and their failure to make a 
pipe-joint without burning the metal at some point makes it probable that, 
with copper of this or greater thickness, it is seldom accomplished, 

. That it is posible to make a joint without thus injuring the metal was 
proven in the cases of many of the specimens, both of those eut from the 
pines and those made separately, which broke with a fibrous fracture, 

ule for Thickness of Copper Steam-pipes. (U. S. Super- 
yising Inspectors of Steam Vessels.)—Multiply the working steam-pressure 
in lbs. per Por ey allowed the boiler by the diameter of the pipe in inches, 
then divide the product by the constant whole number 8000, and add .0625 to 
the quotient; the sum will give the thickness of material required. 

ExampLe.—Let 175 lbs. = working steam-pressure per sq. in. allowed the 


§ ; 175 x 5 : 
boiler, 5 in. = diameter of the pipe; then: + .0625 = .1718 + inch, 


8000 
thickness required, 

Reinforcing Steam-pipes, (£ng., Aug. 11, 1893.)—In the Italian 
Navy copper pre above 8 in, diam. are reinforced by wrapping them with 
a close spiral of copper or Delta-metal wire. Two or three independent 
spirals are used for safety in case one wire breaks. They are wound at a 
tension of about 1 tons per sq, in. 

Wire-wound Steam-pipes.—The system instituted by the British 
Admiralty of winding all steam-pipes over 8 in. in diameter with 3/16-in. 
copper wire, thereby about doubling the bnrsting-pressure, has within re- 
cent years been adopted on many merchant steamers using high-pressure 
steam, says the London Engineer. The results of some of the A miralty 
tests showed that a wire pipe stood just about the pressure it ought to have 
stood when unwired, had the copper not been injured in the brazing. — 

Kiveted Steel Steam-pipes have recently boen used for high 

ressures. See paper on A Method of Manufacture of Large Steam-pipes, 
by Chas. H. Manning, Trans. A. 8; M. E., vol. xv. 

Valves in Steam-pipes.—Should a globe-valve on a steam-pipe have 
the steani-pressure on top or underneath the valve isa disputed question, 
With the steam-pressure on top, the stuffing-box around the valve-stem can- 
not be repacked without shutting off steam from the whole line of pipe; on 
the other hand, if the steam-pressure is on the bottom of the valve it all hag 
to be sustained by the screw-thread on the valve-stem, and there is danger 
of stripping the thread. 

A correspondent of the American Machinist, 1892, says that it is a very 
uncommon thing in the ordinary globe-valve to have the thread give out, 
but by water-hammer and merciless screwing the seat will be crushed down 
quite frequently. Therefore with plants where only one boiler is used he 
advises placing the valve with the boiler-pressure underneath it. On plants 
where several boilers are connected to one main steam-pipe he would re- 
verse the position of the valve, then when one of the valves needs repacking ~ 
the valve can be closed and the pressure in the boiler whose pipe it controls 
can be reduced to atmospheric by lifting the safety-valve. The repacking 
can Noa be done without interfering with the operation of the other boilers 
of the plant. 

He pease also the following other rules for locating valves: Place 
valves with the stems horizontal to avoid the formation of a water-pocket, 
Never at the junction-valve close to the boiler if the main Pipe is above 
the boiler, but put it on the highest point of the junction-pipe. If the other 
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\ | 
plan fs followed, the pipe fills with water whenever this boiler is stopped | 
and the others are running, and breakage of the pipe may cause serious re- | 
sults. Never let a junction-pipe run into the bottom of the main pipe, but | 
into the side or top. Always use an angle-valve where convenient, as there | 
is more room in them, Never use a gate valve under high pressure unless a 
by-pass is used withit. Never open a blow-off valve on a boiler a little and 
then shut it; it is sure to catch the sediment and ruin the valve; throw it 
well open before closing. Never use a globe-valve on an indicator-pipe. For 
water, always use gate or angle valves or stop-cocks to obtain a clear pas- 
Sage. Buy if possible valves with renewable disks. Lastly, never let a man 
£0 inside a boiler to work, especially if he is to hammer on it, unless you 
break the joint between the boiler an* the valve and put a plate of steel 
between the flanges, 

A Failure of a Brazed C8pper Steam-pipe on the British 
steamer Prodano was investigated by Prof. J.O. Arnold. He found that 
the brazing was originally sound, but that it had deteriorated by oxidation 
of the zinc in the brazing alloy by electrolysis, which was due to the presence 
of fatty acids produced by decomposition of the oil used in the engines. 
A full account of the investigation is given in The Engineer, April 15, 1898. 

The **Steam Loop”? is a system of piping by which water of con- 
densation in steam-pipes is automatically returned to the boiler. In its 
simplest form it consists of three pipes, which are called the riser, the hori- 
zontal, and the drop-leg. When the steam-loop is used for returning to the 
boiler the water of condensation and entrainment from the steam-pipe 
through which the steam flows to the cylinder of an engine, the riser is gen- 
erally attached to a separator; this riser empties at a suitable height into 
the horizontal, and from thence the water of condensation is led into the 
drop-leg, which is connected to the boiler, into which the water of condensa« 
tion is fed as soon as the hydrostatic Peepers in drop-leg in connection with 
the steam-pressure in the pipes is sufficient to overcome the boiler-pressure, 
The action of the device depends on the following principles: Difference of 
peony may be balanced by a water-column; vapors or liquids tend to flow 

the point of lowest pressure; rate of flow depends on difference of pres- 

sure and mass; decrease of static pressure in a steam-pipe or chamber ig 
proportional to rate of condensation; in a steam-current water will be car- 
oes Swept along rapidly by friction. (Illustrated in Modern Mechanism, 
p. 807. 
Loss from an Uncovered Steam-pipe. (Bjorling on Pum ing: 
engines.)—The amount of loss by condensation in a steam-pipe carried down 
a deep mine-shaft has been ascertained by actual practice at the Clay Cross 
Colliery, near Chesterfield, where there is a pipe 7% in. internal diam., 1100 
ft. long. The loss of steam by condensation was ascertained by direct 
measurement of the water deposited in a receiver, and was found to be 
equivalent to about 1 Ib. of coal per I.H.P. per hour for every 100 ft. of 
steam-pipe; but there is no doubt that if the pipes had been in the upeast 
shaft, and well covered witha good non-conducting material, the loss would. 
have been less. (For Steam-pipe Coverings, see p. 469, ante.) 
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THE STEAM-BOILER. 


The Horse-power of a Steam-boiler.—The term horse power 
has two meanings in engineering : First, an absolute unit or measure of the 
rate of work, that is, of the work done ina certain definite period of time, 
by 2 source of energy, as & steam-boiler, a waterfall, a current of air or 
water, or by a prime mover, as a steam-engine, & water-wheel, or a wind- 
mill. ‘The value of this unit, whenever it can be expressed in foot-pounds 
of energy, as in the case of steam-engines, water-wheels, and waterfalls, is 
$3,000 foot-pounds per minute. In the case of boilers, where the work done. 
the conversion of water into steam, cannot be expressed in foot-pounds of 
available energy, the usual value given to the term horse-power is the evap- 
oration of 30!bs. of water of a temperature of 100° F. into steam at 70 Ibs. 

ressure above the atmosphere. Both of these units are arbitrary; the phe | 
33,000 foot-pounds per minute, first adopted by James Watt, being conside’ 
equivalent to the power exerted by a good London draught-horse, and the 
30 Ibs. of water evaporated per hour being considered to be the steam re- - 
quirement per indicated horse-power of an average engine. 

The second definition of the term horse-power is an approximate measure 
of the size, capacity, value, or “rating” of a boiler, engine, water-wheel, or 
other source or conveyer of energy, by which measure it may be described, 
bought and sold, advertised, etc. No definite value can be given to this 
measure, which varies largely with local custom or individual opinion of 
makers and users of machinery. The nearest approach to uniformity which 
can be arrived at in the term “ horse-power,” used in this sense, is to say 
that a boiler, engine, water-wheel, or other machine, “rated” at a certain 
horse-power, should be capable of steadily developing that horse-power for 
a long period of time under ordinary conditions of use and practice, leaving 
to local custom, to the judgment of the buyer and seller, to written contracts 
of purchase and sale, or to legal decisions upon such contracts, the interpre- 
tation of what is meant by the term “ordinary conditions of use and 
practice.” (Trans. A. S. M. E., vol. vii. p. 226.) 

The committee of the A. S. M. E. on Trials of Steam-boilers in 1884 . 
vol. vi. p. 265) discussed the question of the horse-power of boilers as follows: 

The Committee of Ju of the Centennial ibition, to whom the tri 
of competing boilers at that exhibition were intrusted, met with this same 
problem, and finally agreed to solve it, at least so far as the work of that 
committee was concerned, by the adoption of the unit, 30 lbs. of water evap- 
orated into dry steam per hour from feed-water at 100° F., and under a 

ressure of 70 Ibs. per square inch above the atmosphere, these conditions 
Tene considered by them to represent fairly average practice. The quan- 
tity of heat demanded to evaporate a pound of water under these conditions 
is 1110.2 British thermal units, or 1.1496 units of evaporation. The unit of 
power proposed is thus pa) ep to the development of 33,305 heat-units 
per hour, or 34,488 units 0! evaporation. ...- 

Your committee, after due consideration, has determined to t the 
Centennial Standard, the first above mentioned, and to recommend that in 
all standard trials the commercial horse-power be taken as an evaporation 
of 30 Ibs. of water per hour from a feed-water temperature of 100° F. into 
steam at 70 lbs. gauge-pressure, which shall be considered to be equal to 3444 
units of evaporation, t is, to 3414 Ibs. of water evaporated from a feed- 
water temperature of 212° F. into steam at the same temperature. This 
standard is equal to 33,305 thermal units per hour. . 

It is the opinion of this committee that a boiler rated at any stated number 
of horse-powers should be capable of developing that power with easy firing, 
moderate draught, and ordi fuel, while ibiting good economy ; and 
further, that the boiler should be capable of developing at least one third 
more than its rated power to meet emergencies afi times when maximum 
economy is not the most importart object to be attained. 

Unit of Evaporation.—tt is the custom to reduce results of boiler- 
tests to the common standard of weight of water evaporated by the unit 
weight of the combustible fd saab of the fuel, the evaporation being consid- 
ered to have taken place at mean atmospheric pressure, and at the temper- 
ature due that pressure, the feed-water being also assumed to have been 
. supplied at that temperature. This is, in technical language, said to be the 

equivalent evaporation from and at the boiling-point at atmospheric pres- 

sure, or “from and at 212° F.” This unit of evaporation, or one pound of 
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water evaporated from and at 212°, is equivalent to 965.7 British thermal 
units. 
Measures for Comparing the Duty of Boilers.—The meas- 


ure of the efficiency of a, boiler is the number of pounds of water evaporated © 
per pound of combustible, the evaporation being reduced to the standard of} 


‘he measure of the capacity of a boiler is the amount of * boiler horse-. 
power ”’ developed, a horse-power being defined as the evaporation of 80 lbs, 
of water per hour from 100° F, into steam at 70 lbs. pressure, or 3414 Ibs, per 
hour from and at 212°, 

The measure of relative rapidity of steaming of boilers is the number of 
Peunte of water evaporated per hour per square foot of water-heating sur- 
‘ace, 


measure of relative rapidity of combustion of fuel in boiler-furnaces 
number of pounds of coal burned per hour per square foot of grate- 
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The 
is the 
surface, 


@ given Horse=power.—The term horse-power here means capacity 


to evaporate 30 lbs. of water from 100° F., temperature of feed-water, to 
steam of 70 Ibs., gauge-pressure = 34.5 Ibs. from and at 212° F. 


ria mum economy for land boilers fired with 
G00d anthracite coal: 
Heating sur we Keleing swole aaa, 11.5 sq. ft. 
Grate sreeseceee 1/8 
Ratio of heatin - 345 
' Water evap’d from and at 212° r 3 Ibs, 
Combustible burned per Ht 2 -» 3 
Coal with 1 8.6 «+ 
ombustib. ge 
Coal with 1/6 refuse te! 
ater evap 1B pe 
i ed coal (1/6 refuse) 9.6 “* 


The rate of evaporat 
fated from and at 212° 
Tate of combustion i 

Heating-surface, 
boiler should be pr 


increase in economy can be obtai g the heating-surface bé- 
yond the Proportion of 1s orated, and 
with all conditions favorable but little decrease of economy will take place 


here economy may be sacrificed to capacity, as where fuel is very cheap, 
itis customary to proportion the heating-surface much less liberal y. The 
following table shows approximately the relative results that may be ex- 
pected with different rates of evaporation, with anthracite Coal. 


Lbs. water evapor’d from and at 212° per sq. ft. heating-surface per hour: 
2 2.5 8 8.5 4 5 q 6 7 a) 9° 10 


Sq. ft. heating-surface required per horse-power: 

WS 188 11.5 9.8 8.6 6.8 5.8 4,9 4.8 3.8 3.5 
Ratio of heating to grate surface if 1/3'sq. ft. of @. S. is required per H.P,: 

52 41.4 84.5 29.4 25.8 20.4 “a4 13.7 129 114 10.5 
Probable relative economy: 

100 100 100 95 90 85 80 % 70 65 60 

. Probable temperature of chimney gases, de, rees F,; 

450 450 450 518 585 ‘ aoe 720 . 87 85 RR. gag 


{ 
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The relative economy will vary not only with the amount uf heating-sur- 
face per horse-power, but with the efficiency of that heating-surface as 
regards its capacity for transfer of heat from the heated gases to the water, 
|} ‘which will depend on its freedom from soot and incrustation, and upon the 
| sirculation of the water and the heated gases. 

With bituminous coal the efficiency will largely depend upon the thorough 
jness with which the combustion is effected in the furnace. 

The efficiency with any kind of fuel will proatly depend upon the amount. 
‘Jyof air supplied to the furnace in excess of that required to support com- 

‘bustion. With strong draught and thin fires this excess may be very great, 
‘causing a serious loss of economy. i 

‘Measurement of Heating-surface,—Authorities are not agreed 
‘as to the methods of measuring the heating-surface of steam-boilers, The 
‘usual rule is to consider as heating-surface all the surfaces that are sur- 
‘rounded by water on one side and by flame or heated gases on the other, but 
‘there is a difference of opinion as to whether tubular heating-surface should. 
be figured from the inside or from the outside diameter. Some writers say, 
measure the heating-surface always on the smaller side—the fire side of the 
‘tube in a horizontal return tubular boiler and the water side in a water-tube 
‘boiler. Others would deduct from the heating-surface thus measured an 
‘allowance for portions supposed to be ineffective on account of being cove 
‘ered by dust, or being out of the direct current of the gases. 

It has hitherto been the common practice of boiler-makers to consider all 
‘surfaces as heating-surfaces which transmit heat from the flame or gases 
‘to the water, making no allowance for different degrees of effectiveness; 
‘also, to use the external instead of the internal diameter of tubes, for 
igreater convenience in calculation, the external diameter of boiler-tubes 
‘usually being made in even inches or half inches. This method, however, 
‘is inaccurate, for the true heating-surface of a tube is the side exposed to 
ithe hot gases, the inner surface in a fire-tube boiler and the outer surface 
‘in a water-tube boiler. The resistance to the passage of heat from the hot 
\gases on one side of a tube or plate to the water on the other consists almost 
‘entirely of the resistance to the passage of the heat from the gases into the 
‘metal, the resistance of the metal itself and that of the wetted surface being 
‘practically nothing. See paper by C. W. Baker, Trans. A. 8. M, E., vol. xix. 

Rute for finding the heating-surface of vertical tubular boilers : Multiply 
the circumference of the fire-box (in inches) by its height above the erate 
multiply the combined circumference of all the tubes by their length, and 
to these two products add the area of the lower tube-sheet ; from this sum 
subtract the area of all the tubes, and divide by 144: the quotient is the 
number of square feet of heating-surface, 

Rue for finding the heating-surface of horizontal tubular boilers: Take 
the dimensions in inches. Multiply two thirds of the circumference of the 
shell by its length; multiply the sum of the circumferences of all the tubes 
by their common length; to the sum of these products add two thirds of the 
area of both tube-sheets; from this sum subtract twice the combined area of 
all the tubes; divide the remainder by 144 to obtain the result in square feet. 

Roz for finding the a feet of heating-surface in tubes: Multiply the 
paneer Ks Ee) by the diameter of a tube in inches, by its length in’ feet, 
ian. y. . 

Horse-power, Builder’s Rating. Heating-surface per 
Horse-power.—It is a general practice among builders to furnish about 
12 square feet of heating-surface per horse-power, but as the practice is not 
uniform, bids and contracts should always specify the amount of heating- 
‘surface to be furnished. Not less than one third square foot of grate-surface 
‘should be furnished per horse-power. : ‘ 

Engineering News, July 5, 1894, gives the following rough-and-ready rule 
for finding approximately the commercial horse-power of tubular or water- 
tube boilers: Number of tubes x their length in feet x their nominal 
diameter in inchen: + 50 a iam +50, The number of square feet of surface 

7 ¥ - 
in the tubes is = = oe and the horse-power at 12 square feet of surface 


of tubes per horse-power, not counting the shell, = nZd + 45,8, If 15 square 
feet of surface of tubes be taken, it is nZd + 57.3. Making allowance for 
the heating-surface in the sheil will reduce the divisor to about 50, 

Horse-power of Marine and Locomotive Boilers.—The 
term horse-power is not generally used in connection with boilers in marine 
practice, or with locomotives. The boilers are designed to suit the engines, 
and are rated by extent of grate and heating-surface only. 
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Grate-surface.—The amount of grate-surface required per horse 
power, and the proper ratio of heating-surface to grate-surface are ex- 
tremely variable, depending chiefly upon the character of the coal and upon 
the rate of draught. With good coal, low in ash, Be elaseon ein equal results 
may be obtained with large grate-surface and light draught and with small 

rate-surface and strong draught, the total amount of coal burned per hour 
feng the same in both cases. With good bituminous coal, like Pittsburgh, 
low in ash, the best results apparently are obtained with strong draught 
and high rates of combustion, provided the grate-surfaces are cut down so 
that the total coal burned per hour is not too great for the capacity of the 
heating-surface to absorb the heat produced. __ Z ; i 

With coals high in ash, especially if the ash is easily fusible, tending to 
choke the grates, large grate-surface and a slow rate of combustion are 
required, unless means, such as shaking grates, are provided to get rid of 
the ash as fast as it is made, 

The amount of grate-surface required per horse-power under various con- 
ditions may be estimated from the following table; 


I 
te © 3 as Pounds of Coal burned per square foot 
i= A & ae bg of Grate per Hows, 
gess8) 383 |————_—_—____—__. 
BASSO) SBR |g | 10 | 12 | 15 | 20 | 25 | 20 | a5 | 40 
= I es NO ee 
) Sq. Ft. Grate per H. P. 
Good coal 10 3.45 -10} .0S 
and boiler, 4 e rise a a 
4 . 2) .1 
Fair coal or 8 4°31 “381 44 
boiler, 7 4.98 14) 12 
* S bs | Ma 
CR ; 6 5.75 17| 114 
ries a 5 6.9 22) Az 
nite an 
_ poor boiler, f 8.45 10. -29| .25 


In designing a boiler for a given set of conditions, the grate-surface should 
be made as liberal as possible, say sufficient for a rate of combustion of 10 
Ibs. per square foot of grate for anthracite, and 15 Ibs. per square foot for 
bituminous coal, and in practice a portion of the grate-surface may be 
bricked over if it is found that the draught, fuel, or other conditions render 
it advisable, 

Proportions of Areas of Flues and other Gas-passages, 
—Rules are usually given making the area of gas-passages bear a certain 
ratio to the area of the grate-surface; thus a common rule for horizontal 
tubular boilers is to mako the area over the pugee wall 1/7 of the grate- 
surface, the flue area 1/8, and the chimney area af i 

For average conditions with anthracite coal and moderate draught, say a 
tate of combustion of 12 lbs. coal per nie foot of grate per hour, and a ratio 
of heating to grate surface of 30 to 1, this rule is as good as any, but it is evi- 
dent that if the draught were increased so as to cause a rate of combustion 
of 24 lbs., requiring the grate-surface to be cut down to a ratio of 60 to 1, the 
areus of gas-passages should not be reduced in proportion. The amount 
of coal burned per hour being the same under the changed conditions, and 
there being no reason why the gases should travel at a higher velocity, the 
actual areas of the passages should remain as before, but the ratio of the 
area to the grate-surface would in that case be doubled, 

Mr. Barrus states that the highest efficiency with anthracite coal is” 
obtained when the tube area is 1/9 to 1/10 of the grate-surface, and with’ 
bituminous coal when it is 1/6 to 1/7, for the conditions of medium rates of 
combustion, such as 10 to 12 lbs. per square foot of grate per hour, and 12 
ane feet of heating-surface allowed to the horse-power. 

he tube area should be made large enough not to choke the draught, and 
60 lessen the capacity of the boiler; if made too large the gases are apt to 
select the passages of least resistance and escape from them at a high 
velocity and high temperature. 

This condition is very commonly found in horizontal tubular boilers where 
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lithe gases go chiefly through the upper rows of tubes; sometimes also in 
J ivertical tubular boilers, where the gases are apt to pass most rapidly 
‘throngh the tubes nearest to the centre. ; i 
| Air-passages through Grate-bars.—The usual practice is, air- 
‘opening = 30% to 50% of area of the grate; the larger the better, to avoid 
"stoppage of the air-supply by clinker; but with coal free from clinker much 
ismaller air-space may be used without detriment. See paper by F. A. 
|] Scheffler, Trans. A. S, M. E., vol. xv. p. 503. 
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The performance of a steam-boiler comprises both its capacity for gener. 
ating steam and its economy of fuel. Capacity depends upon size, both of 
grate-surface and of heating-surface, upon the kind of coal burned, upon 
the draft, and also upon the economy. Economy of fuel depends upon the 
completeness with which the coal is burned in the furnace, on the proper 
regulation of the air-supply to the amount of coal burned, and upon the 
thoroughness with which the boiler absorbs the heat generated in* the 
furnace. The absorption of heat depends on the extent of beating*sur- 
face in relation to the amount of coal burned or of water evaporated, upon 
the arrangement of the gas-passages, and upon the cleanness of the sur- 
faces. The capacity of a boiler may increase with increase of economy 
when this is due to more thorough combustion of the coal or to better regu- 
lation of the air-supply, or it inay increase at the expense of economy 
when the increased capacity is due to overdriving, causing an increased 
loss of heat in the chimney gases. The relation of capacity to economy 
is therefore a complex one, depending on many variable conditions. 

Many attempts have been made to construct a formula expressing the rela- 
tion between capacity, rate of driving, or evaporation per square foot of 
heating-surface, to the economy, or evaporation per pound of combustible, 
but none of them can be considered satisfactory, since they make the 
economy depend only on the rate of’ driving (a few so-called ‘‘ constants,” 
however, being introduced in some of them for different classes of Boilers, 
kinds of fuel, or kind of draft), and fail to take into consideration the nu- 
merous other conditions upon which economy depends. Such formule are 
Raukine’s, Clark’s, Emery’s, Isherwood’s, Carpenter’s, and Hale’s. A dis- 
cussion of them allmay be found in Mr. BR. 8. Hale’s paper on “ Afficiency 
of Boiler Heating Surface,” in Trans. A. S. M. E., vol. xviii. p. 828. Mr. 
Hale’s formula takes into account the effect of radiation, which reduces the 
nea considerably when the rate of driving is less than 3 lbs, per square 

oot of heating-surface per hour, rm 

Selecting the highest results obtained at different rates of driving obtained 
with anthracite coal in the Centennial tests (see p. 685), and the highest 
result, with anthracite reported by Mr. Barrus in his book on Boiler Tests, 
the au.nor has plotted two curves showing the maximum results which 
may be expected with anthracite coal, the first under exceptional conditions 
Such as obtained in the Centennial tests, and the second under tle best 
conditions of ordinary practice. (Trans. A. S. M. E., xviii. 354). From these 
curves the following figures are obtained. 

Lbs. water evaporated from and at 212° per sq.ft. heating-surface per hour: 


1.65) Moo? 226) 8 8.54 45 5 6 7 8 
Lbs. water evaporated from and at 212° ae Ib. combustible : 


Centennial. 11.8 11.9 12.0 121 12.05 12 11, 11.7 11.5 1085 98 88 
Barrus..... 11.4 31.5 11.55 11.6 11.6 11.5 11.2 10.9 10.6 9.9 9.2 8.5 
Avg. Cent’l .... .... 12.0 11.6 11.2 10.8 10.4 100 96 88 80 7.2 


The figures in the last line are taken from a straight line drawn as nearly 
as possible through the average of the plotting of all the Centennial tests. 
The poorest results are far below these figures. It is evident that no formula 
can be constructed that will express the relation of economy to rate of 
driving as well as do the three lines of figures given above. 

For semi-bituminous and bituminous coals the relation of: economy to the 
rate of driving no doubt follows the same general law that it does with 
anthracite, i.e., that beyond a rate of evaporation of 8 or 4 Ibs. per sq. ft. of 
heating-surface per hour there is a decrease of economy, but the figures 
obtained in different tests will show a wider range between maximum and 
average results on account of the fact that it is more difficult with bituminous 
than with anthracite coal to secure complete combustion in the furnace. 
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The amount of the decrease in economy due to driving at rates exceeding 
4 lbs. of water evaporated per square foot of heating-surface per hour 
differs greatly with different boilers, and with the same boiler it may differ 
With different settings and with different coal. The arrangement and size 
of the gas-passages seem to have an important effect upon the relation of 
economy to rate of driving. There is a large field for future research to 
determine the causes which influence this relation. 

General Conditions which secure Economy of Steame- 
boilers.—In general, the highest results are produced where the tempera- 
ture of the escaping gases is the least. An examination of this question is 
made by Mr. G. H. Barrus in his book on “ Boiler Tests,” by selecting those 
tests made by him, six in number, in which the temperature exceeds the 
average, that is, 375° F., and comparing with five tests in which tne temper- 
ature is less than 375° The boilers are all of the common horizontal type, 
and all use anthracite coal of either egg or broken size. The average flue 
temperatures in the two series was 444° and 343° respectively, and the dif- 
ference was 101°, The average evaporations are 10.40 lbs. and 11.02 lbs. re 
spectively, and the lowest result corresponds to the case of the highest flue 
temperature. In these tests it appears, therefore, that a reduction of 101° 
in the temperature of the waste gases secured an increase in the evaporation 
of 6%. This result corresponds quite closely to the effect of lowering the 
temperature of the gases by means of a flue-heater where a reduction of 
107° was attended by an increase of 7% in the evaporation per pound of coal. 

A similar comparison was made on horizontal tubular boilers using Cum- 
berland coal. The average flue temperature in four tests is 450° and the 
average evaporation is 11.34 bs. Six boilers have tem peratures below 415°, 
the average of which is 383°, and these give an average evaporation of 11.75 
lbs. With 67° less temperature of the escaping gases the evaporation is 
higher by about 42. 

The wasteful effect of a high flue temperature is exhibited by other boilers 
than those of the horizontal tubular class. This source of waste was shown 
to be the main cause of the low economy produced in those vertical boilers 
which are deficient in heating-surface. 

_ Relation between the Heating-surface and Grate-surface to obtain the 
Highest Efficiency.—A comparison ‘of three tests of horizontal tubular 
boilers with anthracite coa , the ratio of heating-surface to grate-surface 
being 36.4 to 1, with three other tests of similar boilers, in which the ratio 
was 48 to 1, showed practically no difference in the results. The evidence 
shows that a ratio of 36 to 1 provides a sufficient quantity of heating-surface 
to secure the full efficiency of anthracite coal where the rate of combustion 
is not more than 12 Ibs, per sq. ft. of grate per hour. 

. In tests with bituminous coal an increase in the ratio from 36.8 to 4°.8 se- 
cured a small improvement in the evaporation per pound of coal, ane a high 
temperature of the escaping gases indicated that a still further increase 
would be beneficial. Among the high results | hake on common horizon- 
tal tubular boilers using bituminous coal, the highest occurs where the ratio 
53.1 to 1. This boiler gave an evaporation of 12.47 lbs. A double-deck 
boiler furnishes another example of high performance, an evaporation of 
12.42 lbs. having been obtained with bituminous coal, and in this case the 
ratio is 65to 1. These examples indicate that a much larger amount of 
heating-surface is required for coremng the full efficiency of bituminous 
coal than for boilers wre anthracite coal. The temperature of the escap- 
ing gases in the same boiler is invariably higher when bituminous coal is 
used than when anthracite coal is used. The deposit of soot on the surfaces 
when bituminous coal is used interferes with the full efficiency of the sur- 
face, and an increased area is demanded as an offset to the loss which this 
deposit occasions. It would seem, then, that if a ratio of 36 to 1 is sufficient 
for anthracite coal, from 45 to 50 should be provided when bituminous coal 
is burned, especially in cases where the rate of combustion is above 10 or 12 
Ibs. per sq. ft. of grate per hour. ; 

The number of tubes controls the ratio between the atea of grate-surface ' 
and area of tube-opening. A certain minimum amount of tube-opening is 
required for efficient work. 

The best results obtained with anthracite coal in the common horizontal 
boiler are in cases where the ratio of area of grate-surface to area of tube- 
opening is larger than 9101. The conclusion is drawn that the highest effi- 
ciency with anthracite coal is obtained when the tube-opening is from 1/9 to 
1/10 of the grate-surface, 
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When bituminous coal is burned the requirements appear to be different. 
he effect of a large tube-opening does not seem to make the extra tubes 
‘inefficient when bituminous coal is used. The highest result on any boiler of 
‘the horizontal tubular class, fired with bituminous coal, was obtained where 
the tube-opening was the largest. This gave an evaporation of 12.47 lbs., the 
ratio of grate-surface to tube-opening being 5.4 to 1. The next highest re- 
sult was 12.42 lbs., the ratio being 5.2 to 1. Three high results, averaging 
}12.01 lbs., were obtained when the average ratio was %.1 to 1. Without going 
}'to extremes, the ratio to be desired when bituminous coal is used is that 
‘which gives a tube-opening having an area of from 1/6 to 1/7 of the grate- 
wsurface. This applies to medium rates of combustion of, say, 10 to 12 lbs. per 
me ft. of grate per hour, 12 sq. ft. of water-heating surface being allowed per 
ihorse-power. 

j Acomparison of results obtained from different types of boilers leads to 
ithe general conclusion that the economy with which different types cf 
‘boilers operate depends much more upon their proportions and the condi- 
‘tions under which they work, than upon their type; and, moreover, that 
‘when these reper are suitably carried out, and when the conditions 
tare favorable, the various types of boilers give substantially the same eco- 
jnomic result. 

Efficiency of a Steam-boiler.—The efficiency of a boiler is the 
percentage of the total heat generated by the combustion of the fuel 
‘which is utilized in heating the water and in raisingsteam. With anthracite 
jcoal the heating-value of the combustible portion is very nearly 14,500 
'B. T. U. per Ib., equal to an evaporation from and at 212° of 14,500 + 966 
= 15 lbs. of water. A boiler which when tested with anthracite coal shows 
jan evaporation of 12 lbs, of water per lb. of combustible, has an efficiency of 
12+ 15 = 80%, a figure which is approximated, but scarcely ever quite 
‘reached, in the best practice, With bituminous coal it is necessary to have 
‘a determination of its heating-power made by a coal calorimeter before the 
efficiency of the boiler using it can be determined, but a close estimate may 
be made from the chemical analysis of the coal. (See Coal.) : 

The difference between the efficiency obtained by test and 100% is the sum 
‘of the numerous wastes of heat, the chief of which is the necessary loss due 
to the temperature of the chimney-gases. If we have an analysis anda 
calorimetric determination of the il elieel Haablls of the coal (properly sam- 
pled), and an average analysis of the chimney-gases, the amounts of the 
several losses may be determined with approximate accuracy by the method 
described below. 

» Data given: 


1, ANALYSIS OF THE COAL, 2. ANALYsIS oF THE Dry CaIMNEY- 
Cumberland Semi-bituminous, GASES, BY WEIGHT. 
MGEDON sai ck any see ns -. 80.55 Cc. 0. : 
4.50 CO, = 136 = 3.71 9.89 5 
RAO PICO = ae Bee ayy 4 
TOS OS PL ee 
2.92 N = 6.0 = nea 
Ash.... 8.25 — -—- 


| 


100.0 8.80 21.20 %5.00 
100.00 


Heating-value of the coal by Dulong’s formula, 14,243 heat-units. 

The gases being collected over water, the moisture in them is net deter- 
mined, 

3. Ash and refuse as determined by boiler-test, 10,25, or 2% more than that 
found by analysis, the difference representing carbon in the ashes obtained 
in the boiler-test. 

4. Temperature of external atmosphere, 60° F. 

5. Relative humidity of air, 60%, corresponding (see air tables) to .007 lb. of 
vapor in each lb. of air. : 

. Temperature of chimney-gases, 560° F. 

Calculated results : i . 

The carbon in the chimney-gases being 3.8% of their weight, the total 
weight of dry gases per lb. of carbon burned is 100 + 3.8 = 26.32 lbs. Since 
the carbon burned is 80,55 — 2 = 78.55% of the weight of the coal, the weight 
of the dry gases per lb. of coal is 26.32 x 78.55 + 100 = 20.67 lbs. 

Each pound of coal furnishes to the dry chimney-gases .7855 Ib. C, .0108N, 


‘and (270 - *) 4 100 = ,0214 Ib. 0; a total of .8177, say .821b. This sub- 
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tracted from 20.67 Ibs, leaves 19.85 Ibs. as the quantity of dry air (not includ- 
ing moisture) which enters the furnace per pound of coal, not counting the 
air required to burn the available hydrogen, that is, the hydrogen minus one 
eighth of the oxygen chemically combined in the coal. Each lb. of coal 
burned contained .045 Ib. H, which requires .045 x 8 = .36 Ib. O for its com- 
bustion. Of this, .027 Ib. is furnished by the coal itself, leaving .333 lb. to 
come from the air. The quantity of air needed to supply this oxygen (air 
containing 23% by weight of oxygen) is .832 + .28 = 1.45 Ib., which added to 
the 19.85 Ibs. already found gives 21.30 lbs, as the quantity of dry air sup- 
plied to the furnace per Ib. of coal burned. p 

The air carried in as vapor is’.0071 Ib. for each Ib. of dry air, or 21.3 x 0071 
= 0.15 lb. for each lb. of coal. Each Ib. of coal contained .029 lb. of mois- 
ture, which was evaporated and carried into the chimne «gases, The .045 Ib. 
of H per lb. of coal when burned formed .045 x 9 = .405 Ib. of H,0. 

From the analysis of the chimney-gas it appears that .09 + 3.80 = 2.37% of 
the carbon in the coal was burned to CO instead of to COsg. 

We now have the data for calculating the various losses of heat, as follows, 
for each pound of coal burned: 


Per cent of 
oe Heat-value 


of the Coal 

20.67 lbs. dry gas x (660° — 60°) x sp. heat 0.24 = 2480.4 17.41 

-15 1b. vapor in air x (560° — 60°) x sp. heat .48 = 386.0 0.25 

-029 1b. moisture in coal heated from 60° to 212° = 4.4 0.03 

© evaporated from and at 212°; .029 x 966 = 28.0 0.20 

“ steam (heated from 212° to 560°) x 348 X .48 = 4.8 0 03 

-405 lb. HO from H in coal x (152-++ 966+ 348 x .48)= 520.4 3.65 
-0237 lb. C burned to CO; loss by incomplete com- 

bustion, .0237 « (14544 — 4451) = 239.2 1.68 

-02 Ib. coal lost in ashes; .02 x 14544 =| 290.9. 2.04 

Radiation and unaccounted for, by difference y = 624.0 4.31 

am, E 4228.1 29.68 
Utilized in making steam, equivalent evaporation 

10.37 lbs. from and at 212° per Ib. of coal = 10,014.9 70.32 


14,243.0 100.00 


The heat lost by radiation from the boiler and furnace is not easily deter- 
mined directly, especially if the boiler is enclosed in brickwork, or is pro- 


One method of determining the loss by radiation is to block off a portion 
of the grate-surface and build a small fire on the remainder, and drive this 
fire with just enough draught to keep up the steam-pressure and supply the 
heat lost by radiation without allowing any steam to be discharged, weigh- 
ing the coal consumed for this purpose during a test of several hours’ dura- 

on. 


Estimates of radiation by difference are apt to be greatly in error, as in 
this difference are accumulated all the errors of the analyses of the coal 
and of the gases, An average value of the heat lost by radiation from a 
boiler set in brickwork is about 4 per cent.. When several boilers are in a 
battery and enclosed in a boiler-house the loss by radiation may be ye 
much less, since much of the heat radiated from the boiler is returned to it 
in the air supplied to the furnace, which is taken from the boiler-room. 

An important source of error in making a “heat balance” such as the 
one above given, especially when highly bituminous coal is used, may be 
due to the non-combustion of part of the hydrocarbon gases distilled from 
the coal immediately after firing, when the temperature of the furnace may 
be reduced below the point of ignition of the gases. Each pound of hydro- 
eo which escapes burning is equivalent to a loss of heat in the furnace of 

500 heat-units. 

In analyzing the chimney gases by the usual method the percentages of 
the constituent gases are obtained by volume instead of eee To 
Feduce percentages by volume to percentages by weight, multiply the per- 
centage by volume of each gas by its specific gravity as compared with air, 
and divide each product by the sum of the products, 
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_. f£0, CO, CO,, and N represent the per cents by volume of oxygen, car- 
- bonic oxide, carbonie acid, and nitrogen, respectively. in the gases of com- 


Lbs. of air required to burn }) _ _3.482N 
one pound of carbon t =o 05360" 


Ratio of total air to the theoretical requirement = 


Lbs. of air per pound Lbs. of air per pound Pur one pe 
ee of air per er ce 
of coal t=] of carbon bx4 ia oak 
11C0, + 80 + 71CO +N) 
Lbs. dry gas produced per pound of carbon = = - = 
CO, + CO) 
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Boiler-tests at the Centennial Exhibition, Philade 
— 1876.—(See Reports and Awards Group XX, International Exhibi- 
tien, Phila., 1876; also, Clark on the Steam-engine, vol. i, page 253.) 

- Competitive tests were made of fourteen boilers, using good anthracite 
coal, one boiler, the Galloway, being tested with both pre Raa and i. 
bituminous coal. Two tests were made with each boiler: one called the 
capacity triai, to determine the economy and capacity at a rapid rate of 
ap aay the other called the economy trial, to determine the economy 
when driven at a rate supposed to be near that of maximum economy and 
Fated capacity. The following table gives the principal results obtained in 
the economy trial, together with the capacity and economy figures of the 
capacity trial for comparison. 

Tooe 


FL o jSelSx i 
so} - = Oe ~ 
z= |e Re go2]2| 18 EE 
=i S j=aie=es : 
25/7 .)6 |25ia238/ S| ia g 
Name e2je 5/0 |S5(seai 2] sj a os 
of sales! 2 SIR esi SiS) oi. oF . mo 
— Els| € |stlaee] 21S) 2] 8 | = les. 
Ral <(S@i2sa/sisileis 4s less 
b Slee} a /2</925/5/2/2/ & | & [2e3 
ge 8| § /82/2,2/ |2/8) 2 | 2 |S 
“8 |S eee="|2)/2\/2) 8 )8 e°- 
lbs.|p.ct} Ibs.} Tbs. |deg) % |de HP. | Ibs. 
-6| 9.1/10.4/2.25]12.094| 393)... }41. 148.6]10.441 
+3}12.0)10.4 me es ao oo ve ren 
-6| 6.8)11.3 1.87/11. -] 9. 3/11. 
8 oeaies 2.42}11 .906 = 125.0}11.925 
-7|10.0/11.0,2.43] 11.822) 186.6/10.330 
2 ee ee -7| 9.6111.1'3.63}11 583 133.8/11.216 
.7| 7. ey eye pe bon 
-6} 8.0)10.3 2.32/11. Tt 9-%: 
3} 12.4} 8.5 10.930 108.4; 9.889 
7112.3} 9.5 3.30)10.834 162.8) 9.145 
; -5| 9.7] 9.3 2.64/10.618 132.8) 9.568 
-9110.8} 9.0 3.82) 10.312} .. 99.9) $397 
; -5| 9.3)11.4 1.38)}10.041 08.0) 9.974 
.0} 8.0}11.0,.4.44110.021 7-8) 9.865 
-0] 8.6 sue 9.613 9.429 
t 


of 8 per cent, but the relation of economy to rate of driving varied 

in the different boilers. In the Kelly boiler an increase in capacity of 22 

cent was attended by a decrease in economy of over 18 per cent, while 

Smith boiler with an increase of 25 per cent in capacity showed a slight 
_ increase in economy. 


3 
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One of the most important lessons gained from the above tests is that 
there is no necessary relation between the type of a boiler and economy. Of 
the five boilers that gave the best results, the total range of variation be- 
tween the highest and lowest of the five being only 2.3%, three were water- 
tube boilers, one was a horizontal tubular boiler, and the fifth was a com- 
bination of the two types, The next boiler on the list, the Galloway, was an 
internally fired boiler, all of the others being externally fired. The following 
ca a brief description of the principal constructive features of the fourteen 

ers: 


ROO. .essseeeseneseseee f 


Firmenich 
owe... 


QMMthesivcomesncscssete 


Babcock & Wilcox.... 


Galloway...... ...... 
AMNAVEWS es OE ee Foeei be 


4in. water-tubes, inclined 20° to horizontal; reversed 
draught. 

-» 8-in. water-tubes, nearly vertical; reversed draught, 

Cylindrical shell, multitubular flue. 

Cylindrical shell, multitubular flue--water-tubes in 
side flues, 

344-in. water-tubes, inclined 15° to horizontal; re- 
versed draught. 

Cylindrical shell, furnace-tubes and water-tubes. 

Square fire-box and doublereturn multitubular flues, 


“a 8 ‘slabs of cast-iron spheres, 8 in. in diameter; re- 
TATIUROM pais Aches vine versed draught, ’ 
Wiegand bg exrilsdigs tubes, vertical, with internal circulating 

Siem Ais emoesed ee abeAs 
Anderson.............. 3-in, flue-tubes, nearly horizontal; return circulation. 


3-in. water-tubes, slightly inclined; each divided by 
internal diaphragm to promote circulation. 

27 hollow rectangular cast-iron slabs. 

Rotating horizontal cylinder, with flue-tubes, 

Vertical cylindrical boiler, with external water-tubes. 
Tests of Tubulous Boilers.—The following tables are given by S. 

H. Leonard, Asst. Engr. U.S. N., in Jour. Am. Soc. Naval Engrs. 1890, The 

tests were made at different times by boards of U. 8, Naval Engineers, ex- 

cept the test of the locomotive-torpedo boiler, which was made in England. 

—_—$—— eve tOr PE CO Hower, WHICH Was Made in England. 


ten pn oe Oe 


Pat Evaporation rales 
ie ts from and at Weights, lbs. bo BIA 
ar 212° F, 4 lea 
2 13 ae Kh) 
a 2 ; . ss = 5t | 
; PA feaeoam b= .& Hi o| So} £ 3 
e| Te | 22 | elesleg|2a | leg] es] 22 | EL 
© 70 | & ois £] o a lg 
=h-4 o ,8| BS ee 7 lot] . So] 4 
2& | 2| 23) 22| dap |= Bel ea) |g 
S| ele7/& [aad |e 187) 5e14 | 2 lg 
3 & Ay OA Fae! als 
1 [Bellevillo..| 12.8 |10.42) 5.2 | 6.4 |B 40,870 on4 I58.9110.1 [Nat 111/B, 
9.3 |10.23| 3.1] 9.1 Im 9'945] 96 4.8 | Jet. | 120/A, 
Sleowson (epee d ea | ee team (ed 2 (3a | Be 
3. 13.4 | 2. 1,380117 11 Nath.) 148/A. 
B |Towne.....1} 9375 677] 85 | 40.4 fe 1,640| 56 (2-8! 9°6 | 4.14] 521A" 
7.9 110.77) 1.7 5.8 E 1,682 154 7.7 (Nat'l, O|A, 
4 |Ward......]4 15.5 [10.01] 3.2 11° |Z L689 g9 |y3.81 4'07| Jet. | 17/4: 
oe 9.88 eG bene E 18,900 130 ri "S58 1 = 
¢ Ur i 11 * . z . TIA, 
5 [Scoteh.....17 38° | 9.06/12:8 | 16.8 |S 30/0001 g0 41-2, 3:1 | aol Golan 
6 |Locom’tive| § 98.3 }..... 17.1 | 80.5 § 34.990/47- 7151 g| 1-8 | 8.13) 125/B, 
torpedo, | 2120.8 |...../20.05] 36.2 oe 183.8(" "| 1.2 | 4.95] 123/B, 
4 Ward ......|_ 85.04) 8.44] 9.47) 82.1 F 36538! 26 |12.3| 1.8 | 2 | i60)B, 
eid E 20.160 
croft. (U. ne oe lise -160/+81 |10.8].....] 8 | 24518, 
8.8.Cush- sd ae ees 
> ng. 


* Approxim ate, 
Per cent moisture in steam: Belleville, 6.31; Herreshoff (first test), 3.5 
Scotch, Ist, 8.44; 2d, 4.29; Ward, 11.6; others not given, 
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DIMENSIONS OF THE BoILERs, 
; No, 1 2 8 4 5 


i ff | peer eg BARLOW 
Length, ft. and in..| 8’ 6”| 4’ 9” 2” 6”| 3 2”| 9° 0”! 167 8 10’ 3//*| 10’ Ov’t 
VICE ASO Od 8. 3B |B Geb 1F(:9.0 46+ % Ot 
Meighty* 041021 4°.0518 817 8 li. 6% Jatt: 8 8 Of 
Space, cu. ft..... --| 645.5] 69.6 20 3 | 42.7 | 572.5] 630.3] 729.8 560 
Grate-area, sq. ft..| 84.17] 9 | 4.25 | 3.68 | 31.16] 28° 66.5 38.3 
Heating-surface, 

Sa. Piubey ra. tani 804 | 205] 75 146 | 727] 1116 2490 2875 
Ratio H.S. + G....| 23.5] 22 | 17.6 | 39.5 | 23.31 39.8 87.4 62 


* Diameter, + Diam. of drum. tApproximate. _ ; 


The weight per I.H.P. is estimated on a_ basis of 20 Ibs. of water per hour 
for all cases macepung the Scotch boiler, where 25 lbs. have been use , as this 
boiler was limited to 80 lbs. pressure of steam. 4 

_ The following approximation is made from the large table, on the assump- 
tion that the evaporation varies directly as the combustion, and 25 Ibs. of 
Coal per square foot of grate per hour used as the unit. 


¥ Weight 

1 Evapora- Weicnht |_ Weight mb 
‘ Com tion per 8 per sq. ft. Re 

., Type of Boiler. bustion, | cu. ft. of UL. Heating- mete 
Space, surface, rated. 

Belleville ........... 0.50 0.50 2.02 2.10 2.50 
Herreshoff..... eo 1.00 0.95 0.72 0.60 0.90 
FROWNGs avee:. cdakies 1.00 1.20 1.12 0.87 1.30 
Hcoteh sees ssrss cei = 1.00 0.44 2.40 1.64 2.30 
Locomotive ........ atest 3.90 0.31 3.70 1.25 8.50 
sift Ee See Gea 2.20 0.58 °1.27 0.50 1.53 


The Belleville boiler has no practical advantage over the Scotch either in 
space occupied or weight. All the other tubulous boilers given greatly 
exceed the Scotch in these advantages of weight and space. 


Some High Rates of Evaporation.—E£ng’g, May 9, 1884, p. 415. 


’ Locomotive. Torpedo-boat, 
Water evap, per sq. ft. H.S. per hour..... 12.57 = 13.78 12,54 20.74 
< oy **. lb, fuel from and at 212°. 8.22 


Thermal unit: nsf ft. of 2,142 13,263 12,113 20,034 
6 ‘d r * H.S. 1 9 
S tra per sq. ) > f 


Economy Effected by Heating the Air Supplied to 
Boiler-furmaces. (Clark, S. E.)—Meunier and Scheurer-Kestner Ob- 
tained about 7% greater evaporative efficiency in summer than in winter, 
‘from the same boilers under like conditions,—an excess which had been ex- 

lained by the difference of loss by radiation and conduction. But Mr. 

oupardin, surmising that the gain might be due in some degree also to the 
greater temperature of the air in summer, made comparative trials with 
_ two groups of three boilers, each working one week with the heated air, 
and the next week with cold air. The following were the several efficien. 
cies: 
mrs? TRIALS: THREE Boitrrs; RoncnHamp Coa, 
x Water per Jb. of Water per Ib. of 


ee Cotge neble. 

With heated air (128° F.) ............ 7.77 lbs, A S. 

With cold air (69°.8)............ ad oe eie 1108 a 8.63 ey 

Difference in favor of heated air .... 0.44 ‘ 0.32 
Srconp TriaLs: Same Coat; Tarek OTHER BoiERs. 

With heated air (120°.4 F.)...+...0-.-. 8.70 Ibs, 10.08 Iba, 

With cold air (75°.2)......0.sce0.00 8.09 * 9.34 “« 


Difference in favor of heated air..... 0.61 ** 0.74 
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These results show economies in favor of heating the aii of 6% and 714%. 

Mr. Poupardin believes that the gain in efficiency is due chiefly to the 
better combustion of the gases with heated air. It was observed that with 
heated air the flames were much shorter and whiter, and that there was 
notably less smoke from the chimney. 

An extensive series of experiments was made by J. O. Hoadley (Trans. 
A.S. M. E., vol. vi., 676) on a “‘Warm-blast Apparatus,” for utilizing the 
heat of the waste gases in heating the air supplied to the furnace. The ap- 

aratus, as applied to an ordinary horizontal tubular boiler 60 in. diameter, 
21 feet long, with 65 344-inch tubes, consisted of 240 2-inch tubes, 18 feet long, 
through which the hot gases pee while the air circulated around them. 
The net saving of fuel effected by the warm blast was from 10.7% to 15.5% of 
the fuel used with cold blast. The comparative temperatures averaged as 
follows, in degrees F. : 


Cold-blast Warm-blast 


Boiler. Boiler, _ Difference. 
In heat of fire............0. 02... 2493 2793 300 
At bridge wall.. 1600 260 
In smoke box........... aoa 373 875 2 
Air admitted to furnace......... 32 4382 300 
Steam and water in boiler....... 300 300 0 
Gases escaping to chimney... .. 373 162 211 
Eixtemal air. 52% cats itsesn ees cae 32 0 


With anthracite coal the evaporation from and at 212° per Ib. combustible 
was, for the cold-blast boiler, days 10.85 lbs., days and nights 10.51; and for 
the warm-blast boiler, days 11.83, days and nights 11.03. 


Besults of Tests of Heine Water-tube Boilers with 
Different Coals. 


(Communicated by E. D. Meier, C.E., 1894.) 
SSS Se ae RS Reid Seas eee Pe RT elt et i” 


NUMDOPZS .\cas cues cbareee | oid 2 3 4 5 6 vf 8 
3g a bald en re 
as | =. oS 
S28 | 24 Pool, | |ia | 7. |e 
Fata) ; a) wo) 25) b= 

Kind Coal. O% | Youghiogh-| & | es | os | aS! bs 
ga| or |S5| 26 | 30] 88/2 
5 ° = io) 
on & {8 Isa le 18 

Per cent ash............. 5.1 | 4.89 ]...... 11.6 | 16.1 | 11.5 | 21.8 | 12.8 

Heating-surface, s --| 2900 | 2040 | 2040 | 2300 | 1260 | 3730 | 1168 | 2770 

Grate-surface, sq. ft.....] 54 | 44.8 | 44.8 | 50 21 | 73.3 | 27.9 | 50 

Ratio H.S8. toG.S........ 53.7 | 45.5 | 45.5 46 60 | 50.9 | 41.9 | 55.4 

Coal per sq. ft. G.per hr.} 24.7 | 28.5 | 22.7 | 35 | 83.7 | 26.2 | 27.7) 36 

Water per sq. ft. H.S.per 

hr. from and at 212°...) 5.03 | 5.14 | 5.24 | 5.56 | 4.26 | 4.28 | 4.86 | 5.08 

Water evap. from and at 

212° per Ib. coal....... +] 10.91 | 9.94 | 10.51] 7.81 | 7.59 | 8.83 | 7.86 | 7.81 

Per lb. combustible......] 11.50} 10.48]... . | 8.27 | 9.05 | 9.41 | 9.41 | 8.96 

Temp. of chimney gases| 530° |..... 400 | 567 | 571 }...... 609 | 707 

Calorific value of fuel. ..|13,800]12, 936/12, 936/10, 487/11, 785/11, 616] 9.739 10,359 

Efficiency of boiler pere.| 77.0 | 74.3 | 78.5 | 67.2 | 62.5 | 69.3 | 73.0 | 72.6 


Tests Nos. 7 and 8 were made with the Hawley Down-draught Furnace, 
the others with ordinary furnaces. 

These tests confirm the statement already made as to the difficulty of 
obtaining, with ordinary grate-furnaces, as high a percentage of the calo- 
rific value of the fuel with the Western as with the Bastern coals, 

Test No 8, 78.5% efficiency, is remarkably good for Pittsburgh (Youghiogh- 
eny) coal, If the Washington coal had given equal efficiency, the saving of 


— 62. 
fuel would be oe = 20.2%. The results of tests Nos. 7 and 8 indicate 
that the downward-draught furnace is well adapted for burning Illinois 
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Maximum Boiler Efficiency with Cumberland Coal.-- 
About 12.5 lbs. of water per lb. combustible from and at 212° is about the 
highest evaporation that can be obtained from the best steam fuels in the 
United States, such as Cumberland, Pocahontas, and Clearfield. In excep- 
tional cases 13 Ibs. has been reached, and one test is on record (. W. Dean, 
Eng’g News, Feb. 1, 1894) giving 13.23 lbs. The boiler was internal] fired, 
of the Belpaire type, 82 inches diameter, 31 feet long, with 160 3-inch tubes 
1246 feetlong. Heating-surface, 1998 square feet; grate-surface,45 square feet, 
reduced during the test to 3014 square feet. Double furnace, with fire-brick 
arches and a long combustion-chamber. Feed-water heater in smoke-box. 
The following are the principal results : 


1st Test. 2d Test. 
8.85 16.06 


Dry coal burned per sq. ft. of grate per hour, Ibs..,.... 8, 
Water evap. per sq. ft. of heating-surface per hour, lbs 1.63 3.00 
Water evap. from and at 212° per lb. combustible, in- 
cluding feed-water heater........................ eeee 13.17 13.23 
- Water evaporated, excluding feed-water heater z 12,90 
Temperature of gases after leaving heater, F........... 360° 469° 
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Proportioning Boilers for Blast-Furnaces.—(F. W. Gordon, 
Trans. A. I. M. E., vol. xii., 1883.) 


Mr. Gordon’s recommendation for proportioning boilers when properly set 
for burning blast-furnace gas is, for coke practice, 30 sq. ft. of heating-sur- 
face per ton of iron per 24 hours, which the furnace is expected to make, 
calculating the heating-surface thus: For double-flued boilers, all shell- 
Surface exposed to the gases, and half the flue-surface; for the French type, 
all the exposed surface of the upper boiler and half the lower boiler- 
purteee for cylindrical boilers, not more than 60 ft. long, all the heating- 
surface. . 

To the above must be added a battery for zaley in case of cleaning, repairs, 
etc., Ens more than one battery extra in large plants, when the water carries 
much lime. 

For anthracite practice add 50% to above calculations. For charcoal prac. 
tice deduct 20%. 

In a letter to the author in May, 1894, Mr. Gordon says that the blast. 
furnace practice at the time when his article (from which the above extract 
is taken) was written was very different from that existing at the present 
time; besides, more economical engines are being introduced, so that less 
than 30 sq. ft. of boiler-surface per ton of iron made in 24 hours may now be 
adopted. He says further: Blast-furnace gases are seldom used for other 

_ than furnace requirements, which of course is throwing away good fuel. In 
this case a furnace in an ordinary good condition, and a condition where it 
can take its maximum of blast, which is in the neighborhood of 200 to 225 
cubic ft., atmospheric measurement, per sq. ft. of sectional area of hearth, 

| will generate the necessary H.P. with very small heating-surface, owing to 
the high heat of the escaping gases from the boilers, which frequently is 
1000 degrees, f 

A furnace making 200 tons of iron a day will consume about 900 H.P. in 
‘blowing the engine. About a pound of fuel is required in the furnace per 
pound of pig metal. En Bie 5 

In practice it requires 70 cu ft. of air-piston displacement per Ib, of fuet 
“consumed, or 22,400 cu. ft. pei minute for 200 tons of metal in 1400 working 

minutes per day, at, say, 10 lbs. discharge-pressure. This is equal to 914 lbs. 
M.E.P. on the steam-piston of equal area to the blast-piston, or 9001.H.P. To 
this add 20% for hoisting, pumping and other purposes for which steam is em- 

_ ployed around blast-furnaces, and we have 1100 H.P., or say 544 H.P. per 

ton of iron per day. Dividing this into 30 gives approximately 5% sq. ft. of 

‘heating-surface of boiler per H.P. 

Water-tube Boilers using Blast-furnace Gases.—D. Ss. 
Jacobus (Trans. A. I. M. E., xvii. 50) reports a test of a water-tube boiler using 
blast-furnace gas as fuel. The heating-surface was 2535 sq. ft. It develope 
828 H.P. (Centennial standard), or 5.01 lbs. of water from and at 212° per 
sq. ft. of heating-surface per hour. Some of the principal data obtained 
were as follows: Calorific value of 1 lb. of the gas, 1413 B T.U., includin; 
‘the effect of its initial temperature, which was 650° F. Amount of air us 
‘to burn 1 Ib. of the gas =0.91b. Chimney draught, 11gin. of water. Area of 
gas inlet, 300 sq. in.; of air inlet, 100 sq. in. Temperature of the chimney 


At 
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gases, 775° F, Efficiency of the boiler calculated from the temperatures 
and analyses of the gases at exit and entrance, 61%. The average analyses 
were as follows, hydrocarbons being included in the nitrogen: |. 


By Weight. _ By Volume. 
At Entrance.| At Exit, |At Entrance,| At Exit. 
10.69 26.37 7.08 18.64 
11 8.05 10 2.96 
26.71 1.78 27.80 1.98 
62.43 68.80 65.02 76.42 
2.92 7.1 
11.45 76 
Total C.. 14.37 7.95 


Steam-boilers Fired with Waste Gases from Puddling 
and Heating Furnaces,—tThe Iron Age, April 6, 1893, contains a report 
of a number of tests of steam-boilers utilizing the waste heat from pud- 
dling and heating furnaces in rolling-mills. The following principal data are 
selected: In Nos. 1, 2, and 4 the boiler is a Babcock & Wilcox water-tube 
boiler, and in No. 3 it is a plain cylinder boiler, 42 in. diam. and 26 ft. long. 
Re. 4 boiler was connected with a heating-furnace, the others with puddling 

‘urnaces. 


No, 2. No.3. No,4 


Heating-surface, it Gaba ce Sees aaieelale 1196 148 1380 
Grate-surface, sq. ft........ ates 18.6 13.6 16.7 
Ratio H.S. to G.S............ Q 2 87.2 10.5 82.8 
Water evap. per hour, Ibs................45 b 2159 1812 3055 
oe per sq: ft. H.S, per hr., Ibs... 3.3 1.8 12.7 2.2 
“per lb. coal from and at 212°, 5.9 6.24 3.76 6,34 
Mio off sips combsttiy Ey ta) S$ Zeeste 7.20 4.81 8.34 


In No, 2, 1,88 lbs. of iron were puddled per 1b. of coal. 

In No, 3, 1.14 lbs. of iron were puddled per !b. of coal. ; 

No, 3 shows that an insufficient amount of heating-surface was provided 
for the amount of waste heat available, 
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Code of 1899. 
(Reported by the Committee on Boiler Trials, Am. Soc. M, E.*), 


I, Determine at the outset the specific object of the proposed trial, 
whether it be to ascertain the capacity of the boiler, its efficiency as a 
steam-generator, its efficiency and its defects under usual working condi- 
tions, the economy of some particular kind of fuel, or the effect of changes 
of design, proportion, or operation; and prepare for the trial accordingly. 

Il. Examine the boiler, both outside and inside; ascertain the dimensions 
of grates, heating surfaces, and all important parts ; and make a full rec- 
ord, describing the same, and illustrating special features by sketches. 

Ill. Notice the general condition of the boiler and its equipment, and 
record such facts in relation thereto as bear upon the objects in view. 

If the object of the trial is to ascertain the maximum economy or capa- 
city of the boiler as a steam-generator, the boiler and all its appurtenances 
should be put in first-class condition. Clean the heating surface inside and 
outside, remove clinkers from the grates and from the sides of the furnace. 
Remove all dust, soot, and ashes from the chambers, smoke-connections, 
and flues. Close air-leaks in the masonry and poorly fitted cleaning-doors, 
See that the damper will open wide and close tight, Test for air-leaks by 
firing a few shovels of smoky fuel and immediately closing the damper, ob- 
serving the escape of smoke through the crevices, or by passing the flame 
of a candle over eracks in the brickwork. 


* The code is here slightly abridged. The complete report of the Com- 
mittee may be obtained in pamphlet form from the Secretary of the Ameri« 
can Society of Mechanical Engineers, 12 West 31st St., New York, 
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Youghiogheny or Pittsburg bituminous coals are recogn 
' For tests made to determine the performance of a b 


ized as standards.* 
oiler with a partic- 


ular kind of coal, such as may be specified in a contract for the ‘sale of a 
boiler, the coal used should not be higher in ash and in moisture than that 


specified, since increase in ash and moisture above asta 


ted amount is apt to 


cause a falling off of both capacity and economy in greater proportion than 


2. Tanks or water-meters for measuring water. Water-meters, asa rule, 


For accurate work 


test the blow-off and feed pipes should remain exposed to view. 


If an injector is used, it should receive steam directly through a felted 


if not directly measured; and the temperature, that of 
the boiler, . 


Let w = weight of water entering the injector; 
c= ‘ ee steam “ec ae “ee ; 
h, = heat-units per pound of water entering 
ha = oe “ “ oe “ steam iad 
Tegermee ee ne “ “* water leaving 


pases the essentials of excellence of quality, adap 


pare 


. 


“ 


«These coals are selected beeause they are about the only coals which 


tability to various 


inds of furnaces, grates, boilers, and methods of firing, and wide distribu- 


tion and general accessibility in the markets. 


t In feeding a boiler undergoing test with an injector taking steam from. 


another boiler, or from the main steam-pipe from several boilers, the evap; 


orative results may be modified by a difference in the 
from such source compared with that supplied by the 


uality of the steam 
oiler being tested, 


and in some cases the connection to the injector may act as a drip for the 


main steam-pipe, If it is known that the steam from 


the same pressure and quality as that furnished by the boiler undergoing: 


‘the test, the steam may be taken from such main pipe, 


the main pipe is of 


| 7 
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Then w + @ = weight on water leaving injector, 
= eo — ly 
ag Sa 


See that the steam-main is so arranged that water of condensation cannot 
run_back into the boiler. 

VIII. Duration of the Test.—For tests made to ascertain either the max- 
imum economy or the maximum capacity of a boiler, irrespective of the 

articular class of service for which it is regularly used, the duration should 
Ee at least ten hours of continuous running. If the rate of combustion ex- 
ceeds 25 pounds of coal per square foot of grate-surface per hour, it may be 
stopped when a total of 250 pounds of coal has been burned per square foot 
of grate. 

Ix. Starting and Stopping a Test.—The conditions of the boiler and fur- 
nace in all respects should be, as nearly as possible, the same at the end as 
at the beginning of the test. The steam-pressure should be the same ; the 
water-level the same ; the fire upon the grates should be the same in quan- 
tity and condition; and the walls, flues, ete., should be of the same tempera- 
ture. Two methods of obtaining the desired Be fared of conditions of the 
fire may be used, viz., those which were called in the Code of 1885 ‘the 
standard method ”’ and ‘‘the alternate method,” the latter being employed 
where it is inconvenient to make use of the standard method.* 

X. Standard Method of Starting and Stopping a Test.—Steam being 
raised to the working pressure, remove rapidly all the fire from the grate, 
close the damper, clean the ash-pit, and as quickly as possible start a new 
fire with weighed wood and coal, noting the time and the water-level + while 
the water is in a quiescent state, just before lighting the fire. 5 

At the end of the test remove the whole fire, which has been burned low, 
clean the grates and ash-pit, and note the water-level when the water is in 
a quiescent state, and record the time of hauling the fire, The water-level 
should be as nearly as possible the same as at the beginning of the test. If 
it is not the same, a correction should be made by computation, and not by 
Operating the pump after the test is completed. 

XI. Alternate Method of Starting and pega a Test.—The boiler bein 
thoroughly heated by a preli minary run, the fires are to be burned low and 
well cleaned. Note the amount of coal left on the grate as nearly as it can 
be estimated; note the pressure of steam and the water-level. Note the 
time, and record it as the starting-time. Fresh coal which has been weighed 
should now be fired. The Les should be thoroughly cleaned at once 
after starting. Before the end of the test the fires should be burned low, 
ms as before the start, and the fires cleaned in such a manner as to leave a 

ed of coal on the grates of the same depth, and in the same condition, as 
at the start. When this stage is reached, note the time and record it as the 
stopping-time, The water-level and steam-pressures should previously be 
pera as nearly as possible to the same point as at thestart. If the water- 
level is not the same as at the start, a correction should be made by com- 
putation, and not by Apes} the pump after the test is completed. 

XML. Uniformity of Conditions.—in all trials made to ascertain maximum 
economy or capacity the conditions should be maintained uniformly con- 
stant. Arrangements should be made to dispose of the steam so that the 
rate of evaporation may be kept the same from beginning to end. 

XII. Keeping the Records.—Take note of every event connected with the 
Progress of the trial, however unimportant it may appear. Record the 
time of every occurrence and the time of taking every weight and every 
observation. 

The coal should be weighed and delivered to the fireman in equal propor- , 


tions, each sufficient for not more than one hour’s run, and a fresh portion ~ 4 


*The Committee concludes that it is best to retain the designations 
“standard” and “alternate,” since they have become widely known and 
established in the minds of engineers and in the reprints in the Code of 
1885. Many engineers prefer the “alternate” to the “standard ” method 
on account of its being less liable to error due to cooling of the boiler at the 
beginning and end of a test. 

tThe gauge-glass should not be blown out within an hour before the 
water-level is taken at the beginning and end of a test, otherwise an error 
in the reading of the water-level may be caused by a change in the tempera- 
ture and density to the water in the pipe leading from ‘ne bottom of the 


glass into the boiler. a 
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t 


should not be delivered until the previous one has all been fired. The time 
required to consume each portion should be noted, the time being recorded 
at the instant of firing the last of each portion. It is desirable that at the 
same time the amount of water fed into the boiler should be accurately 


ee In addition to these records of the coal and the feed-water, half- 

ourly observations should be made of the temperature of the feed-water, 
of the fiue-gases, of the external air in the boiler-room, of the temperature 
of the furnace when a furnace-pyrometer is used, also of the pressure of 
steam, and of the readings of the instruments for determining the moisture 
in the steam. A tog should be kept on properly prepared blanks con taining 
columus for record of the various observations. 

XIV. Quality of Steam.—The percentage of moisture in the steam should 
be determined by the use of either a throttling or a Separating steam-calo- 
rimeter. The an plie noznle should be placed in the vertical steain-pipe 
rising from the boiler, It should be made of 3-inch pipe, and should extend 
across the diameter of the steam-pipe to within half an inch of the opposite 
side, being closed at the end and perforated with not less than twen ty 34-inch 
holes equally distributed along and around its cylindrical surface, but none 
of these holes should be nearer than 2 inch to the inner side of the steam- 
pipe. The calorimeter and the Pipe leading to it should be well covered 
with felting. Whenever the indications of the throttling or separating 
calorimeter show that the percentage of moisture is irregular, or occasion- 
ally in excess of three per cent., the results should be checked by ai steam- 
Separator placed in the steam-pipe as close to the boiler as convenient, with’ 
a calorimeter in the steam-pipe just beyond the outlet from the separator. 
The drip from the separator should be caught and weighed, and the per- 
centage of moisture computed therefrom added to that shown by the calo- 
rimeter. 

Superheating should be determined by means of a thermometer placed in 
a mercury-well inserted in the steam-pipe. The degree of superheating 
should be taken as the difference between the reading of the thermometer 
for superheated steam and the readings of the same thermometer for satu- 
rated steam at the same pressure as determined [by a special experiment, 
and not by reference to steam-tables. i ; : 

XV. Sampling the Coal and Determining its Moisture.—As each barrow- 
load or fresh portion of coal is taken from the coal-pile, a represen- 
tative shovelful is selected from it and placed in a barrel or box in a cool 

lace and kept until the end of the trial. The samples are then mixed and 
broken into pieces not exceeding one inch in diameter, and reduced by the 
process of repeated quartering and crushing until a final sample weighing 
about five pounds is obtained, and the size of the larger Pieces is such that 
they will pass through a sieve with j-inch meshes, From this sample two 
one-quart, air-tight glass preserving-jars, or other air-tight vessels which 
will prevent the escape of moisture from the sample, are to be promptly 
filled, and these samples are to be kept for subsequent determinations of 


“moisture and of heating value and for chemical analyses. During the pro- ' 


cess of quartering, when the sample has been reduced to about 100 pounds, 


4 quarter to a half of it may be taken for an approximate determination of . 


moisture. This may be made by placing it in a shallow iron pan, not.over 
three inches deep, carefully weighing it, and setting the pan in the hottest 

lace that can be found on the brickwork of the- boiler-setting or flues, 

eeping it there for at least 12 hours, and then weighing it. The determina- 
tion of moisture thus made is believed to be approximately accurate for 
anthracite and semi-bituminous coals, and also for Pittsburg or Youghio- 
gheny coal; but it cannot be relied upon for coals mined west of Pittsburg, 
or for other coals containing inherent moisture. For these latter coals it is 
important that a more accurate method be adopted. The method recom- 


mended by the Committee for all accurate tests, whatever the character of C 


the coal, is described as follows: _ E y : : 

Take one of the samples contained in the glass jars, and subject it toa 
thorough air-drying, by spreading it in a thin layer and exposing it for 
several hours to the atmosphere of a warm room, weighing it before and 
after, thereby determining the quantity of surface moisture it contains, 
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Then crush the whole of it by running it through an ordinary coffee-mill 
adjusted so as to produce somewhat coarse grains (less than yy inch), thor- 
oughly mix the crushed sample, select from it a portion of from 10 to 50 
grams, weigh it ina balance which will easily show a variation as small as 
1 part in 1000, and dry it in an air- or sand-bath at a temperature between © 
240 and 280 degrees Fahr, for one hour. Weigh it and record the loss, then 
heat and weigh it again repeatedly, at intervals of an hour or less, until the 
minimum weight has been reached and the weight begins to increase by 
oxidation of a portion of the coal. The difference between the original and 
the minimum weight is taken as the moisture in the air-dried coal. This 
moisture test should preferably be made on duplicate samples, and the 
results should agree within 0.3 to 0.4 of one per cent., the mean of the two 
determinations being taken as the correct result. The sum of the percent- 
age of moisture thus found and the percentage of surface moisture previ- 
ously determined is the total moisture. 

XVI. Treatment of Ashes and Refuse.—The ashes and refuse are to be 
weighed in a dry state. If it is found desirable to show the principal char- 
acteristics of the ash, a sample should be subjected to a proximate analysis 
and the actual amount of incombustible material determined. For elabo- 
rate trials a complete analysis of the ash and refuse should be made. 

XVII. Calorific Tests and Analysis of Coal.—The quality of the fuel 
should be determined either by heat test or by analysis, or by both. 

The rational method of determining the total heat of combustion is to 
burn the sample of coal in an atmosphere of oxygen gas, the coal to be 
sampled as directed in Article XV of this code. 

The chemical analysis of the coal should be made only by an expert 
chemist. The total heat of combustion computed from the results of the 
ultimate analysis may be obtained by the use of Dulong's formula (with 
constauts modified by recent determinations), viz., 


14,600 C + 62,000(11 - +) + 4000 S, 


in which C, H, O, and S refer to the proportions of carbon, hydrogen, oxy- 
gen, and sulphur respectively, as determined_by the ultimate analysis.* 

It is desirable that a proximate analysis should be made, thereby deter- 
mining the relative proportions of volatile matter and fixed carbon. These 
proportions furnish an indication of the leading characteristics of the fuel, 
and serve to fix the class to which it belongs. 

XVIIL. Analysis of Flue-gases—The analysis of the flue-gases is an 
especially valuable method of determining the relative value of different 
methods of firing or of different kinds of furnaces. In making these 
analyses great care should be taken to procure average samples, since the 
composition is apt <o vary at different points of the flue. The composition 
is also apt to vary from minute to minute, and for this reason the drawings 
of gas should last a considerable period of time. Where complete deter- 
Mminations are desired, the analyses should be intrusted to an expert 
chemist. For approximate determinations the Orsat or the Hempel appa- 
ratus may be used by the engineer. 

For the continuous indication of the amount of carbonic acid present in 
the flue-gases an instrument may be employed which shows the weight of 
CQ, in the sample of gas passing through it. 4 

XIX. Smoke Observations.—It is desirable to have a uniform system of 
determining and recording the quantity of smoke produced where bitumin- 
ous coalis used. The system cominonly. employed is to express the degres. 
of smokiness by means of percentages dependent upon the judgment of the 
observer. The actual measurement of a sample of soot and smoke by some 
form of meter is to be preferred. 

XX. Miscellaneous.—In tests for purposes of scientific research, in which 
the determination of all the variables entering into the test is desired, 
certain observations should be made which are in general unnecessary for 
ordinary tests. As these determinations are rarely undertaken, it is not 
deemed advisable to give directions for making them. ; 

XXI. Calculations of Efficiency.—_Two methods of defining and calculat- 
ing the efficiency of a boiler are recommended. They are: 


ae ig open ere 14,544 eyes eund carbon; Berthelot, 
,647 B.T.U. Favreand Silbermann give 2 B.T.U. per poun ‘drogen; 
Thomsen, 61,816 B.T.U. eee ibaa cs 
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as : _ Heat absorbed per Ib. combustible 
_ 1, Efficiency of the boiler = Calorific value of 1 1b. combustible * 
Heat absorbed per Ib. coal 


of the boiler and furnace together with the grate (or mechan- 
r to compare different furnaces, grates, fue is, Or methods of 


The heat absorbed per pound of combustible (or per pound coal) is to be 
alculated by multiplying the equivalent evaporation from and at 212 degrees 
‘per pound combustible (or coal) by 965.7. 
? The Heat Balance.—An approximate “ heat balance,” may be in. 
cluded in the report of a test when analyses of the fuel and of the ¢ imney- 
ases have been made. It should be reported in the following form: 


Heat Bauancr, or Distrweurion or rom Hearine VALUE oF THE Oom- 
BUSTIBLE, 


Total Heat Value of 1 1b. of Combustible............ BDU; 


Heat absorbed by the boiler = evaporation from and at 
212 degrees per pound of combustible x 965.7 ........ 
2. Loss due to moisture in coal = per cent of moisture re- 


Meee eee reer saes cater sa tte eeeeessveeneas teens tee 


y yee 
‘+ Loss due to incomplete combustion of carbon 
co per cent. C in combustible 
#x 10,150... 
60, -- GO 100 othe 
oss due to unconsumed hydrogen and hydrocarbons, 
to heating the moisture in the air, to radiation, and 
unaccounted for. (Some of these losses may be sep- 
arately itemized if data are obtained from which 
they may be calculated). iiscscccscsecescesceccecene an 


LOLAIG cc dete cee Saint ele bis ee dure ae eA eee 
_* The Hreignt of gas per pound of carbon burned may be calculated from 


© gas analyses as follows: 
‘ 7(CO 
) Dry gas per pound carbon = 21002 +80 + (CO +N) 


» in which CO,, CO, 


,CO, and CO are respectively the percentage by volume of carbonic acid 
carbonic oxide in the flue-gases. The quantity 10,150 = number of heat- 
nits pengrated by burning to carbonic acid one pound of carbon contained 
onic oxide, : 
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XXIII. Report of the Trial.—The data and results should be reported in 
the manner given in either one of the two following tables [only the “ Shore 
Form” of table is given here], omitting lines where the tests have not been 
made as elaborately as provided for in such tables. Additional lines may be 
added for data relating to the specific object of the test. The Short Form of 
Report, Table No. 2, is recommended for commercial tests and as a conven- 
ient form of abridging the longer form for publication when saving of space 
is desirable. For elaborate trials it is reeommended that the full log of the 
trial be shown graphically, by means of a chart. 


TABLE NO. 2. 
DATA AND Resuuts or EvAPORATIVE TEST, 


Arranged in accordance with the Short Form advised by the Boiler Test 
Committee of the American Society of Mechanical Engineers. 


Made Dy..csecessesesereeeees 
determine. oe r 
Kind of fuel......- ipeaedeee fi 
Kind of furnace.......++++-++ Bet eens AMA dels inie = vials © siwseloeemmatorasleinen= ose 
Method of starting and stopping the test (‘‘stand- 
ard” or “alternate,” Arts. X and XI, Code).....- 
Grate surface. .....----+-++--++55+ epee pale oles[o 0's ce sq. ft. 
Water-heating surface......--+++++-++> Selsiies veniee eas y 
Superheating surface.......- sisintaintyie maseisleipl='< 085 Mrce 


TOTAL QUANTITIES. 
1, Date of trial... 


2. Duration of trial.. hours 
3. Weight of coal as fir lbs. 
4, Percentage of moisture i per cent 
5. Total weight of dry coal consumed. . lbs. 
6. Total ash and refuse.....-..+++++-- Be 
7. Percentage of ash and refuse in dr: per cent, 
8. Total weight of water fed to the boiler} . bs, 
9. Water actually evaporated, corrected for 
ure or superheat in steam.......-. conevese us 
9a. Factor of evaporation §.....-.+--+: miele citeta ete 
10. Equivalent water evaporated into dry steam 
rom and at 212 degrees.| (item 9 xX Item 9a.) ae 
HOURLY QUANTITIES, 
11. Dry coal consumed per hour tac es eis. clala-eg bene a 
12. Dry coal per square foot of grate surface per 
HOUr.... 2-2 ees gpl chiceke setae Retetcaere ue ne 
13. Water evaporated per hour corrected for qual- 
ity of steam.........+-+ a A eralwahve wie ciuie sisters eyanein\s Ms 
14. Equivalent evaporation per hour from and at 
212 degrees ||.... +00. --+- +208 LANE SAR Rei ticnse es 


15. Equivalent evaporation per hour from and at 212 
Pie per square foot of water-heating sur- 
face ||....-----) s+ a iie Sinjant vias nent mentee eee 


* Including equivalent of wood used in lighting the fire, not including une 
burnt coal withdrawn from furnace at times of cleaning and at end of test. 
One pound of wood is taken to be equal to 0.4 pound of coal, or, in case 
greater accuracy is desired, as having a heat value equivalent to the evap- 
oration of 6 pounds of water from and at 212 degrees per pound. 
( X 965.7 = 5794 B. 7T.U.) The term “as fired’ means in its actual con- 
dition, including moisture. 

+ This is the total moisture in the coal as found by drying it artificially, as 
described in Art. XV of Code. 

+ Corrected for inequality of water-level and of steam-pressure at be- 
ginning and end of test. 4 


Factor of evaporation = ——,in which H and h are respectively the 
965.7 


total heat in steam of the average observed pressure, and in water of the 
average observed temperature of the feed. 
|The symbol *U. E.,” meaning ‘‘units of evaporation,” may be con: 
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AVERAGE PRESSURES, TEMPERATURES, ETC. 
_ 16. Steam pressure by gauge... ........ __. -| Ibs. per sq. in. 
17. Temperature of feed-water entering boi deg. 
18. Temperature of escaping gases from boile ; ee 
19. Force of draft between damper and boiler......| ins, of water 
. Percentage of moisture in steam, or number of 


degrees of superheating..................... --|per cent.or deg, 
HORSE-POWER, 
21. Horse-power developed. (Item 14 + 8414.)4..... HP, 
_ 22. Builders’ rated horse-power............. ecencces ie 
| 23. eeigentage of builders’ rated horse-power de- 
j veloped... .......2.5 semttlare wegiding » Sie ata eons per cent, 


ECONOMIC RESULTS, 


_ 24, Water apparently evaporated under actual con- 
ditions per pound of coal as fired. (Item 
: BEING Der ascay seh eecoc sass ase sods ceeds Ibs. 
z, 25. Equivalent evaporation from and at 212 degrees 
4 9 per pound of coal as fired. (tem 10+Item 3.) = 
_ 26. Equivalent evaporation from and at 212 degrees 
- per pound of dry coal.| (Item 10 + Item 5.).. a 
_ 2%. Equivalent evaporation from and at 212 degrees 
= per cand of combustible. [Item 10 + (Item 
Se LUGHIO) heels oe .2ivon wc boss hs. aa staieeiele 
(if Items 25, 26, and 27 are not corrected for 
quality of steam, the fact should be stated.) 


: EFFICIENCY. 
_ 88. Calorific value of the dry coal per pound........ B. T. U. 
' 29. Oalorific value of the combustible per pound.... : 
30. Efficieney of boiler (based on combustible)**,. . per cent, 
81. Efficiency of boiler, including grate (based ‘on e 
GES COB) een case. doieidisinivralcietsn’aam etoine Boden 


ration are those given 
teameengine Indicator, 


{ he formula is Factor = a in which H is the total heat of steam at the 


observed pressure, and i the total heat of feed-water of the observed 
emperature, 
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ge eee re | WES See 
Lbs. 

G es....0 +} 10+] 20 30+) 40+) 45+] 504+] 524 BA + | 6 + 

Senge premeere ab| an + | 36 | 48 | 6 | 6 | oS | G7) oo 5 

se ig UES a 21S 


Se! 


pak mel Factors oF EVAPORATION. 
Temperatore | _____e 
212° F. | 1.0003,1.0088|1.0149}1.0197)1 0237/1 .0254| 1.02711 .0277/1 .0283)1. 0290 
209 35) 1.0120 80/1.0228' 68 86/1 .0302/1.0309)1 .0315)1. 0821 , 
206 66 51/1.0212 40; 
208 98 83 43 ct 
200 1.0129)1.0214 75 97)1.0403 
197 60) ate 0306 1.0428 84 
194 92 38 60 66 
191 1.0223/1. 0308 69/1. 1 97/1. 
188 55 40)1.0400 1,.0522/1 0528 
185 86 vat 82 4 
182 1.0317) 1.0403) 63 
179 49 34 95 1.0616 1, 0623) 
176 80) 48 54 
173 1.0411 97 79 85) 
170 43/1 .0528) 1.0710)1.0717 
167 74 42 
164 1.0505) 91 73 
161 37/ 1.0622} 88/1 .0804/1.0811 
158 68 e 
155 99) 84 7 13 
152 1.0631}1.0716 8)1 .0905 
149 62 1.0930 86 
146 93) 61 67, 
148 1.0724) 1.0810) 92 98 
140 56 1.1023/1.1030 
137 87 2 55 61 
134 1.0818]1.0903) 86 92 
131 49 1.1117/1.1123 
128 8 8 55 
125 1.0912 97 79 86 
122 43/1. 1028 94}1,1211)1.1217 
119 74 42 48) 
116 1.1005 6 73 vt 
113 36/1.1122 88/1.1304 1.1810 
110 68) 385 
107 99) 66 7 
104 1,1130)1.1215 98)1.1404 
101 61 1.1429) : 
98 92 v7 60 
95 1.1223/1.1309) 91 9 1.1004 1 ile 
92 55 1, 1522)1.1529) 
89 86) 7 3 
86 1.1317|1.1402 4 
83 48 99}1.1616/1.1622/1.1628 
80 79 4 
WW 1.1410 95) vi 4 
74 41/1.1526) 709)1.1715}1.1722/1.1728 
71 40 
68 1.1504 771 
65 35/1 .1621 86 1,1802}1.1809}1.1815)1. 1821 
62 66) 383 a 
59 97 64 
56 1.1628) 1.1713) 96/1. 190211. sa a 1914 
53 59 ‘ 7 33 45 
50 90 %5) 4 41 58) 64 70 16 
47 1.1721/1.1806 89 95}1.2001/1.2007 
44 52 1.2026 32 39 
41 83) 51 57 64 70 
88 1.1814/1 1900 82 88 95/1.210% 
85 45 /1.2119/1.2126 32 
44| 51 57 63 
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| Secs Bemre.z./37| @* | 7187] 8? 27] BF 
oS i Factors oF Evaroration, 


Se 
2 


ea fscu® enka 


eee 


b>) 93 98 1.090411. 
1.0914 1.09191.0935| 10980 


82} 87] = 92} O71. 1002 
71. sot. 1081 ar? bi HOIST 10a. ne ze 


Et 96 
96/1.1102/1.1107/1.111911. 1171. 1122/1. uz 
3 38 s, 


: : Bol 
\ a 23) 10st. ta : 
1. 1210.1. 1215 1. 1221]1,1226] 32) "37, 7 


& 88) 93, 
97/1. er bee 1, oe oes 1424/1. 1429) © 


1.1428) 34) & 70 
59° «65 Ze 81 Be 22) 97/1.1502 

85 90) 96/1. 502k. 1507/1.1512}1.1518]1.1523/1, 1528 33 
1.1521 1.1527 38 49 54 64 

fp 80 8. = 95 

1.161]/1.1616 1. 1621/1. 1696 

37 Es £7 Ee 57 


324 eeees ease 


HeBees seaee ag 


é 
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=) jures: 
Aeon go-+°| 82+ | st+ | 6+ 90+ a 96+ | 98 + 
a 
Pressures, 93| 95 97 99 103 107 i 113 
ites FAcTORS Of EVAPORATION. 

Temp, te 
212 |1.0349|1.0353/1.0358)1 . ae {.0367|1.0372)1.0376|1 .0381)1 .0385)1.0389|1 .0393 
209 80 85) 90 99|1.0403 311 .0408|1 .0412|1.0416| 1.042111 .0425 
206 |1.0411|1.0416)1.0421 1.0496 ie 39 es 52 56 
208 tS) 52 62 vel 79 83) 88 
200 %4 79) 84 89 93 98 1.0502 1.0508 1.0511}1.0515/1.0519 
197 |1.0506]1.0511)1.0515}1.0520/1.0525)1.0529 83 38 46 50 
194 87 51 69 78 82 
191 69 83 0601|1.0605}1 .0609/1.0613 
488 |1.0600]1.0605|1.0610]1.0614]1.0619]1.0623/ 1.0628 82 40 
185 31 46) 72 76 
182 63 1.0703)1.0707 
179 94 99)1.0704|1.0708}1. ons nga 1 Ge 1 a 1 pf 85 39 
176 |1.0725)1. 35 66) 70 
173 57 62 66 vel 97/1.0801 
170 88 93 68 gxeals camel de 1|108g6|1.08o0|.C8ea 33 
167 |1,0819]1.0824' 1.0829 34 38) 43) 47 51 60) 64 
164 51 - oo 65 74 83 
161 1.0801|1.0905]1 .0910/1.0914) 1.0918] 1.0923) 1.0927 
158 |1.0913)1 ots 1.008 1 us| 41 45) 58 
155 45 63 68 2) G7 85) 89 
152 76) = 95 99/1.1004/1. mye 1.1012)1. ye DES ter 
149 |1.1007)1. roi. 1017}1. ec 5 ae Le Be 35 
146 38) 66 70 Fs 
148 10 %9 P| aS 97(1.1102)1.1106}1.1110 Lite 
140 |1.1101 1.1106 1.1110}1.1115}1.1120 11198 1.1129 33 3 41 46 
187 32 37 a 46 51 55 60 64) 

134 63 68 78 87 91 95/1.1200]1 .1204)1.1208 
131 95) 99/1. 1201 1 oll 1 ar t. oh 1.1222}1.1227 39 
128 }1.1226/1.1231 35 58 vel 
125 62 67 | 7 8 85, 89 98]1.1302 
122 93) 98/1.1302]1.1307}1.1811)1.1316)1. 1320 1.1329) 33 
419 |1.1820)1.1324/1.1329 34 38 43 47 51 60 
116 55) 65 69 74 %8 83 87 91 95 
113 82 87 91 96]1.1401|1.1405]1.1409]1.1414/1.1418]1.1422|1.1426 
110 |1.1413)1.1418}1.1422/1.1427' 32 36 41 45 49 53) 58 
107 44 49 54 58 63 67 72 %6 80 85 89 
104 %5 80 85 89 94 99)1.1503)1.1507|1.1512}1.1516/1.1520 
401 |1.1506|1.1511]1.1516]1.1521]1.1525/1. 1530 34 38 43 47 51 
98 38) 42 47 52 56 61 65 70 74 78 82 
95 69 74 8 83; 87 92) 96/1.1601|1.1605|1.1609/1.1613 
92 |1.1600]1.1605|1.1609)1 .1614|1.1619]1.1623)1.1628 82 36 40 45 
89 81 36 41 45 50 54 59 63 67 72) 76 
86 62 67 12 6 81 85 90 94 98)1.1'703}1.1707 
83 93 98]1.1703)1.1707|1.1712|1.1717|1.1721}1.1725|1.1730 34 38 
80 {1.1724/1.1729 34 39) 43 48 52 56) 61 65 69 
V7 56 60 65 70 4 19 83 88 92) 96/1.1800 
74 87) 91 96|1.1801|1.1805|1.1810]1.1814]1.1819)1.1823]1.1827 31 
71 |1.1818)1.1823)1. 1827 32 36 41 45 50 54 58 62 
68 49 54 58 63) 68 72 WW 81 85. 89 94 
65 80 85 89 94 99/1. 1903/1.1908]1.1912}1.1916]1 .1920)1.1925 
62 |1.1911/1.1916}1.1921]1.1925/1.1930 34 39 43 ay 52 56 
59 42 av 52 56 61 65 70 74 78 83 87 
56 43 78 83 87 92 96|1.2001|1.2005}1.2010|1.2014/1.2018 
58 }1.2004/1-2009)1.2014]1.2018]1.2023) 1.2028 32 86 41 45 49 
50 35) 40 45 50 54 59 63 67 72 76 80 
4% 66 vel 16 81 85 90) 94 98}1. pet 1.2107|1. bee 
44 98/1,2102)1.2107)1.2112/1.2116 Sd 1.2125}1 .2130' 38 
41 {1.2129 33 38 43 47 e 61 és 69 Fed 
38 60) 64 69 74 8 Pe 92 96/1.2200}]1.2204 
85 91 96|1.2200]1.2205)1.2209/1.2214)1. 228 1,2223]1.2227 31 35 


1.2227) 31 36 41 45 64 58 62) 67 
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130 + 
145, 


135 + | 140 + | 145 +} 150 } 
150 


Factors or EVAPORATION. 


‘Gauge: pressares 
opaue Best 105 + | 110. ope +} 120 + } 125 + 
Tbs. 115, | 120 125 135 140 
_ Feed-water 
Temp, | 
_,  212°/1.0397/1.0407/1.0417)1.0427 1.0436)1,0445 
— 209 |1.0429 89 49 8 67 76 
60 70) 80 8 99}1.0508 
92/1.0502)1.0511/1.0521/1.0530 39 
1.0528 33 43 52 62 70 
84 93/1.0602/1. 
33 


65 
7 96 
1.0727; 


Le Ne 1.0462) 1.0470|1.0478/1.0486 
93/1.0501)1.0509/1.0517 

1, ooielt. 0525; 33 41 48 
48 56 64 72 80 

"9 87, 96/1 .0604/1.0611 
1,0627 35 43 

2 a 66 74 

3 ee 93/1 .0706 
1,.0705}1.0718}1. ove 1.0729 37 
36 44 53 61 68 

6 84 92/1.0800 

1.0807 he ierge 31 

oe 62 

94 

93/1. 0901 qe o900lt. oot? 1.0925 


s 41 an 


56 

8 72 88 

69} 78] = 87 Sait. 1003/1 seit}. 1019 

62) 72} ~~ 821 ~——- 91/1. 1000/1. 10091. 1018]1. 1026 50 
93/1.1003]1.1013/1.1023} 32) 41| 49] 58 66 4 82 
1.1025 85 a 54] 63], 72} Stl = gol, 1105}1. ai 

85| 9. 1.1112}1, rail 1128 
87 ort. 110th. 1116)1.1126 4a o és 8 
1.1118/1.1129] 38) 48] sy 33 99/1.1 

a 60} 70; 79} 88 ort 1061 set4|t 1222111989 38 
91/1.1201]1.1210/1.1219]1.1228 7) 45 ee 61] 69 

Re erat, 1222)° 82) 41] 5 59} 6st 93/1.1300 
a 53 . 73) 8 91{ —_99/1.1808/1. ish. 1324) 32 

85 411.1041 .1313]1.1322]1.1831] 39 55] 63 

1. 1306 1.1316]1. 1396 85 53} 62] «70, 78 86] 94 
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‘STRENGTH OF STEAM-BOILERS. VARIOUS RULES 
FOR CONSTRUCTION. 


boiler-makers. In Europe the ‘construction is generally regulated by strin- 
gee inspection laws. The rales of the U. 8. Supervising Inspectors of 


(Abbreviations.—T. S., for tensile strength; El., elongation; Contr., con- 
traction of area.) 

Hydraulic Tests.—Board of Trade, Lloyd’s, and Bureaw Veritas.— 
Twice the working pressure. 

United States Statutes.—One and a half times the working pressure. 

Mr. Foley proposes that the proof pressure should be 114 times the work- 
ing pressure -+ one atmosphere. 

Established Nominal Factors of Safety.—Boord of Trade.— 
45 pei be boiler of moderate length and of the best construction and works 
man: . : i 

Lilo ds.—Not very apparent, but appears to lie between 4 and 5. 

United States Statutes.—Indefinite, because the strength of the joint is 
not pr Saige except by the broad distinction between single and double 
riveting. 

Bureau Veritas: 4.4. 

German Lloyd’s: 5 to 4.65, according to the thickness of the plates. 

Material tor Riveting.—Board of Trade.—Tensile strength of 
rivet bars between 26 and 380 tons, el. in 10’ not less than 25%, and contr, of 
area not less than 50%. c 

Lloyd’s.—T. S., 26 to 30 tons; el. not less than 20% in 8”. The material. 
must stand bending to a curve, the inner radius of which is not greater thai 
11% times the thickness of the plate, after having been uniformly heated to 
a low cherry-red, and quenched in water at 82° FY, 

United States Statutes,—No special provision. 

Rules Connected with iveting.—Board of Trade.—The shear- 
ing resistance of the rivet steel to be taken at 23 tons per square inch, 5 to 
be used for the factor of safety. independently of any addition to this factor 
for the plating. Rivets in double shear to have only 1.75 times the single 
section taken in the calculation instead of 2. The diameter must not be less 
than the thickness of the plate and the pitch never greater than 84”. The 

_ thickness of double butt-straps (each) not to be less than 96 the thickness of 
the plate; single butt-straps not less than 9/8. 
Distance from centre of rivet to edge of hole = diameter of rivet x 14. 
Distance between rows of rivets 


| = 2X diam. of rivet or = [(diam, x 4) + 1] +2, if chain, and 
~ Mitch Xi) + Gi Gian. xD] X wien $ diam. X4 X (pitch + diam. X 4) 9 Jionag, 


Diagonal pitch = (pitch x 6 ++ diam. X 4) + 10. 
Lloyd’s.—Rivets in double shear to have only 1.75 times the single section 
taken in the calculation instead of 2, The shearing strength of rivet steel to 
be taken at 85% of the T. S. of the material of shell plates. In any case 
where the strength of the longitudinal joint is satisfactorily shown by ex- 

riment to be greater than given by the formula, the actual strength may 

taken in the calculation. 

United States Statutes.—No rules. 

Material for Cyindrical Shells Subject to Internal Pres- 
sure.—Board of Trade.—T. S. between 27 and 32 tons, In the normal cons 
dition, el. not less than 18% in 10’, but should be about 25%; if annealed, not 
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less than 202. Strips 2” wide should stand bending until the sides are 
-paraliel at a distance from each other of not more than three times the 
plate’s thickness. 

Lloyd’s.—T. 8. between the limits of 26 and 80 tons per square inch, EI, 
not less than 20% in 8’, Test strips heated to a low cherry-red and plunged 
into water at 82° F. must stand bending to a curve, the inner radius of 
which is not greater than 1 44 times the plate’s thickness, 

U. S. Statutes,—Plates of 46” thick and under shall show a contr, of not 
less than 50%; when over 44/’ and up to 34’, not less than 45% ; when over 
$4’, not less than 40%. ‘ 

Mr. Foley’s comments : The Board of Trade rules seem to indicate a steel 
of too high T. S. when a lower and more ductile one can be got : the lower, 
tensile limit should be reduced, and the bending test might with advantage 
be made after tempering, and made to a smaller radius. Lloyd’s rule for 
RE RAES seems more satisfactory, but the temper test is not severe. The 
z vited States Statutes are not sufficiently stringent to insure an entirely 

. satisfactory material, 
__ Mr. Foley suggests a material which would meet the following: 25 tons 
lower limit in tension ; 25% in 8” minimum elongation ; radius for bending 
test after tempering = the plate’s thickness, 


Shell-plate Formulsx.— Board of Trade: P= PX BER 


D = diameter of boiler in inches ; 

P = working-pressure in lbs. per square inch 3 

t = thickness in inches ; 

B = percentage of strength of joint compared to solid plate ; 

T = tensile strength allowed for the material in lbs, fer square inch ; 

#=a factor of safety, being 4.5, with certain additions depending on 
method of construction. 


Lloyd's; P= ox E XB 


t = thickness of plate in sixteenths ; Band Das before; C = a constant 
depending on the kind of joint. 
' When longitudinal seams have double butt-straps, C = 20, When longi- 
tudinal seams have double butt-straps of unequal width, only covering on 
one side the reduced section of plate at the outer line of rivets, 0 = 19,5, 
When the longitudinal seams are lap-jointed, C = 18.5, 
U.S. Statutes.—Using same notation as for Board of Trade, 
txexT 
z simi) x6 
where 7’ is the lowest T, S. stamped on any plate, 
Mr. Foley criticises the rule of the United States Statutes as follows: The 
rule ignores the riveting, except that it distinguishes between single and 
double, giving the latter 20% advantage ; the circumferential riveting or 
class of seam is altogether ignored. The rule takes no account of workman- 
ship or method adopted of constructing the joints. The factor, one ieee 
simply covers the actual nominal factor of safety as well as the loss ; 
strength at the joint, no matter what its percentage ; we may therefore 
dismiss it as unsatisfactory. Ct-+-1)2 


' Rules for Flat Plates.—Board of Trade; P= Bu6¢ 


P= working-pressure in Ibs. per Square inch; 
S = surface supported in square inches; 
t = thickness in sixteenths of an inch; 
C= a constant as per following table: Hoh 
= 125 for plates not exposed to heat or flame, the stays fitted with nuts 
ay and aweiers. thatetter'at least three times the diameter of the stay 
and % the thickness of the plate; ! J 
C= 187.5 foe same condition, bab the washers % the pitch of stays in 
diameter, and thickness not less than plate; : 
C = 200 for the same condition, but doubling plates in place of washers, the 
q width of which is % the pitch and thickness the same as the plate; 
‘C= 112.5 for the same condition, but the stays with nuts only; 3 
O = 75 when exposed to impact of heat or flame and steam in contact with 
the plates, and the stays fitted with nuts and washers three times the 
diameter of the stay and 24 the plate’s thickness; 


for single-riveting ; add 20% for double-riveting ; 
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C = 67.5 for the same condition, but stays fitted with nuts only; 
C = 100 when exposed to heat or fiame, and water in contact with the plates, 
and stays screwed into the plates and fitted with nuts; 
C = 66 for the same condition, but stays with riveted heads. Fone 
x 


U. S. Statutes.—Using same notation as for Board of Trade. P= Pp 
where p = greatest pitch in inches, Pand t as above; art 


C = 112 for plates 7/16” thick and under, fitted with screw stay-bolts 
riveted over, screw stay-bolts and nuts, or plain bolt fitted 
with single nut and socket, or riveted head and socket; 

C = 120 for plates above 7/16’, under the same conditions; n 

C= 140 for flat surfaces where the stays are fitted with nuts inside 

and outside; : 

C = 200 for flat surfaces under the same condition, but with the addi- 

tion of a washer riveted to the plate at least 14 plate’s thick- 
ness, and of a diameter equal ‘to of the pitch of the stay-bolts, 


N.B.—Plates fitted with double angle-irons and riveted to plate, with leaf 
at least i Aas thickness of plate and depth at least 14 of pitch, would be 
allowed the same pressure as determined by formula for plate with washer 
riveted on. 

N.B.—No brace or stay-bolt used in marine boilers to have a greater pitch 
than 1014” on fire-boxes and back connections, 

Certain experiments were carried out by the Board of Trade which showed 
that the resistance to bulging does not vary as the square of the plate’s 
thickness. There seems also good reason to believe that it is not inversely 
as the square of the greatest pitch. Bearing in mind, says Mr. Foley, that 
mathematicians have signally failed to give us true theoretical foundations ' 
for calculating the resistance of bodies subject to the simplest forms of 
stresses, we therefore cannot expect much from their assistance in the 
matter of flat plates. a 

The Board of Trade rules for flat surfaces, being based on actual experi- 
ment, are especially worthy of respect; sound judgment appears also to 
have been used in framing them. 

Furnace Formulz.—Boarp or Trape.—Long Furnaces.— 

CxH . 1 
(4) xD’ but not where Z is shorter than (11.5¢ — 1), at which length 


the rule for short furnaces comes into play. 
P = workinyz-pressure in pounds per square inch; ¢ = thickness in inches; 
- D = outside diameter in inches; L = length of furnace in feet up to 10 ft.; 
C =a constant, as per following table, for drilled holes : 
C = 99,000 cae welded or butt-jointed with single straps, double- 
rive! = , 
C = 88,000 for butts with single straps, single-riveted; 
C = 99,000 for butts with double straps, single-riveted. 


Provided always that the pressure so found does not exceed that given by 
the following formule, which apply also to short furnaces; 


P= 2 : u for all the patent furnaces named; 
ext LX 12 é 3 
le ape = Rex when with Adamson rings. 


C= 8,800 for plain furnaces; i 

C = 14,000 for Fox; minimum thickness 5/16’, greatest 5¢’’; plain part 
not to exceed 6” in length; 

© = 13,500 for Morison: minimum thickness 5/16”, greatest 5¢’’; plain 
part not to exceed 6” in length; 

C = 14,000 for Purves-Brown; limits of thickness 7/16” and 5g’; plair 


cae 9” in length; 
C= 8,800 for Adamson rings; radius of flange next fire 114”. ; 


U.S. Statures.—Long Furnaces.—Same notation, 


89,600 x 7 
P= rT ae but Z not to exceed 8 ft. 


N.B.—If rings of wrought iron are fitted and riveted on properly around 
and to the flue in such a manner that the tensile stress on the rivets shall 


‘ 
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] not exceed 6000 Ibs. per sq. in., the distance between th rings shall 
as the length of the fae ie theformuls. ante pe bagen 

i sega? yr Aparye Plain and Patent.—P, as before, when not 8 ft. 
ee Dt 


¢ = 14,000 for Fox corrugations where D = mean diameter; 

C= 14,000 for Purves-Brown where D = diameter of flue; 

C = 5677 for plain flues over 16” diameter and less than 40’, when 
not over 3 ft. lengths. ee 


Mr, Foley comments on the rules for long furnaces as follows: The Board 
of Trade general formula, where the length is a factor, has a very limited 
range indeed, viz., 10 ft. as the extreme length, and 135 thicknesses — 12”, 


2 
, as the short limit. The original formula, P = = ae is that of Sir W. 
Fairbairn, and was, I believe, never intended by him to apply to short fur- 
Races. On the very face of it, it is apparent, on the other hand, that if it is 
_ true for moderately long furnaces, it cannot be so for very long ones. We 
_ are therefore driven to the conclusion that any formula which includes 
simple L as a factor must be founded on a wrong basis. 
___ With Mr. Traill’s form of the formula, namely, substituting (Z + 1) for LZ, 
_ the results appear sufficiently satisfactory for practical purposes, and in- 
deed, as far as can be judged, tally with the results obtained from experi- 
‘Inent as nearly as could be expected. The experiments to which I refer 
_were six in number, and of great variety of length to diameter; the actual 
_ factors of safety ranged from 4.4 to 6.2, the mean being 4.78, or practically 
5. Itseems tome, therefore, that, within the limits prescribed, the Board of 
Trade formula may be accepted as suitable for our requirements. 

The United States Statutes give Fairbairn’s rule pure and simple, except 
that the extreme limit of length to which it applies is fixed at 8 feet. As 
far as can be seen, no limit for the shortest length is prescribed, but the 
ules to me are by no means clear, flues and furnaces being mixed or not 
ell distinguished. é 
= ae al for Stays.—The qualities of material prescribed are as 

‘ollows: - 

Board of Trade.—The tensile strength to lie between the limits of 27 and 
_ 82 tons per square inch, and to have an elongation of not less than 20¢ in 
710”. Steel stays which have been welded or worked in the fire should not 


be used. 

ey abr tatage to 30 ton steel, with elongation not less than 20% in 8’. 

U. 8. Statutes.—The only condition is that the reduction of area must not 
be less than 40 if the test bar is over 34’ diameter. 

Loads allowed on Stays.—Board of Trade.—9000 Ibs. per pe 

inch is allowed on the net section, provided the tensile strength ranges from 
27 to 32 tons. Steel stays are not to be welded or worked in the fire, 
___4Ioyd’s.—For screwed and other stays, not exceeding 114” diameter effec- 
tive, 8000 lbs. per square inch is allowed; for stays above 134’’, 9000 lbs. No t 
Stays are to be welded, i 
U. S. Statutes.—Braces and stays shall not be subjected toa greater stress 
than 6000 Ibs. per square inch. 
_ {Rankine, S. E., p. 459, says: ‘“‘ The iron of the stays ought not to be ex- 
to a greater working tension than 3000 Ibs. on the square inch, in 
order to provide against their being weakened by corrosion. This amounts 
to making the factor of safety for the working pressure about 20.” It is 
€yident, however, that an allowance in the factor of safety for corrosion may 
_ reasonably be decreased with increase of diameter. 


ad?xt ; 
‘& Girders.—Board of Trade. P= Wo ODE: P= working pres- 


Sure in Ibs. per sq.in.; W = width of flame-box in inches; L = length of 
girder in inches; p = pitch of bolts in inches; D = distance between girders ~ 
m centre to centre in inches; d = depth of girderin inches; t = thick- 
ness of sum of same in inches; C = a constant = 6600 for 1 bolt, 9900 for 2 

oF 8 bolts, and 11,220 for 4 bolts. 
1 Lloyd’s.—The same formula and constants, except that C = 11,000 for 4 or 
_ 5 bolts, 11,550 for 6 or 7, and 11,880 for 8 or more. 

__ U.S. Statutes.—The matter appears to be left to the designers, 


i 
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Tube-Plates.—Board of Trade, P =LP=D XMM py _ east 
horizontal distance between centres of tubes in inches; d = inside diameter 
of ordinary tubes; ¢ = thickness of tube-plate in inches; W = extreme 
width of combustion-box in inches from front tube-plate to back of fire- 
box, or distance between combustion-box tube-plates when the boiler is 
double-ended and the box common to both ends. 

The crushing stress on tube-plates caused by the pressure on the flame- 
box top is to be limited to 10,000 lbs. per square inch. f 

Material for Tubes.—Mr. Foley proposes the following: If iron, the 
quality to be such as to give at least 22 tons per square inch as the minimum 
tensile strength, with an elongation of not less than 15% in 8”. If steel, the 
elongation to be not less than 26% in 8’ for the material before being rolled 
into strips; and after tempering, the test bar to stand completely closing 
together. Provided the steel welds well, there does not seem to be any ob- 
ject in providing tensile limits. 

The ends should be annealed after manufacture, and stay-tube ends should 
be annealed before screwing. 

Holding-power of Boiler-tubes,—Experiments made in Wash- 
ington Navy Yard show that with 214 in. brass tubes in no case was the holding- 
power less, roughly speaking, than 6000 Ibs., while the average was upwards 
of 20,000 lbs. It was further shown that with these tubes nuts were super- 
fluous, quite as good results being obtained with tubes simply expanded into 
the tube-plate and fitted with a ferrule. When nuts were fitted it was shown 
that they drew off without injuring the threads, 

In Messrs. Yarrow’s experiments on iron and steel tubes of 2’ to 244” 
diameter the first 5 tubes gave way onan average of 23,740 lbs., which woald 
appear to be about 3% the ultimate strength of the tubes themselves, In all 
these cases the hole through the tube-plate was parallel with a sharp edge 
to it, and a ferrule was driven into the tube. 

Tests of the next 5 tubes were made under the same conditions as the first 
5, with the exception that in this case the ferrule was omitted, the tubes be- 
ing simply expanded into the plates. The mean pull required was 15,270 lbs., 
or considerably less than half the ultimate strength of the tubes. 

Effect of beading the tubes, the holes through the plate being parallel and 
ferrules omitted. The mean of the first 8, which are tubes of the same 
kind, gives 26,876 lbs. as their holding-power, under these conditions, as com- 
pared with 23,740 lbs. for the tubes fitted with ferrules only. This high 
figure is, however, mainly due to an exceptional case where the holding- 
power is greater than the average strength of the tubes themselves. 

It is disadvantageous to cone the hole through the tube-plate unless its 
sharp edge is removed, as the results are much worse than those obtained 
with parallel holes, the mean pull being but 16,031 lbs., the experiments be- 
ing made with tubes expanded and ferruled but not beaded over. 

In experiments on tubes expanded into tapered holes, beaded over and 
fitted with ferrules, the net result is that the holding-power is, for the size 
experimented on, about 34 of the tensile strength of the tube, the mean pull 
being 28,797 Ibs. 

With tubes expanded into tapered holes and simply beaded over, better 
results were obtained than with ferrules; in these cases, however, the sharp 
page of the hole was rounded off, which appears in general to have a good 
effect. ; 

In one particular the experiments are incomplete, as it is impossible to 
reproduce on a machine the racking the tubes get by the expansion of a 
boiler as itis heated up and cooled down again, and it is quite possible, 
therefore, that the fastening giving the best results on the testing-machine 
mey, not prove so efficient in practice. : 

-B.—It should be noted that the experiments were all made under the 
cold condition, so that reference should be made with caution, the cireum- 
stances in practice being very different, especially when there is scale on 
ioe bd ol or when the tube-plates are thick and subject to intense 

eat. 

Iron versus Steel Boiler-tubes. (Foley.)— Mr. Blechynden 
refers iron tubes to those of steel, but how far he would go in attributing 
he leaky-tube defect to the use of steel tubes we are not aware. It appears, 

however, that the results of his experiments would warrant him in going & 
considerable distance in this direction. The test consisted of heating and 
cooling two tubes, one of wrought iron and the other of steel. Both tubes 
were 2% in. in diameter and .16 in. thickness of metal. The tubes were 
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; pat in the same furnace, made red-hot, and then dipped in water. The 
_dength was gauged at a temperature of 46° F, 
This operation was twice repeated, with results as follows: 


Steel. Tron. 

BOTIEIMAIONE ED ee. c ke cess coscecescscieces 55.495 in. 55.495 in, 

Heated to 186° F’.; increase... .......0.c0e ccc «052 ** -048 ** 
Coefficient of expansion per degree F........ -0000067 -0000062 

Heated red-hot and dipped in water; decrease -007 in, 003 in. 

Second heating and cooling, decrease........ -031 in. .004 in. 

Third heating and cooling, decrease.......... -017 in. 006 in. 

POUL CONITACHION 00.5. ecccescsesccccecssac 055 in, -013 in, 


Mr. A. O. Kirk writes : That overheating of tube ends is the cause of the 
leakage of the tubes in boilers is proved by the fact that the ferrules at 
_ present used by the Admiralty prevent it. These act by shielding the tube 
_ ends from the action of the flame, and consequently reducing evaporation, 

_ and so allowing free access of the water to keep them cool. 

Although many causes contribute, there seems no doubt that thick tube: 

plates must bear a share of causing the mischief, 


Rules for Construction of Boilers in Merchant Vessels 
t in the United States. 

(Extracts from General Rules and Regulations of the Board of Supervising 
1 Inspectors of Steam-vessels (as amended 1898),) 


_  ensile Strength of Plate. (Section 3.)—To ascertain the tensile 
_ Strength and other qualities of iron plate there shall be taken from each 
“tho sheet to be used in shell or other 
= : : , parts of boiler which are subject to 
tensile strain a test piece prepared 
in form according to the following 
diagram, viz.: 10 inches in length, 2 
inches in width, cut. out in the 
centre in the manner indicated. 
Ses — To ascertain the tensile strength 
_ and other qualities of steel plate, there shall be taken from each sheet to be 
used in shell or other parts of boiler which are subject to tensile strain a test- 
_ piece prepared in form according to the following diagram: 
The straight part in centre shall 
_ be 9 inches in length and 1 inch in PS 
width, marked with light prick- § 
punch marks at distances 1 inch ¢ 
apart, as shown, spaced so as to 
_ give 8 inches in length. 
_. The sample must show when 
_ tested an elongation of at least 25% in a length of 2 in. for thickness up to 
4 in., inclusive; in a length of 4 in. for over 14 to 7/16, inclusive; in a 
ee of 6 in., for all plates over 7/16 in. and under 134 in. thickness. 
The reduction of area shall be the same as called for by the rules of the 
shite No plate shall contain more than .06% of phosphorus and .04% of 
sulphur, 
_, The samples shall also be capable of being bent to a curve, of which the 
inner radius is not greater than 114 times the thickness of the plates after 
; pene been heated uniformly to a low cherry-red and quenched in water 
0 


[Prior to 1894 the shape of test-piece for steel was the same as that for fron, 
_ viz., the grooved shape. This shape has been condemned by authorities on 
strength of materials for over twenty years, It always gives results which 
are too high, the error sometimes amounting to 25 per cent. See pages 242, 
243, ante; also, Strength of Materials, W. Kent, Van N, Science Series No. 41, 
and Beardslee on Wrought-iron and Chain Cables.] 

Ductility. (Section 6.)—To ascertain the ductility and other lawful 
_ qualities, iron of 45,000 Ibs. tensile strength shall show a contraction of area 
of 15 per cent, and each additional 1000 lbs. tensile strength shall show 4 
per cent additional contraction of area, up to and including 55,000 tensile 
Strength. Iron of 55,000 tensile strength and upwards, showing 25 per cent 
reduction of area, shall be deemed to have the lawful See All steel 
_ plate of 4% inch thickness and under shall show a contraction of area of not 
ss than 60 per cent, Steel plate over 14 inch in thickness, up to 3% inchin © 


%B to 6 inches 
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thickness, shall show a reduction of not less than 45 percent. All steel plate 
over 3% inch thickness shall show a reduction of not less than 40 per cent. 

Bumped Heads of Boilers. (Section 17 as amended 1894.) — 
Pressure Allowed on Bumped Heads.—Multiply the thickness of the plate 
by one sixth of the tensile strength, and divide by six tenths of the radius to 
which head is bumped, which will give the pressure per square inch of 
steam allowed. 

Pressure Allowable for Concaved Heads of Boilers.—Multiply the pressure 
per square inch allowable for bumped heads attached to boilers or drums 
convexly, by the constant .6, and the product will give the pressure per 
sguare inch allowable in concaved heads. 

The pressure on unstayed flat-neads on steam-drums or shells 
of boilers, when flanged and made of wrought iron or steel or of cast steel, 
shall be determined by the following rule: i 

The thickness of plate in inches multiplied by one sixth of its tensile 
strength in pounds, which product divided by the area of the head in square 
inches multiplied by 0.9 will give pressure per square inch allowed. The 
material used in the construction of flat-heads when tensile strength has 
ya Hare officially determined shall be deemed to have a tensile strength of 
45, S. 


Table of Pressures allowable on Steam-boilers made of 
Riveted Iron or Steel Plates, 


(Abstract from a table published in Rules and Regulations of the U.S. 
Board of Supervising Inspectors of Steam-vessels.) 


Plates 14 inch thick. For other thicknesses, multiply by the ratio of the 
thickness to 14 inch. 


50,000 Tensile | 55,000 Tensile | 60,000 Tensile | 65,000 Tensile |70,000 Tensile — 


Ss - Strength. Strength. Strength. Strength. Strength. 
LS = teense erp TER ° : =: 3 = 2 5 . 
Betee|t ce 3 tx cs) 2 3 2 3 = a 
TW lia aks ha fle og a ke a= 
et BS dln ol oe Mesa Ged Oak Leelee 
stag wrap get ey Pe Waa War-era Cie ec i tf ee 
36 |115.74| 188.88 |127.31] 152.77 |188.88) 166.65 |150.46} 180.55 |162.03) 194.43 


The figures under the columns headed “ pressure ”’ are for single-riveted 
boners: Those under the columns headed ‘‘ 20% Additional” are for double- 
riveted, 


U. S. Rune For ALLOWABLE PRESSURES. 


The pressure of any dimension of boilers not found in the table annexed 
to these rules must be ascertained by the following rule; 

Multiply one sixth of the lowest tensile strength found stamped on any | 
plate in the cylindrical shell by the thickness (expressed in inches or parts, 
of an inch) of the thinnest plate in the same cylindricaj shell, and divide by 
the radius or half diameter (also expressed in inches), the quotient will be 
the pressure allowable per square inch of surface for single-riveting, to 
which add twenty per centum for double-riveting when all the rivet-holes 
in the shell of such boiler have been ‘‘ fairly drilled’ and no part of such 
hole has been punched, f 

The author desires to express his condemnation of the above rule, and of 
the tables derived from it, as giving too low a factor of safety. (See also 
criticism by Mr. Foley, page 701, ante.) 
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; q “If &) = bursting-pressure, ¢ = thickness, 7'= tensile strength, ¢ = = 
acient of strength of riveted joint, that is, ratio of strength of the Fare 


_ that of the solid plate, d = diameter, Pp = atte or if c be taken for double- 


ad 
riveting at 0.7, then Pb = ies 
By the U.S. rule the allowable pressure Pa = ae x 1:20:= oar. whence 


Pb = 3.5Pa; that is, the factor of safety is only 3.5, provided the ‘ tensi 
strength found stamped in the plate” is the ve taille strength hie 
material. But in the case of iron plates, since the stamped T.S. is obtained 
from a grooved specimen, it may be greatly in excess of the real T.S., which 
would make the factor of safety still lower. According to the table, a boiler 
2. in. die ra in, thick, made eh iron saaped piace ne would be licensed 
carry S. pressure if double-riveted, the real T.S. is only 50, \° 
the calculated bursting-strength would be es 
P= 2tTe _ 2x 50,000 X .25 X .70 

3 are Seer 40 

_ and the factor of safety only 437.5 + 150 = 2.91! 
The author's formula for safe working-pressure of externally-fired boilers 


_ with longitudinal seams double-riveted, is Barges t= 74000" P=gauge- 
_ pressure in Ibs. per sq. in.; ¢ = thickness and d = diam. in inches. 


) 
This is derived from the formula P = eek taking ¢ at 0.7 and f =5 for 


steel of 50,000 Ibs. T.S., or 6 for 60,000 lbs. T.S.; the factor of safety being 
_ increased in the ratio of the T.S., since with the higher T.S. there is greater 
_ danger of cracking at the rivet-holes from the effect of punching and rivet- 
ing and of expansion and contraction caused by variations of temperature. 
_ For external shells of internally-fired boilers, these shells not being exposed 
_ to the fire, with rivet-holes drilled or reamed after punching, a lower factor 
_ of safety and steel of a higher T.S. may be allowable. 


If the T\S. is 60,000, a working pressure P = _ would give a factor of 


safety of 5.25. 
The following table gives safe working pressures for different diameters 
of shell and thicknesses of plate calculated from the author’s formula. 


Safe Working Pressures in Cylindrical Shells of Boilers, 
Wanks, Pipes, etc., in Pounds per Square Inch, 


Longitudinal seains double-riveted. 
(Calculated from formula P = 14,000 x thickness + diameter.) 


= 487.5 lbs., 


PE: ee ee ee ea 
Thickness 


= 
ae 

25 Diameter in Inches. 

34a 

8] 2 | 80 | 36 | 38 | 40 | 42 | 44 | 46 | 48 | 50 | 52 

1 | 36.5| 29.2] 24.3] 23.0] 21.9] 20.8] 19.9] 19.0] 18.2) 17.5] 16.8 

2 | 72.9] 58.3] 48.6) 46.1] 43.8) 41.7] 39.8) 38.0) 36.5] 35.0) 33.7 
8 | 109.4) 87.5] 72.9] 69.1] 65.6] 62.5) 59.7) 57.1) 54.7] 52.5] 50.5 
4 *+| 145.8} 116.7] 97.2] 92.1] 87.5] 83.3] 79.5) 76.1) 72.9) 70.0) 67.3 
5 _| 182.3] 145.8] 121.5] 115.1] 109.4] 104.2} 99.4) 95.1] 91.1] 87.5] 84.1 
6 | 218.7| 175.0] 145-8) 138.2] 181.3] 125.0] 119.3] 114.1) 109.4) 105.0) 101.0 
-% | 255.2] 204-1] 170.1] 161.2] 153.1] 145.9] 189.2] 133.2] 127.6] 122.5) 117.8 
i 8 | 291.7] 233.3] 194.4] 184-2] 175.0] 166.7] 159.1] 152.2] 145.8] 140.0) 134.6 
9 | 328.1] 262.5] 218.8) 207.2] 196.9] 187.5] 179.0] 171.2) 164.1) 157.5] 151.4 
10 | 864.6] 291.7| 243.1] 230.3] 218.8 208.3) 198.9) 190.2) 182.3) 175.0) 168.8 
14 401.0} 320.8} 267.4} 253.3] 240.6] 229.2] 218.7} 209.2} 200.5) 192.5) 185.1 
"12 | 437.5] 350.0] 291.7} 276.3] 262.5) 250.0] 238.6) 228.3) 218.7) 210.0) 201.9 
13 | 473.9] 879.2) 316.0] 299.3] 284.4] 270.9] 258.5) 247.3] 337.0) 227.5] 218.8 
14 | 410.4] 408.3] 340.3] 822.4] 306.3] 291.7] 278.4] 266.3) 255.2) 245.0) 235.6 
15 | 546.9] 437.5] 364.6] 345.4] 328.1] 312-5] 298.3) 285.3) 273.4) 266.5] 252.4 
16 _| 583.3] 466.7] 388.9! 368.4) 350.0] 333.3) 318.2] 304.4) 291.7] 280.0] 269.2 
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oe ee 

$26 Diameter in Inches. f 

ES ee SU EAC a 95 ee YS SS 

Eas! 54 | 60 | 66 | v2 | 78 | 84 | 90 | 96 | 102 | 108 | 114 
1 | 16.2} 14.6 13.8| 12.2| 11.2] 10.41 9.7| 9.11 8.6 8.41] 7.7] 7.8 
2 | 32:4| 20:2] 26:5] 24.3] 22/4) 20.8) 19.4] 18.2| 17.21 16.2] 15'4| 14'6 
3 | 48.6] 43.7] 39.8] 86.5} 33.7| 31.3) 20.2] 27.3] 25:7] 24:3] 93 01 21/9 
4 | 64.8] 58.3) 53.0| 48.6] 44.9] 41.7| 38.9| 36.5| 34.3] 32.41 30.7] 29°9 
5 | 81.0] 72.9] 66.3} 60.8| 56.1| 52.1] 48.6] 45.6| 42.9] 40.5] 36:4] 36.5 
6 | 97.2] 87.5] 79.5| 72.9| 67.3] 62.5| 58/3 54.7| 51.5] 48°6| 46-1| 43°8 
7 | 113.4] 10271] 92:8] 85.1] 78.5] 72.9] 68-1] 63.8] 60.0] 56.7] 53.71 51.0 
8 | 129.6] 116-7] 106.1] 97.2| 89.7] 83.3] 77.8] 72.9| 68:6] 64.8] 61.4] 38.8 
9 | 145.8] 181.2] 119.3] 109:4| 101.0| 98.8] 87.5| 82.0] 77.2] 72:9] 69:1| 65.6 
10 | 162/0] 145.8] 132.6] 121.5) 112.9/104.2| 97.2] 91.1] 85.8] 81.0] 76.8) 72'9 
11 | 178.2] 160.4] 145.8] 133.7] 193.4|114.6|106.9|100.3] 94.4] 89:1] 84.41 80.9 
12 | 194.4] 175.0] 159.1] 145.8] 184.6|125.0/116.7|109.4|102.9| 97.2] 92.1| 87.5 
13 | 210.7] 189.6] 172.4] 158.0| 145.8/135.4|126.4|118.51111.5\105.3| 99.8] 94.8 
14 | 226.9] 204.9) 185.6| 170.1| 157.1/145.81186.1|127.6|120.11118.4|107 5/100. 1 
15 | 248.1] 218.7] 198.9| 182.3] 168.3|156.3|145.8]136.7|128.7/121.5/115.1/109.4 
16 _| 259.3] 233.3) 212.1] 194-41 179.5|166.71155.6|145.8|137_31129. 61129 /S\116.7 


Rules governing Inspection of Boilers in Philadelphia, 


In estimating the strength of the longitudinal seams in the cylindrical 
shells of boilers the inspector shall apply two formule, A andB: 


{ Pitch of rivets — diameter of holes punched to receive the rivets ap 

= pitch of rivets a7 
percentage of strength of the sheet at the seam. 

Area of hole filled by rivet x No. of rows of rivets in seam X shear- 

B ing strength of rivet ue 

: pitch of rivets x thickness of sheet x tensile strength of sheet 
percentage of strength of the rivets in the seam. 
Take the lowest of the percentages as found by formule A and B and 


apply that percentage as the “strength of the seam” in the following 
formula C, which determines the strength of the longitudinal seams: 


Thickness of sheet in parts of inch < strength of seam as obtained 
rs) by formula A or B X ultimate strength of iron stamped on plates 
oJ 


internal radius of boiler in inches X 5 as a factor of safety 
safe working pressure. 


TABLE OF PROPORTIONS AND SAFE WORKING PRESSURES WITH ForMULa A 
AND C, @ 50,000 uas., T.S. 


Diameter of rivet. ....... 56” 11/16 34 18/16 4 
Diameter of rivet-hole...} 11/16’ 138/16 % 15/16 
Pitehof rivets... 2.220. 2” 2 1/16 216 2 3/16 4 
Strength of seam, %...... 656 -636 62 -60 $ 
Thickness of plate. ....} 14” 5/16 3 T/16 


Diameter of boiler, in, . Safe Working Pressure with Longitudinal Seams, 
Oe eit Single-riveted, 


193 220 242 


® 
& 


SRSRSSSLSES 
8 
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‘Dia ivet....... «| BRP 11/16 Y 13/16 % 
i : .| 11/16” 34 18/16 % Hie 
_ Pitch of rivets....... 3” 3g 314 836 3g 
bi Strength of seam, %. 5 yi aes «74 73 
Thickness of plate. 5/16 36 7/16 BY 


Diameter of boiler, in. ..\Safe Working Pressure with Lon gitudinal Seams, 
Double-riveted. 3 


160 198 235 269 305 
127 158 188 215 243 
119 148 176 202 228 
112 140 166 190 215 
106 132 156 179 203 
101 125 148 70 192 
96 119 141 161 183 
87 108 128 147 166 
"9 99 118 135 152 
70 88 104 120 135 
64 79 94 108 122 


4 Flues and Tubes for Steam-=boilers.—(From Rules of U. §. 
Supervising Inspectors. Steam-pressures per square inch allowable on 
iveted and lap-welded flues made in sections. Extract from table in Rules 
_of U.S. Supervising Inspectors.) 
T = least thickness of material allowable, D = greatest diameter in inches, 
P= allowable pressure. For thickness greater than 7 with same diameter 
is increased in the ratio of the thickness. 


=in. 7 8 9 10 11 12 18 14°15 16 12 38 19 20 21 22 93 
= in, .18 .20 .21 21 .22 .22 .23 .24 .25 .26 .27 28 29 30 31 .32 .38 
~P=lbs. 189 184179174 172 158 152 147 148 139 136 134 131 129 126 125 122 
D = in. 24 25 26 27 28 29 30 81 82 33 84 35 36 87 38 39 40 
T=in, .34 .85 .36 .87 .38 .39 .40 .41 .42 .43 .44 45 46 247 +48 .49 .50 
P=Ibs. 121 120 119 117 116 115 115 114 112 112 110 110 109 109 108 108 107 


For diameters not over 10 inches the greatest length of section allowable 
5 feet; for diameters 10 to 23 inches, 3 feet; for diameters 23 to 40 inches, 30 
ches. If lengths of sections are greater than these lengths, the allowable 
pressure is reduced proportionately. 

The U.S, rule for corrugated flues, as amended in 1894, is as follows: Rule 
II, Section 14. The strength of all corrugated flues, when used’ for furnaces 
_or steam chimneys (corrugation not Jess than 114 inches deep and not exceed- 

ing 8 inches from centres of corrugation), and provided that the plain parts 
at the ends do not exceed 6 inches in length, and the pistes are not less than 
5/16 inch thick, when new, corrugated, and practically true circles, to be 
calculated from the following formula: 


14,000 
: D 
_ 1 = thickness, in inches; D = mean diameter in inches, 


Ribbed Flues.—The same formula is given for ribbed flues, with rib 


Projections not less than 13g inches deep and not more than 9 inches 
apart. 


x T= pressure. 


ed Surfaces in Steam-boilers.—Rule II, Section 6, of 
the U. 8. Supervising Inspectors provides as follows: ? 
No braces or stays hereafter employed in the construction of boilers 
hall be allowed a greater strain than 6000 lbs. per square inch of 
Section. : A 
Clark, in his treatise on the Steam-engine, also in his Pocket-book, gives 
the following formula: p = 407ts + d, in which p is the internal pressure in _ 
‘pounds per square inch that will strain the plates to their elastic limit, ¢ is 
he thickness of the plate in inches, d is the distance between two rows of 
tay-bolts in the clear, and s is the tensile stress in the plate in tons of 
Ibs. per square inch, at the elastic limit. Substituting values of s 
steel, and copper, 12, 14, and 8 tons respectively, we haye the 
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ForMUL2 FoR ULTIMATE ELASTIC STxENGTH oF FLAT STAYED SURFACES. 


Iron. Steel. * Copper. 

P = 50004 = sro! = 33002 
TOSSULC «o-cccrceesseeeneces p= FF p= 3 p= FA 
“ _pxd _pxd %4_ pxd 
Thickness of plate......... t= 5000 i 700 o— "3300" 
vi 3300¢ 

Pitch of bolts.......-++-+++: a 


: Pi 
For Diameter of the Stay-bolts, Clark gives d’ = 024 / —-, 
in which d’ = diameter of screwed bolt at bottom of thread, P = longitudi- 
nal and P’ transverse pitch of stay-bolts between centres, p = internal 
pressure in lbs. per sq. in. that will strain the plate to its elastic limit, s = 
elastic strength of the stay-bolts in lbs. per sq. in. Taking s= 12, 14, and 8 
tons, respectively for iron, steel, and copper, we have 


Foriron, d/ = .00069 / PP},for if P = P’, d’ = .00069P Vp; 
Forsteel, d/= .0006 4/PP’p, “ ‘ d/ = .00064P Vp; 
For copper, d’ = .00084 VPP’p, “ “ d/= .0008%P Vp. 

In using these formule a large factor of safety should be taken to allow 
for reduction of size by corrosion. Thurston’s Manual of Steam-boilers, p. 
144, recommends that the factor be as large as 15 or 20. The Hartford 
Steam Boiler Insp. & Ins. Co, recommends not less than 10. 

Strength of Stays.—A. F. Yarrow (Engr., March 20, 1891) gives the 


following results of experiments to ascertain the strength of water-space 
stays: 


Length . Ulti- 
Description. between D lampter of Biby, ever mate 
Plates. ; Stress. 


| bs, 
Hollow stays screwed into 4.7% in. |1lin.(hole 7/16 in. and 5/16 in.| 25,457 
plates and hole expanded )| 4.64 in. |1in.(hole 9/16 in, and 7/16 in.) 20,992 
Solid stays screwed. into{| 4.80in, % in. H 
plates and riveted over. |{! 4.80 in. ¥ in. 22,070 


The above are taken as a fair average of numerous tests. 


Stay-bolts in Ourved Surfaces, as in Water-legs of Verti- 
eal Boilers.—rThe rules of the U. 8. Supervising Inspectors provide as 
follows: All vertical boiler-furnaces constructed of wrought iron or steel 
plates, and having a diameter of over 42 in, or a height of over 40 in, shall be 
stayed with bolts as provided by §6 of Rule II, for flat surfaces; and the 
thickness of material required for the shells of such furnaces shall be de- 
termined by the distance between the centres of the stay-bolts in the fur- 
nace and not in the shell of the boiler; and the steam-pressure allowable 
shall be determined by the distance from centre of stay-bolts in the furnace 
and the diameter of such stay-bolts at the bottom of the thread. 

The Hartford Steam-boiler Insp. & Ins. Co. approves the above rule (The 
Locomotive, March, 1892) as far as it states that curved surfaces are to be 
computed the same as flat ones, but prefers Clark’s formule for flat 
stayed surfaces to the rules of the U. 8. Supervising Inspectors. 

usible=-plugs.—Fusible-plugs should be put in that portion of the 
heating-surface which first becomes exposed from lack of water, The rules 
of the U. S. Supervising Inspectors specify Banca tin for the purpose. Its 
melting-point is about 445° F. The rule says; All steamers shall have 
inserted in their boilers plugs of Banca tin, at least 14 in. in diameter at the 
smallest end of the internal opening, in the following manner, to wit: 
Cylinder-boilers with flues shall have one plug inserted in one flue of each 
boiler; and also one plug inserted in the shell of each boiler from the inside, 
immediately before the fire line and not less than 4 ft. from the forward 
end of the boiler, All fire-box boilers shall have one plug inserted in the 
crown of the back connection, or in the highest fire-surface of the boiler. 


: akness, 
—Recent practice in the United States makes 
greater than it was formerly. 


ith very vola- 

Rankine (S. E., p. 457) 

own” or roof of the furnace above the grate- 
8 in., and often considerably more. In the 
mn an average about 4 ft, The height of 18 in. 
‘Is suitable where the crown of the furnace is a brick arch. Where the crown 
_ of the furnace, on the other hand, forms part of the heating-surface of the 
oiler, a greater height is desirable in every case in which it can be 
obtained; for the temperature of the boiler-plates, keing much lower than 
that of the flame, tends to check the combustion of the inflammable gases 

_ which rise from the fuel. As a general principle a high furnace is favorable 
__ to complete combustion. 


IMPROVED METHODS OF FEEDING COAL, 


Mechanical Stokers, (William R. Roney, Trans. A. 8. M. ., vol. 

xii.)—Mechanical stokers have been used in England to a limited extent 
“since 1785. In that year one was patented by James Watt. It was a simple 
device to push the coal, after it was coked at the front end of the grate, 

| back towards the bridge. It was worked intermittently by levers, and was 
| designed primarily to prevent smoke from bituminous coal. (See D. K, 
ze Clark’s Treatise on the Steam-engine.) 
After the year 1840 many styles of mechanical stokers were patented in 
England, but nearly all were variations and modifications of the two forms 
_ of stokers patented by John Jukes in 1841, and by E. Henderson in 1843. 
Li The Jukes stoker consisted of longitudinal fire-bars, connected by links, 
_ 80 as to form an endless chain, similar to the familiar treadmill horse-power. 
+Zhe small coal was delivered from a hopper on the front of the boiler, on to 
‘the grate, which slowly moving from front to rear, gradually advanced the 
fuel into the furnace and discharged the ash and clinker at the back. 
. The Henderson stoker consists primarily of two horizontal fans revolving 
on vertical spindles, which scatter the coal over the fire. A E 
‘Numerous faults in mechanical construction and in operation have limited - 
the use of these and other mechanical stokers. The first American stoker 
as the Murphy stoker, brought out in 1878. It consists of two coal maga- 
nes placed in the side walls of the boiler furnace, and extending back from 
the boiler front 6 or 7 feet. In the bottom of these magazines are rectangu- 
lar iron boxes, which are moved from side to side by means of a rack and 
pinion, and serve to push the coal upon the grates, which incline at an angle 
of about 35° from the inner edge of the coal magazines, forming a V-shaped 
receptacle for the burning coal. The grates are composed of narrow parallel 
bars, so arranged that each alternate bar lifts about an inch at the lower 
end, while at the bottom of the V, and filling the space between the ends of 
' the grate-bars, is placed a cast-iron toothed bar, arranged to be turned by a 
‘erank. The purpose of this bar is to grind the clinker coming in contact 
with it. Over this V-shaped receptacle is sprung a fire-brick arch. 
In the Roney mechanical stoker the fuel to be burned is dumped into a 
hopper on the boiler front. Set in the lower part of the hopper isa ‘‘ pusher” 
to which is attached the “ feed-plate”’ forming the bottom of the hopper, 

he “ pusher,” by a vibratory motion, carrying with it the ‘‘ feed-plate,” ~ 
gradually forces the fuel over the “ dead-plate’? and on the grate, The 
grate-bars, in their normal condition form a series of steps, to the top step 
of which coal is fed from the ‘' dead-plate.” Each bar rests in a concave 
_ Seat in the bearer, and is capable of a rocking motion through an adjustable 

le. All the grate-bars are coupled together by a ‘‘rocker-bar.” A vari- 
le back-and-forth motion being given to the “‘ rocker-bar,” through a con- 
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necting-rod, the grate-bars rock in unison, now forming a series.of steps, 
and now approximating to an inclined plane, with the grates partly over- 
lapping, like shingles on a roof. When the grate-bars rock forward the fire 
will tend to work down ina body. But before the coal can move too far 
the bars rock back to the stepped position, checking the downward motion, 
breaking up the cake over the whole surface, and admitting a free volume 
of air through the fire. The rocking motion is slow, being from 7 to 10 
strokes per minute, according to the kind of coal. This alternate starting 
and checking motion is continuous, and finally lands the cinder and ash on 
the dumping-grate below. 

Mr. Roney gives the following record of six tests to determine the com- 
parative economy of the Roney mechanical stoker and hand-firing on return 
tubular boilers, 60 inches x 20 feet, burning Cumberland coal with natural 
draught. Rating of boiler at 12.5 square feet, 105 H. P. 


e ie Three tests, hand-firing. Three tests, Stoker. 
‘vaporation per pound, dry 

een Pee Pomeiba’y | 10.86 10.44 11.00 11.89 12.25 12.54 
H.P. developed above rating, # 5.8 13.5 68 54.6 66.7 843 


Results of comparative tests like the above should be used with caution 
in drawing generalizations. It by no means follows from these results that 
a stoker will always show such comparative excellence, for in this case the 
results of hand-firing are much below what may be obtained under favor- 
able circumstances from hand-firing with good Cumberland coal. ~ 

The Hawley Down-draught Furnace,.—A foot or more above 
the ordiuary grate there is carried a second grate composed of a series of 
water-tubes, opening at both ends into steel drums or headers, through which 
water is circulated. The coal is fed on this upper grate, and as it is par- 
tially consumed falls through it upon the lower grate, where the combustion 
is completed in the ordinary manner. The draught through the coal on the 
upper grate is downward through the coal and the grate, The volatile gases 
are therefore carried down through the bed ot coal, where they are thor- 
oughly heated, and are burned in the space beneath, where they meet the 
excess of hot air drawn through the fire on the lower grate. In tests in 
Chicago, from 30 to 45 lbs. of coal were burned per square foot of grate upon 
this system, with good economical results. (See catalogue of the Hawley 
Down Draught Furnace Co., Chicago.) 

Under-feed Stokers,—Results similar to those that may be obtained 
with downward draught are obtained by feeding the coal at the bottom of 
the bed, pushing upward the coal already on the bed which has had its 
volatile matter distilled from it. The volatile matter tof the freshly fired 
coal then has to pass through a body of ignited coke, where it meets a su 
ply of hot air. (See circular of The American Stoker Co., New York, 1898. 


SMOKE PREVENTION. 


A committee of experts was appointed in St. Louis in 1891 to report on the 
smoke problem. A summary of its report is given in the Iron Age of April 
%, 1892, It describes the different means that have been tried to prevent 
smoke, such as gas-fuel, steam-jets, fire-brick arches and checker-work, 
hollow walls for preheating air, coking arches or chambers, double combus- 
tion furnaces, and automatic stokers. All of these means have been more or 
less effective in diminishing smoke, their effectiveness depending largely 
upon the skill with which they are operated ; but none is entirely satisfac- 
tory. Fuel-gas is objectionable chiefly on account of its expense. The 
average quality of fuel-gas made from a trial run of several car-loads of 
Illinois coal, in a well-designed fuel-gas plant, showed a calorific value of 
243,391 heat-units per 1000 cubic feet, This is equivalent to 5052.8 heat-units 
per lb. of coal, whereas by direct calorimeter test an average sample of the 
coal gave 11,172 heat-units. One lb. of the coal showed a theoretical evap-. 
oration of 11.56 lbs. water, while the gas from 1 Ib. showed a theoretical 
evaporation of 5.23 lbs. 48.17 lbs. of coal were required to furnish 1000 cubic 
feet of the gas. In 39 tests the smoke-preventing furnaces showed only 74% 
of the capacity of the common furnaces, reduced the work of the boilers 
28%, and required about 2% more fuel to do the same work. In one case with 
steam-jets the fuel consumption was increased 12% for the same work. 

Prof. O. H. Landreth, in a report to the State Board of Health of Tennes- 
see (Engineering News, June 8, 1893), writes as follows on the subject of 
smoke prevention: 
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er: (a) 
ace until par- 


Va 


Ss (a) Mechanical stokers. They effect a material saving in the labor of 
firing, and are efficient smoke-preventers when not pushed above their 
capacity, and when the coal does not cake badly. They are rarely suscepti- 
ble to the sudden changes in the rate of firing frequently demanded in 
rvice, 

(6) Air-flues in side walls, bridge-wall, and grate-bars, through which air 
when passing is heated. The results are always beneficial, but the flues are 
difficult to keep clean and in order. 

(c) Coking arches, or spaces in front of the furnace arched over, in which 

_ the fresh coal is coked, both to prevent cooling of the distilled gases, and te’ 
force them to pass through the hottest part of the furnace just beyond the 
arch. The results are good for normal conditions, but ineffective when the 
fires are forced. The arches also are easily burned out and injured by 

_ working the fire. 

(d) Dead-plates, or a portion of the grate next the furnace-doors, reserved 

_ for warining and coking the coal before it is spread over the grate, These 
give good results when the furnace is not forced above its normal capacity. 

_ This embodies the method of ‘* coke-firing ” mentioned before. ‘ 

— (¢) Down-draught furnaces, or furnaces in which the air is supplied to the 

_ coal above the grate, and the products of combustion are taken away from 

_ beneath the grate, thus causing a downward draught through the coal, carry- 

; ing the distilled gases down to the highly heated incandescent coal at the 
bottom of the layer of coal on the grate. This is the most perfect manner 
of producing combustion, and is absolutely smokeless. 

(f) Steam-jets to draw air in or inject air into the furnace above the grate, 
and also to mix the air and the combustible gases together. A very efficient 
Aad a ae but one liable to be wasteful of fuel by inducing too rapid 
a draught, 

__(g) Baffle-plates placed in the furnace above the fire to aid in mixing the 

- combustible gases with the air, 

_ (h) Double furnaces, of which there are two different styles; the first of 

_ which places the second grate below the first grate; the coal is coked on the 

_ first grate, during which process the distilled gases are made to pass over 

_ the second grate, where they are ignited and burned; the coke from the first 
grate is dropped onto the second grate: a very efficient and economical 

_ smoke-preventer, but rather complicated to construct and maintain. In the 

- second form the products of combustion from the first furnace pass through 


- 
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the grate ana fire of the second, each furnace being charged with fresh fue} 
when needed, the latter generally with a smokeless coal or coke: an irra. 
tional and Rapromaeine method. hangs 

Mr. C. F. White, Consultin Engineer to the Chicago Society for the Pre- 
vention of Smoke, writes under date of May 4, 1893 : . 

The experience had in Chicago has shown plainly. that it is perfectly easy 
to equip steam-boilers with furnaces which Shall burn ordinary soft coal in 
such a manner that the making of smoke dense enough to obstruct. the vision 
shall be confined to one or two intervals of perhaps a couple of minutes’ 
duration in the ordinary day of 10 hours, ‘ 

Gas-fired Steam=boilers,—Converting coal into gas in a separate 
producer, before burning it under the steam-boiler, is an ideal met: od of 
smoke-prevention, but its expense has hitherto prevented its general intro- 
duction. A series of articles on the subject, iliustrating a great number of 
devices, by F. J. Rowan, is published in the Colliery Engineer, 1889-90. See 
also Clark on the Steam-engine, 


For the purpose of increasing the amount of steam that can be generated 
Pa 


jet in the smoke-stack. It is now largely used in ocean steamers, especially 
in ships of war, and to a small extent in stationary boilers. Economy of fuel 
is generally not attained by its use, its advantages oe confined to the 
securing of increased capacity from a’boiler of a given bul * 

The subject of forced draught is well treated in a paper by James Howden, 


America,”’ fitted the boilers with closed ash-pits, into which the air of com- 


2, exhausting the base of the funnel by the suction of the fan; 3 oT air 
into an air-tight boiler-room or stoke-hold. Each of these three met ods 
was attended with serious difficulties, 

In the use of the closed ra the blast-pressure would frequently force 
the gases of combustion, in the shape of a serrated flame, from the joint 
around the furnace doors in so great a quantity as to affect both the effi- 
ciency and health of the firemen, 

The chief defect of the second plan was the great size of the fan required 
to produce the necessary exhaustion. The size of fan required grows in a 
rapidly increasing ratio as the combustion increases, both on account of the 
iesher Koppel ed and the higher exit temperature enlarging the volume of 

e waste gases. 


ey 


In 1875 John I. Thornycroft & Co., of London, began the construction of 
torpedo-boats with boilers of the locomotive type, in which a high rate of 
combustion was attained by means of the air-tight boiler-room, into which 


clad of 45001.H.P. Ont 
to three hours each, the highest rates of combustion fos 16.9 I.H.P. per 
square foot of fire-grate in the “Satellite,” and 13.41 I.H.P. in the “ Con- 
queror, 

None of tne short trials at these rates of combustion were made without 
injury to the seams and tubes of the boilers, but the system was adopted, 
and it has been continued in the British Navy to this day (1898). 

In Mr. Howden’s opinion no advantage arising from increased combustion 
over natural-draught rates is derived from using forced draught in a closed 
ash-pit sufficient to compensate the disadvantages arising from difficulties 
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+ a 
in working, there being either excessive smoke from bituminous coat or 
reduced evaporative economy. 

In 1880 Mr. Howden designed an arrangement intended to overcome the 
defects of both the closed ash-pit and closed stoke-hold systems. 

An air-tight reservoir or chamber is placed on the front end of the boiler 
and surrounding the furnaces. This reservoir, which projects from 8 to 10 
inches from the end of the boiler, receives the air under pressure, which is 
_ passed by the valves into the ash-pits and over the fires in proportions 
suited to the kind of fuel used and the rate of combustion required. The 
air nsed above the fires is admitted to a space between the outer and inner 
furnace-doors, the inner having perforations and an air-distributing box 
through which the air passes under pressure. 

By means of the balance of air-pressure above and below the fires al] 
- tendency for the fire to blow out at the furnace-door is removed. 

By regulating the admission of the air by the valves above and below the 
fires, the highest rate of combustion possible by the air-pressure used can 
be effected, and in same manner the rate of combustion can be reduced to 
far below that of natural draught, while complete and economical combus- 
tion at all rates is secured. 
_ A feature of the system is the combination of the heating of the air of 

combustion by the waste gases with the controlled and regulated admission 
of air to the furnaces. This arrangement is effected most conveniently by 
passing the hot fire-gases after they leave the boiler through stacks of 
vertical tubes enclosed in the uptake, their lower ends being immediately 
above the smoke-box doors. 

Installations on Howdeéh’s system have hitherto been arranged for a rate 
_ of combustion to give at full sea-power an average of from 18 to 22 LH.P. 
per square foot of fire-grate with fire-bars from 5’ 0/ to 5’ 6’ in length. 

It is believed that with suitable arrangement of proportions even 80 
1.H.P. per square foot can be obtained. . ‘ 

For an account of recent uses of exb’,ast-fans for increasing draught, see 
paper by W. R. Roney, Trans. A. S. ™,. E., vol. xv. 
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Green’s Fuel Economizer,—Clark gives the following average re- 
sults of comparative trials of three boilers at Wigan used with and without 


economizers ; 
Without With 
Economizers. Economizers. 
Coal per square foot of grate per hour...... 21.6 2 
Water at 100° evaporated per hour..... Rete 3 73.55 79.32 
Water at 212° per pound of coal..... .....- 9.60 10.56 


Showing that in burning equal quantities of coal per hour the rapidity of 
evaporation is increased 9.3% and the efficiency of evaporation 10% by the 
addition of the economizer. 

The average temperatures of the gases and of the feed-water before and 
after passing the economizer were as follows: 

With 6-ft. grate. With 4-ft. grate, 
Before. After, Before, After. 
Average temperature of gases....... 649 340 501 312 ff 
Average temperature of feed-water. 47 157 41 137 


Taking averages of the two grates, to raise the temperature of the feed- 
water 100° the gases were cooled down 250°. 

Performance of a Green Economizer with a Smoky Coal. 
—The action of Green’s Economizer was tested by M. W. Grosseteste for a 
period of three weeks. The apparatus consists of four ranges of vertical 
pipes, 614 feet high, 334 inches in diameter outside, nine pipes in each range, 
connected at top and bottom by horizontal pipes. The water enters all the 
tubes from below, and leaves them from above. The system of pipes is en- 
yoloped in a brick casing, into which the gaseous products of combustion 
are introduced from above, and which they leave from. below. The pipes 
are cleared of soot externally by automatic scrapers. The capacity for 
water is 24 cubic feet, and the total external heating-surface is 290 square 
feet. The apparatus is placed in connection with a boiler having 355 square 
feet of surface. F 

This apparatus had been at work for seven weeks continuously without 
having been cleaned, and had accumulated a 44-inch coating of soot and 
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ash, when its performance, in the same condition, was observed for one 
week. During the second week it was cleaned twice every day; but during 
the third week, after having been cleaned on Monday morning, it was 
worked continuously without further cleaning. A smoke-making coal was 
used. The consumption was maintained sensibly constant from day to day. 


Green’s Economizer.—RESULTS oF EXPERIMENTS ON ITs EFFICIENCY AS 
AFFECTED BY THE STATE OF THE SURFACE. (W. Grosseteste.) 


Temperature of Feed- | Temperature of Gas- 
water. eous Products, 


Time 
Enter- | Leay- Enter- | Leay- 
(February and March). ing | ing | Differ-| ing | ing | Differ- 
Feed- | Feed- | ence. | Feed- | Feed- | ence. 
heater.| heater. heater.| heater. 
Fahr. | Fahr. | Fahr. | Fahr. | Fahr. | Fahr. 
Ish WOeK vets esr sss aver: 73.5° | 161.5° | $8.0° | §49° 261° 
2d Week,......... Seaoltetas 77.0 | 230.0 | 158.0 882 297 585 
3d Week—Monday ....... | 73.4 | 196.0 | 122.6 831 284 547 
Tuesday........] 73.4 | 181.4 | 108.0 871 309 562 
Wednesday..... 79.0 | 178.0 99.0 — |+ — —_— 
Thursday.......} 80.6 | 170.6 90.0 952 329 623 
Friday......... 6 | 169.0 88.4 889 838 551 
Saturday........ 79.0 | 172.4 93.4 901 351 550 
ist Week, 2d Week. 3d Week, 
Coal consumed per hour.................. 214]bs. 216]bs, 213 Tbs, 
Water evaporated from 32° F. per hour.. 1424 1525 1428 
Water per pound of coal.... ............ 6.65 7.06. 6.70 


It is apparent that there is a great advantage in cleaning the pipes daily 
—thke elevation of temperature having been increased by it from 88° to 153°. 
In the third week, without cleaning, the elevation of temperature relapsed 
in three days to the level of the first week; even on the first day it was 
quickly reduced by as much as half the extent of relapse. By cleaning the 
pipes daily an increased elevation of temperature of 65° F., was obtained, 
whilst a gain of 6% was effected in the evaporative efficiency. 


INCRUSTATION AND CORROSION, 


Incrustation and Scale.—Incrustation (as distinguished from 
mere sediments due to dirty water, which are easily blown out, or ae 
up, by means of sediment-collectors) is due to the presence of sal in the 
feed-water (carbonates and sulphates of lime an magnesia for the most 
part), which are precipitated when the water is heated, and form hard de- 
posits upon the boiler-plates. (See Impurities in Water, p. 551, ante.) 

Where the quantity of these salts is not very large (12 grains per gallon, 
say) scale preventives may be found effective. The chemical preventives 
either form with the salts other salts soluble in hot water; or precipitate 
them in the form of soft mud, which does not adhere to the plates, and can 
be washed out from time to time. The selection of the chemicai must de- 
ae upon the composition of the water, and it should be introduced regu- 

ly with the feed. ~ 
MPLES.—Sulphate-of-lime scale prevented by carbonate of soda: The 
sulphate of soda produced is soluble in water; and the carbonate of lime 
fi down in grains, does not adhere to the plates, and may therefore be 
blown out or gathered into sediment-collectors, The chemical reaction is: 


Sulphate of lime-+-Carbonate of soda = Sulphate of soda+_Carbonate of lime 
CaSO, Na,CO; Na,SO, CaCO; 
Sodium phosphate will decompose the sulphates of lime and magnesia: 
Sulphate of lime + Sodium phosphate = Calcium phos. -++ Sulphate of soda. 
CaSO, Na,HPO, CaHPO, Na,SO, 

Sul. of magnesia-++Sodium phosphate = Phosphate of magnesia+Sul. of soda, 

Mgso, Na,HPO, MgHPO, Na,SO, 
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Where the quantity of salts is large, scale preventives are not of muclt 

_ use. Some other source of supply must be sought, or the bad water purified 
before it is allowed to enter the boilers. The damage done to boilers by un- 

Suitable water is enormous. 

_ Pure water may be obtained by collecting rain, or condensing steam by 

_ Means of surface condensers. The water thus obtained should be mixed 

with a little bad water, or treated with a little alkali, as undiluted, pure 

_ water corrodes iron; or, after each periodie cleaning, the bad may be used 
for a day or two to put a skin upon the plates. 

- Carbonate of lime and magnesia may be precipitated either by heating the 
water or by mixing milk of lime (Porter Clark process) with it, the water 
being then filtered. 


_ Corrosion may be produced by the use of pure water, or by the presence 
_ of acids in the water, caused perhaps in the engine-cylinder by the action of 
z ure steam upon the grease, resulting in the erat of fatty 

_ acids. Acid water may be neutralized by the addition of lime. 
Amount of Sediment which may collect in a 100-H.P_ steam-boiler, 
camara 2 3000 Ibs. of water per hour, the water containing different 
anounts of impurity in solution, provided that no water is blown off: 


_ Grains of solid impurities per U. S. gallon: 
5 10 20 30 40 50 60 7 so 9 10 
Equivalent parts 100,000: 
8.57 17.14 3408 51.42 68.56 85.71 102.8 120 187.1 154.3 171.4 
Sediment deposited in 1 hour, pounds: 
ia 257 514 1.028 1.542 2.056 2.571 3.08 36 4.11 4.63 5.14 
_ In one day of 10 hours, pounds: 
2.57 Geld 10.28 15.42 20.56 25.71 30.85 36.0 41.1 46.8 51.4 


In one week of 6 days, pounds: 
15.43 380.8 61.7 92.55 123.4 154.3 185.1 216.0 246.8 277.6 808.5 


the unusual substances in water can be retained in soluble form 
or ipitated as mud by adding caustic soda or lime. This is especially 


tis mepeneere & have a chemical analysis of the water in order to fully 


All secret compounds for removing boiler-scale should be avoided. (A list 
of 27 such compounds manufactured and sold by German firms is then given 
_ which have been analyzed by the association.) ‘ 

_ Such secret parations are either nonsensical or fraudulent, or contain 

either one of the two substances recommended by the association for re- 
moving scale, erally soda, which is colored to conceal its presence, and 
sometimes adulterated with useless or even injurious matter. ; 

These additions as well as giving = Can ges sone stran, yceenee 
name, are meant simply to deceive the boiler owner and conceal from him 
the fact that he is buying colored soda or similar substances, for which he is’ 

ing an exorbitant price. ; 3 

eG ‘thicazo. Milwaukee & St. P. R. R. uses for the prevention of scale in 
 locomotive-boilers an alkaline compound consisting of 3750 gals. of water, 

_ 9800 Ibs. of 70% caustic soda, and 1600 Ibs. of 58% soda-ash (Eng. News, Dec. 5, 


1891). : : 
= Ede ith, chemist of the Ry. Co., writes May, 1902, that this com- 

: hag Se toad several years ago and commercial soda-ash, known 
as ‘58° soda,” containing about 97% pure carbonate of soda, substituted in 
the water in the locomotive tender tanks, where it dissolves and passes to 
the boiler, Its action is to precipitate a portion of the scale forming solids 
in a flocculent form so abner are kept loose and free from the metal un- 

lown or Ww: out. 

fa aes vary according to the character of the water and are 
based on the following rules: For calcium and maguesium sulphates and 
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chlorides, use soda-ash equal to the chemical] equivalent of those com- 
pounds present. For calcium and magnesium Carbonates, the amount of 
Soda-ash to be used varies from nothing when sulphates or chlorides ar’, 
high, up to about one fifth the equivalent of the carbonates, when sulphates 
and chlorides are low or absent. A few waters contain carbonate of soda 
originally, and for these less soda-ash or none at all is necessary. It may 
also be necessary to make some reduction in the dose of soda-ash when 
large amounts of other alkali salts ard present. In any case it is not desir- 
able to use more than 2 lbs. of soda-as! per 1000 gallons of«water, or more 
than 10 lbs. per 100 miles of locomotive run, on account of the foaming pro- 
duced. The above rule assumes that the boilers are fairl clean and are 
kept fairly free from sludge by blowing and washing out. On the C., M. & 
St. P. Ry. boilers are usually washed once in 500 to 2000 miles run, accord- 
ing to the character of the waters used. 

In the upper Mississippi valley the majority of the waters are below 20 or 
25 grains of incrusting solids per gallon, and the greater portion of this is 
carbonates. For these the above treatment is very successful. From 25 to 
50 grains; increasing difficulty is encountered on account of foaming pro 
duced by the large amounts of sludge and alkali, and above 50 grains, soda- 
ash alone fails to keep the boilers clean in practical service. 

Kerosene and other Petroleum Oils 3 Foaming.—Kerosene 
has recently been highly recommended as a scale ppveoe: See paper by 
L.F. Lyne (Trans. A. S. M.E., ix. 247). The 4m. Mac ., May 22, 1890, says: Ker- 
osene used in moderate quantities will not make the boiler foam; itis recom- 
mended and used for loosening the scale and for preventing the formation of 
scale. The presence of oil in combination with other impurities increases the 
tendency of many boilers to foam, as the oil with the impurities impedes the 
free escape of steam fromthe watersurface. The use of common oil not only 
tends to cause foaming, but is dangerous otherwise. The grease appears to 
combine with the impurities of the water, and when the boiler is at rest this 
compound sinks to the plates and clings to them ina loose, spongy mass, pre- 
venting the water from coming in contact with the plates, and thereby pro- 
ducing overheating, which may lead to an explosion. Foaming may also 
be caused by forcing the fire, or by taking the steam from a point over the 
furnace or where the ebullition is violent; the greasy and dirty state of new 
boilers is another good cause for foaming. Kerosene should be used at first 
in small quantities, the effect carefully noted, and the quantity increased if 
necessary for obtaining the desired results. 

R. C. Carpenter (Trans. A. §. M. E., vol, xi.) says: The boilers of the State 
Agricultural College at eames Mich., were badly incrusted with a hard 
scale. It was fully three eighths of an inch thick in many places. The first 
application of the oil was made while the boilers were being but little used, 
by inserting a gallon of oil, filling with water, heating to the boilin -point 
and allowing the water to stand in the boiler’ two or three weeks before 
removal, By this method fully one half the scale was removed during the 
warm season and before the boilers were needed for heavy firing. The oil 
was then added in small quantities when the boiler was in actual use. For 
boilers 4 ft. in diam. and 12 ft. ee ue best results were obtained by the 
use of 2 qts. for each boiler per wee , and for each boiler 5 ft. in diam. 3 qts. 
per week. The water used in the boilers has the following analysis : CaCO, 
206 parts in a million; MgO0Os, 78 parts; FegCOg, 22 parts; traces of sulphates 
and chlorides of potash and soda. Total Solids, 325 parts in 1,000,000. 

Tannate of Soda Compound,—t. T. Parker writes to Am. Mach.: 
Should you find kerosene not doing any good, try this es 50 Ibs, sal-soda, 
35 lbs. japonica; pe the ingredients in a 50-gal. barrel, fill half full of water, 
and run a steam hose fnto it until it dissolves and boils, Remove the hose, 
fill up with water, and allow to settle. Use one quart per day of ten hours 
for a 40-H.P. boiler, and, if possible, introduce it as you do cylinder-oil to 
your engine. Barr recommends tannate of soda asa’ remedy for scale com- 
posed of sulphate and carbonate of lime, As the japonica yields the tannic 
acid, I think the resultant equivalent to the tannate of soda. 

Petroleum @iis heavier than kerosene have been used with good re. 
sults. Crude oil should never be used, The more volatile oils it contains 
make explosive gases, and its tarry constituents are apt to form a spongy 
incrustation. 

Removal of Hard Scale.—When boilers are coated with a hard 
scale difficult to remove the addition of 4 \b. caustic soda per horse-power, 
and chips 8 for some hours, according to the thickness of the scale, just 
before cleaning, will greatly facilitate that operation, rendering the scale 
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soft and loose. This should be done, if possible, when the boilers are not 

otherwise in use. (Steam.) 

Corrosion in Marine Boilers, (Proc. Inst. M. E., Aug. 1884).—The 
investigations of the Committee on Boilers served to show that the internal 
corrosion of boilers is greatly due to the combined action of air and sea- 
water when under steam, and when not under steam to the combined action 
of air and moisture upon the unprotected surfaces of the metal. There are 
other deleterious influences at work, such as the corrosive action of fatty 
acids, the galvanic action of copper and brass, and the inequalities of tem- 
perature; these latter, however, are considered to be of minor importance. 

Of the several methods recommended for protecting the intordal subraees 
of boilers, the three found most effectual are: First, the formation of a 

_ thin layer of hard scale, deposited by working the boiler with sea-water; 
_ second, the coating of the surfaces with a thin wash of Portland cement, 
' particularly wherever there are signs of decay; third, the use of zine slabs 
suspended in the water and steam spaces. 

As to general treatment for the preservation of boilers in store or when 
laid up in the reserve, either of the two following methods is adopted, as 
may be found most suitable in particular cases, First, the boilers are 
dried as much as possible by airing-stoves, after which 2 to 3 ewt. of quick- 
lime, according to the size of the boiler, is placed on suitable trays at the 
bottom of the boiler and on the tubes. The boiler is then closed and made 
as air-tight as possible. Periodical inspection ismade every six months, 
when if the lime be found slacked it is renewed. Second, the other 
method is to fill the boilers up with sea or fresh water, having added soda 
to it in the proportion of 1 Ib. of soda to every 100 or 120 Ibs. of water. The 
sufficiency of the saturation can be tested by introducing a piece of clean 
new iron and leaving it in the boiler for ten or twelve hours; if it shows 
signs of rusting, more soda should be added. It is essential that the boilers 
be entirely filled, to the complete exclusion of air. 

Great care is taken to prevent sudden changes of temperature in boilers. 
Directions are given that steam shall not be raised rapidly, and that care 
shall be taken to prevent a rush of cold air through the tubes by too sud- 
denly opening the smoke-box doors. The practice of emptying boilers by 
blowing out is also prohibited, except in cases of extreme urgency. As a 
rule the water is allowed to remain until it beeomes cocl before the boilers 
are emptied, E 

Mineral oil has for many years been exclusively used for internal lubrica- 
tion of engines, with the view of avoiding the effects of fatty acid, as this oil 
does not readily decompose and possesses no acid properties. 

Of all the preservative methods adopted in the British service, the use of 
zine properly distributed and fixed has been found the most effectual in 
saving the iron and steel surfaces from corrosion, and also in neutralizing 
by its own deterioration the hurtful influences met with in water as ordina- 
rily supplied to boilers. The zine slabs now used in the navy boilers are 12 
in. long, 6 in, wide, and 44 inch thick; this size being found convenient for 
general application. The amount of zine used in new boilers at present is 
one slab of the above size for every 20 1.H.P., or about one square foot of 
zine surface to two square feet of grate surface, Rolled zine is found the 
most suitable for the purpose. To make the zinc properly efficient as a 
protector especial care must be taken to insure perfect metallic contact 
between the slabs and the stays or plates to which they are attached, The 
_ slabs should be placed in such positions that all the surfaces in the boiler 
~ shall be prDieetons Each slab should be periodically examined to see that 

its connection remains perfect, and to renew any that may have decayed; 

this examination is usually made at intervals not exceeding three months. 

Under ordinary circumstances of working these zine slabs may be expected 

to last in fit condition from sixty to ninety days, immersed in hot sea-water; 

but in new boilers they at first decay more rapidly. The slabs are generally 
secured by means of iron straps 2 in. wide and 8 inch thick, and long 
enough to reach the nearest stay, to which the strap is firmly attached by 
screw-bolts. ¢ 

To promote the proper care of boilers when not in use the following order 
has been issued to the French Navy by the Government; On board all ships- 
in the reserve, as well as those which are laid up, the boilers will be com- 
pletely filled with fresh water. In the case of large boilers with large tubes 

there will be added to the water a certain amounts of milk of lime, or a 

solution of soda may be used instead, In the case of tubulous boilers with 

small tubes milk of lime or soda may be added, but the solution will not be 


- 
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so strong asin the case of the larger tube, so as to avoid any danger of 
contracting the effective area by deposit from the solution; but the strength 
of the solution wili be just sufficient to neutralize any acidity of the water. 
(Iron Age, Nov. 2, 1893.) 

Use of Zinc.—Zinc is often used in boilers to prevent the corrosive 
action of water on the metal. The action appears to be an electrical one, 
the iron being one pole of the battery and the zinc being the other. The 
hydrogen goes to the iron shell and escapes as a gas into the steam. The 
oxygen goes to the zine. 

On account of this action it is generally believed that zinc will always 
prevent corrosion, and that it cannot be harmful to the boiler or tank. 
Some experiences go to disprove this belief, and in numerous cases zinc has 
not only been of no use, but has even been harmful. In one case a tubular 
boiler had been troubled with a deposit of scale consisting chiefly of or- 
ganic matter and lime, and zine was tried as a preventive. The beneficial 
action of the zinc was so obvious that its continued use was advised, with 
frequent opening of the boiler and cleaning out of detached scale until all 
the old scale should be removed and the boiler become clean. Eight or ten 
months later the water-supply was changed, it being now obtained from 
another stream supposed to be free from lime and to contain only organic 
matter. Two or three months after its introduction the tubes and shell 
were found to be coated with an obstinate adhesive scale, and composed of 
zinc oxide and the organic matter or sediment of the water used. The 
deposit had become so heavy in places as to cause overheating and bulging 
of the plates over the fire. (The Locomotive.) 

Effect of Deposit on Flues. (Rankine.)—An external crust of a 
carbonaceous kind is often deposited from the flame and smoke of the fur- 
naces in the flues and tubes, and if allowed to accumulate seriously impairs 
the economy of fuel. It is removed from time to time by means of scrapers 
and wire brushes. The accumulation of this crust is the probable cause of 
the fact that in some steamships the consumption of coal per indicated 
horse-power per hour goes on gradually increasing until it reaches one and 
a half times its original amount, and sometimes more. 

Dangerous Steam-boilers discovered by Inspection.— 
The Hartford Steam-boiler Inspection and Insurance Co. reports that its 
inspectors during 1893 examined 163,328 boilers, inspected 66,698 boilers, 
both internally and externally, subjected 7861 to hydrostatic pressure, and 
found 597 unsafe for further use. The whole number of defects reported 
was 122,893, of which 12,390 were considered dangerous. A summary is 
given below. (The Locomotive, Feb. 1894.) 


Summary, By DEFECTS, FOR THE YEAR 1893. 


Whole Dan- Whole Dan- 
Nature of Defects. No; gerous: Nature of Defects, ING paren 
Deposit of sediment,.... 9,774  548# Leakage around tubes. ..21,211 
Incrustation and scale...18,369 865fLeakage at seams.. .. . 5,424 
Internal grooving........ 1,249 148] Water-gauges defective. 3,670 660 


, 


Internal ‘corrosion...... . 6,252 397§Blow-outs defective...... 1,620 425 
External corrosion.,..... 8,600  586§Deficiency of water..... 204 107 
Def'tive braces and stays 1,966  485fSafety-valves overloaded 723 203 
Settings defective........ 3,094  352§Safety-valves defective... 942 300 


Furnaces out of shape... 4,575 ~ 254f/Pressure-gauges def’tive 5,953 552 
Fractured plates......... 32 6409 Boilers without pressure- 

Burned plates... s eplOe. 'ORON BAULOS, ive. peices ba, weed 
Blistered plates . 8,381 1649 Unclassified defects.... . 756 
Defective rivets -17,415 1,569 —_ —— 
Defective heads, vn CONE DOOR. LOURI Scenes ater AGS 122,893 12,390 


The above-named company publishes annually a classified list of boiler- 
explosions, compiled oe from newspaper reports, showing that from 
200 to 300 explosions take place in the United States every year, killing from 
200 to 800 persons, and injuring from 300 to 450. The lists are not pretended 
to be complete, and may include only'a fraction of the actual number of 
explosions. 

Steam-boilers as Magazines of Explosive Energy.—Prof. 
R. H. Thurston (Trans. A. S. M. E., vol. vi.), in a paper with the above 
title, presents calculations showing the stored energy in the hot water and 
steam of various boilers. Concerning the plain tubular boiler of the 
form and dimensions adopted asa standard by the Hartford Steam -boiler 


, SAFETY-VALVES, 721 


Insurance Co., he says: It is 60 inches in diameter, conte:ning 66 3-inch 
tubes, and is 15 feet long. It has 859 feet of heating and 30 feet of grate 
surface; is rated at 60 horse-power, but is oftener driven up to 753; weighs 
9500 pounds, and contains nearly its own weight of water, but only 21 
pounds of steam when under a pressure of 7% pounds per square inch, 
which is below its safe allowance. It stores 52,000,000 foot-pounds of en- 
ergy, of which but 4 per cent is in the steam, and this is enough to drive 
the boiler just about one mile into the air, with an initial velocity of nearly 
600 feet per second. 


; SAFETY-VALVES, 
Calculation of Weight, etc., for Lever Safety-valves, 


. Let W = weight of ball at end of lever, in pounds; 
w = weight of lever itself, in pounds; 
V = weight of valve and spindle, in pounds; 
I, = distance between fulcrum and centre of ball, in inches; 
t= 6 st ae e ** valve, in inches; 
i= a cs iS as “© gravity of lever, in in.s 
A = area of valve, in square inches; : 
P = pressure of steam, in lbs, per sq. in., at which valve will open. 


Then PAXIL=WXL+wxgt+Vxh; 


whence P= hoe, 


1 ® 

PAl —wg — Vl 
Wien oat 
_ PAl—wg— Vi 
1 a SRR 


ExampiEe.—Diameter of valve, 4’; distance from fulcrum to centre of ball. 
86”; to centre of valve, 4’; to centre of gravity of lever, 1514’’; weight of 
valve and spindle, 3 lbs.; weight of lever, 7 lbs.; required the weight of ball 
to make the blowing-off pressure 80 Ibs. per sq. in.; area of 4” valve = 12.566 
sq.in. Then 
t — _— — — 
= PAl— wg ~ Vi _ 80 xX 12.506 X4— 7X 1546-38 X4 _ og 4 ths, 
L 36 

The following rules governing the proportions of lever-valves are given by 
the U. 8. Supervisors. The distance from the fulerum to the valve-stem 
must in no case be less than the diameter of the valve-opening; the length 
of the lever must not be more than ten times the distance from the fulerum 
to the valve-stem; the width of the bearings of the fulcrum must not be 
less than three quarters of an ineb; the length of the fulerum-link must not 
be less than four inches; the lever and fulcrum-link must be made of 
wrought iron or steel, and the knife-edged fulcrum points and the bearings 
for these points must be made of steel and hardened; the valve must be 
guided by its spindle, both above and below the ground seat and above the 
lever, through supports either made of composition (gun-metal) or bushed 
with it; and the spindle must fit loosely in the bearings or supports, 


Rules for Area of Safety-valves. 
(Rule of U. S. Supervising Inspectors of Steam-vessels (as amended 1894),) 


Lever safety-valves to be attached to marine boilers shall have an area of 
not less than 1 sq. in. to 2 sq. ft. of the grate surface in the boiler, and the 
seats of all such safety-valves shall have an angle of inclination of 45° to the 
centre line of their axes. 

Spring-loaded safety-valves shall be required to have an area of not less. 
than 1 sq. in. to 3 sq. ft. of grate surface of the boiler, except as hereinafter 
otherwise roped. for water-tube or coil and sectional boilers, and each 
spring-loaded valve shall be supplied with a lever that will raise the valve 
from its seat a distance of not less than that equal to one eighth the diam- 
eter of the valve-opening, and the seats of all such safety-valves shall have 
- an angle of inclination to the centre line of their axes of 45°. All spring- 
f loaded safety-valves for water-tube or coil and sectional boilers required to 
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carry a steam-pressure exceeding 175 lbs. per square inch shall be required 
to have an area of not less than 1 sq. in. to 6 sq. ft. of the grate surface of 
the boiler. Nothing herein shall be construed so as to prohibit the use of 
two safety-valves on one water-tube or coil and sectional boiler, provided 
the onbeed area of such valves is equal to that required by rule for one 
such valve. 

Rule in Philadelphia Ordinances: Bureau of Steam= 
engine and Boiler Inspection.—Every boiler when fired sepa- 
rately, and every set or series of boilers when placed over one fire, shall 
have attached thereto, without the interposition of any other valve, two or 
more safety-valves, the aggregate area of which shall have such relations to 
the area of the grate and the pressure within the boiler as is expressed in 
schedule A. 

ScHEDULE A.—Least aggregate area of safety-valve (being the least sec- 
tional area for the discharge of steam) to be placed upon all stationary boil- 
ers with natural or chimney draught [see note a]. 

vie! 22.54 
~ P+ 8.62” 
in which A is area of combined safety-valves in inches; G@ is area of grate in 
square feet; Pis pressure of steam in pounds per square inch to be carried 
in the boiler above the atmosphere. 

The following table gives the results of the formula for one square foot of 
grate, as applied to boilers used at different, pressures: : 

Pressures per square inch: 


105, 20-80. s+ 405-1602 60)-> 70's, '80)_ 390. 5 100../-110'4_ 120 
Area corresponding to one square foot of grate: 
1.21 0.79 0.58 0.46 0.38 0.33 0.29 0.25 0.28 0.21 0.19 0.17 


[Note a.] Where boilers have a forced or artificial draught, the inspector 
must estimate the area of grate at the rate of one square foot of grate-sur- 
face for each 16 lbs. of fuel burned on the average per hour. 

Comparison of Various Rules for Area of Lever Safety= 
walves. (From an article by the author in American Machinist, May 24, 
1894, with some alterations and additions.)—Assume the case of a boiler 
rated at 100 horse-power; 40 sq. ft. grate; 1200 sq. ft. heating-surface; using 
400 lbs. of coal per hour, or 10 lbs, per sq. ft. of grate per hour, and evapora- 
ting 3600 Ibs. of water, or 3 lbs. per sq. ft. of heating-surface per hour; 
pate dn by gauge, 100 lbs. What size of safety-valve, of the lever 
type, should be required ? 3 

A compilation of various rules for finding the area of the safety-valve disk, 
from The Locomotive of July, 1892, is given in abridged form below, to- 
gether with the area calculated by each rule for the above example. 

Disk Area in sq. in. 


U. S. Supervisors, heating-surface in BGG Lbice=e0 tein siete a sre aisle deine ees 48 
English Board of Trade, grate-surface in sq. ft. + 2........, - 20 
Molesworth, four fifths of grate-surface in sq. ft.... 32 


Thurston, 4 times coal burned per hour x (gauge pressure ce 40). tb Ia, 


narston: 16x heating-surface) 
2 gauge pressure + 10 

Rankine, .006 X water evaporated per hOur............ceseessceceeeese » 21.6 

Committee of U. 8. Supervisors, .005 x water evaporated per hour..... 18 


Suppose that, other data remaining the same, the draught were increased 
so as to burn 13% lbs. coal per square foot of grate per hour, and the grate- 
surface cut down to 30 sq. ft. to correspond, making the coal burned per 
hour 400 lbs., and the water evaporated 3600 lbs., the same as before; then 
the English Board of Trade rule and Molesworth’s rule would give an area 

.of disk of only 15 and 24 sq, in., respectively, showing the absurdity of mak- 
ing the area of oat the basis of the calculation of disk area. 

Another rule by Prof, Thurston is given in American Machinist, Dec. 1877, 
viz.; 


Wins eiaie/n o@ip.cieleisle o'siale'e ceccerceecccessacce Shed 


44 max. wt. of water evap. per hour 
gauge pressure + 10 
This gives for the example considered 16.4 sq. in. 


Disk area = 


* The edition of 1893 of the Rules of the Supervisors does not contain this 
rule, but gives the rule grate-surface = 2. 


a 
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_ _ One rule by Rankine is 1/150 to 1/180 of the number of pounds of water 
- evaporated per hour, eae for the above case 27 to 20sq. in. A communi- 
tion in Power, July, 1890, gives two other rules: 

ist. 1 sq. in. disk area for 3 sq. ft. grate, which would give 13.3 sq. in. 

2d. $4 sq. in. disk area for 1 sq. ft. grate, which would give 30 sq. in.; but 
if the grate-surface were reduced to 30 sq. ft. on account of increased 
draught, these rules would make the disk area only 10 and 22.5 sq. in., 
respectively. 

The Philadelphia rule for 100 lbs. gauge pressure gives a disk area of 0.21 

_ 8g. in. for each sq. ft. of grate area, which would give an area of 8.4 sq. in. 
for 40 sq. ft. grate, and only 6.3 sq. in. if the grate is reduced to 30 sq. ft. 

_ _ According to the rule this aggregate area would have to be divided Derwene 
two valves. But if the boiler was driven by forced draught, then the in- 
‘spector ‘“‘must estimate the area of grate at 1 sq. ft. for each 16 lbs. of fuel 
burned per hour.”’ 

Under this condition the actual grate-surface might be cut down to 400 + 
16 = 25 sq. ft., and by the rule the combined area of the two safety-valves 
would be only 25 X 0.21 = 5.25 sq. in. 

Nystrom’s Pocket-book, edition of 1891, gives 34 sq. in. for 1 sq. ft. grate; 
also quoting from Weisbach, vol. ii, 1/3000 of the heating-surface, This in 
the case considered is 1200/3000 = .4 sq. ft. or 57.6 sq. in. 

We thus have rules which give for the area of safety-valve of the same 100. 

_ horse-power boiler results ranging all the way from 5.25 to 57.6 sq. in. 

All of the rules above quoted give the area of the disk of the valve as the 
thing to be ascertained, and it is this area which is supposed to bear some 
direct ratio to the grate-surface, to the heating-surface, to the water evap- 
orated, ete. It is difficult to see why this area has been considered even 
approximately proportional to these quantities, for with small lifts the area 

_ of actual opening bears a direct ratio, not to tne area of disk, but to the 
_ circumference. 
Thus for various diameters of valve : 
3 4’ 5 6 
7.07 12.57 19.64 28.27 38.48 
9.42 12.57 15.71 18.85 
394. 1/26 1.5% 1. 
13 a 08 067 057 


The apertures, therefore, are therefore directly proportional to the diam- 
eter or to the circumference, but their relation to the area is a varying one. 
If the lift = 14 diameter, then the opening would be equal to the area of 
_+ the disk, for circumference x 14 diameter = area, but such a lift is far 
_ beyond the actual lift of an ordinary safety-valve. 
_ _A correct rule for size of safety-valves should make the product of the 
diameter and the lift proportional to the weight of steam to be discharged. 
A “logical” method for calculating the size of safety-valve is given in 
The Locomotive, July, 1892, based on the assumption that the actual opening 
should be sufficient to discharge all the steam generated by the boiler. 
Napier’s rule for flow of steam is taken, viz., flow through aperture of one 
sq. in, in lbs. per second = absolute pressure + 70, or in lbs. per hour = 51,43 
X_ absolute pressure, ' 
if the angle of the seat is 45°, as specified in the rules of the U. S. Super- 
visors, the area of opening in sq. in. = circumference of the disk X the lift 
X .71, .71 being the cosine of 45°; or diameter of disk x lift x 2.23. : 
A. G. Brown in his book on The Indicator and its Practical Working 
(London, 1894) gives the following as the lift of the ordinary lever safety- 
_ vaive for 100 Ibs. gauge-pressure: 
Diam. of valve.. 2 2% 3 8% 4 446 5 6 inches, 
Rise of valve.... .0583 .0523 .0507 .0492 .0478 .0462 .0446 .0480 inch. 
The lift decreases with increase of steam-pressure; thus fora 4-inch valve: 
Abs. pressure, lbs. 45 65 85 105 115 185 155 175 195 215 
Gauge-press.,lbs.. 30 °50 70 90 100 120 140 160 180 200 
Rise, inch......... .1034 .0775 .0620 .0517 .0478 .0413 .0365 .0327 .0296 .0270 


The eifective area of opening Mr, Brown takes at 70% of the rise multiplied 


by the circumference. Z F 
An approximate formula corresponding to Mr. Brown's figures for diam- 
eters between 214 and 6 in. and gauge-pressures between 70 and 200 Ibs, is 


‘ 115 chee 
\ Lift = (.0603 — 0031d) x abs, pressure’ in which d = diam. of valve in in, 
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If we combine this formula with the formule 

Flow in lbs. per hour = area of opening in sq. in. x 51.43% abs. pressure, and 

Area = diameter of valve x lift x 2.23, we obtain the following, which the 
author suggests as probably a more correct formula for the discharging 
capacity of the ordinary lever safety-valve than either of those above given, 

Flow in Ibs. per hour = d(.0603 — .0031d) x 115 x 2:23 X 51.43 = A795 — 41d), 

From which we obtain : 

Diameter, inches.... 1 vs 2 BG 8... 6-4 5 6 is 

Flow, lbs. perhour.. 754 1100 1426 1733 2016 2282 9594 9950 3294 3556 
Horse-power........ % 3 4% +58 6 7% 8 98 0 119 
the horse-power being taken as an evaporation of 30 lbs. of water per hour. 

If we solve the example, above given, of the boiler evaporating 3600 lbs. of 
water per hour by this table, we find it requires one 7-inch valve, or a 2a 
and a 3-inch valve combined. The 7-inch valve has an area of 38,5 sq. in., 
and the two smaller valves taken together have an area of only 12 sq. in.; 
another evidence of the absurdity of considering the area of disk as the 
factor which determined the capacity of the valve. 

It is customary in practice not to use safety-valves of greater diameter 
than 4in. If a greater diameter is called for by the rule that is adopted, 
then two or more valves are used instead of one, 

Spring-loaded Safety=-valves.—Instead of weights, springs are 
sometimes employed to hold down safety-valves, The calculations are 
similar to those for lever safety-valves, the tension of the spring correspond- 
ing toa ven rise being first found by experiment (see Springs, page 347). 

The rules of the U. S. Supervisors allow an area of 1 sq. in. of the valve 
to 3 sq. ft. of grate, in the case of spring-loaded valves, except in water-tube, 
coil, or sectional boilers, in which 1 sq. in. to 6 sq. ft. of grate is allowed. 

Spring-loaded safety-valves are usually of the reactionary or ** pop” type, 
in which the escape of the steam is opposed by a lip above the valve-seat, 
against which the escaping steam reacts, causing the valve to lift higher 
than the ordinary valve, 

A. G. Brown gives the following for the rise, effective area, and quantity 
of steam discharged per hour by valves of the * pop” or Richardson type. 
‘The effective is taken at only 50 of the actual area due to the rise, on account 
of the obstruction which the lip of the valve offers to the escape of steam, 


Dia.valve, in. 1 6 2 ue 3 B44) 4 446| 5 6 
Lift,inches. | .125] .1 | Be les: ae -225 | .250| .275 368 | -825 | .875 
Area, sq.in. | .196| .354] .550| .785| 1.061 | 1.875 | 1.728 2.121 | 2.558 |8.535 
Gauge-pres., Steam discharged per hour, Ibs. 
fon] ah i Ste Se ete 2 
80 Ibs. | 474 | 856 | 1330 | 1897 | 2563 | 3395 4178 | 5128 | 6173] 8578 
50 669 | 1209 | 1878 | 2680 | 3620 | 4695 | 5901 7242 | 8718| 12070 
70 861 | 1556 | 2417 | 8450 | 4660 | 6144 | 7596 9324 | 11220) 15535 
90 1050 | 1897 | 2947 | 4207 | 5680 | 7370 | 9260 11365 } 13685) 18945 
100 1144 | 2065 | 8208 | 4580 | 6185 | 8322 |10080 119375 | 14895 20625 
120 1332 | 2405 | 387 5332 | 7202 | 9342 |11735 |14410 | 17340 24015 
140 1516 | 2738 | 4254 | 6070 | 8200 |10635 |13365 1 19745} 27340 
160 1696 | 2064 | 4760 | 6794 | 9175 |11900 114955 18355 95 
180 1883 | 3400 | 5283 | 7540 {10180 113250 |16595 20370 | 24520} 33950 
200 2062 | 3724 | 5786 | 8258 111150 114465 118175 |v2310 | 26855 37185 


If we take 30 lbs. of steam per hour, at 100 ibs, gauge-pressure = 1 H.P., 
we have from the above table: 
Diameter, inches... 1 v4 2 Fre 8 34 4 44 5 6 
Horse-power..,.... 9 107 1 206 277 336 412 496 687 


A safety-valve should be capable of discharging a much greater quantity 
of steam than that corresponding to the rated horse-power of a boiler, since 
a boiler having ample grate surface and strong draught may generate more 
than double the paveiy of steam its rating calls for, 

The Consolidated Safety-valve Co.’s circular gives the following rated 
capacity of its nickel-seat “ pop ” safety-valves: 

Size, in ..... 14% 1% 2 38 4 % 5 5 
iene ars 8 10 20 23 % 1 125° 1 175 ~=—-.200 
HP. to 10 15 30 50 7% 100 125 150 175 200 275 


The figures in the lower line from 2inch to 5 inch. inclusiv: correspond to 
the tornitla E.LP. = 50(diameter — 1 inch), ~ 2 : 


a Reais: abet , 
te Jost work im friction amd the cqutwelens lees work due to radis- 
igo 20d boss bees: = * 
_ 92S tke mecbenieel egctvaieas of besa. 


= _ oy + BH + Wg th 
af _—¢.— 24-9. - 2) 
‘ | Apequivaiest fermi, meecing WI, + Lessa = 


Wis . i 
r s=[ we. > z -2-S lee 


~age Wat. — i os 
a a as 

wheel @ = wets of tee SS water at emersiove £,: p — aieoieie 

eS of streams Bes pers mm 

The wale fcc Sedee the prover sectional ares for tbe marrowest part of 

‘See newaies i: Govem 2c inlliossty Becie S Ep “7: 
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ecteney. of the Injector.—Experiments at Cornell University, 
described by Prof, R. ©. Carpenter, in Cassier’s Magazine, Feb. 1892, show 
that the injector, when considered merely as a pump, has an exceedingly 
low efficiency, the duty ranging from 161,000 to 2,752.000 under different cir- 
cumstances of steam and delivery pressure.’ Small direct-acting pumps, 
such as are used for feeding boilers, show a duty of from 4 to 8 
million lbs., and the best pumping-engines from 100 to 140 million. When 
used for feeding water into a boiler, however, the injector has a thermal 
efficiency of 100%, less the trifling loss due to radiation, since all the heat re- 
jected passes into the water which is carried into the boiler, 

The loss of work in the injector due to friction reappears as heat which ig 
carried into the boiler, and the heat which is converted into useful work in 
the injector appears in the boiler as stored-up energy. 

react ce the injector thus has a perfect efficiency as a boiler-feeder, it is 
nevertheless not the most economical means for feeding a boiler, since it 
can draw only cold or moderately warm water, while a pump can feed 
vee Sees has been heated by exhaust steam which would otherwise be 
wasted. 


perature of water, 64°; steam pressure, 65 lbs, 
eet & Budenberg—i gal. water delivered to boile~ for 0.4 to 0.8 Ib. 
steam. 
Tnjector will lift by suction water of 
40° F, 136° to 183° 122° to 118° ~—-:118° to 107° 
If boiler pressure is..30 to 60 lbs. 60 to 90 lbs. 90 to 120 Ibs. 120 to 150 Ibs. 
If the water is not over 80° F., the injector will forces against a pressure 75 
Ibs. higher than that of the steam. z 
Hancock Inspirator Co.: 


nad Hilash 108 Coe percep tien ono 22 22 22 il 
(’ Boiler pressure, absolute, Ibs..... 75.8 54.1 95.5 5.4 
Temperature of suction..... .. .. 34.9° 85.4° 47.3° 53.2° 
Temperature of delivery ......... 134° 117.4° 178,72 131.? 
Water fed per Ib. of steam, Ibs... 11.02 13.67 8.18 13.3 


Boiler-feeding Pumps.—Since the direct-acting pump, commonly | 
used for feeding boilers, has a very low efficiency, or less than one tenth 


ft.-lbs. per min, = 120/33,000 = .0086 H.P., or less than 4/10 of 1% of the 
power exerted by the engine. Ifa direct-acting pump, which discharges its 


oa to nearly 4% of that generated by the boiler. 


steam and power paps and injector, with and without heater, as used 


upon a boiler wit 


10,000,000 ft.-lbs. per 100 Ibs. of coal when no heater is used; the injector 
heating the water from 60° to 150° F. 


Direct-actin ‘pump feeding water at 60°, without a heater........ rece 1.000 
Injector feeding water at 150°, without a heater............... ....... -985 
ination feeding water through a heater in which it is heated from 

ROU SLON COO Crean acces oc east hue ae mijn tatis sci nies wh we ah atica are os 2938 


Direct-acting pump es water through a heater, in which it is 


a) 
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FEED-WATER HEATERS. 


i Percentage of Saving for Each Degree of Increase in Teme 


perature of Feed-water Heated by Waste Steam. 


Pressure of Steam in Boiler, lbs. per sq. in. above 


Initial 
Temp, Atmosphere, Initial 
C0) SS he er Temp. 


eeetete07 | 20; 1408 €0\|- 80:| 100-1 120 | 140 {460 | 180.) 300 


230 |..... - 1039} .1031] .1024] 1018] . 1012] .1010] . 1007] .1003].1001].0999]} 230 
240 |..... -1050}.1041}. 1034] . 1029] .1024] .1620].1017|.1014}.1011|.1009] 240 
250_|.....1.1062/.1052} 1045] . 1040]. 1035] .1031|. 1027] .1025|.1022|.1019] 250 


An approximate rulefor the conditions of ordinary practice is a saving 
of 1% is made by each increase of 11° in the temperature of the feed-water. 
This corresponds to .0909% per degree. 

The calculation of saving is made as follows: Boiler-pressure, 100 Ibs. 
gauge; total heat in steam above 32° = 1185 B.T.U. Feed-water, original 
temperature 60°, final temperature 209° F, Increase in heat-units, 150. 
Heat-units above 82° in feed-water of original temperature = 28. Heat- 
units in steam above that in cold feed-water, 1185 — 28 = 1157. Savin, by the 
feed-water heater = 150/1157 = 12.96%. The same result is obtaine by the 
use of the table. Increase in temperature 150° x tabular figure .0864 = 
12.96%. Let total heat of 11b. of steam at the boiler-pressure = H; total 
heat of 1 lb. of feed-water before entering the heater = h,, and ers ned 

;, te — 
ing through the heater = hg; then the saving made by the heater is ee "i 
ES pes 

Strains Caused by Cold Feed-water.—A calculation is made 
in The Locomotive of March, 1893, of the possible strains caused in the sec- 
tion of the shell of a boiler by cooling it by the injection of cold feed-water. ' 
Assuming the plate to be cooled 200° F., and the coefficient of expansion of 
steel to be .0000067 per degree, a strip 10 in. Jong would contract .018 in., if it 
were free to contract, To resist this contraction, assu ming that the strip is 
firmly held at the ends and that the modulus of elasticity is 29,000,000, would 
require a force of 37,700 lbs. per sq. in. Of course this amount of strain can- 
not actually take place, since the strip is not firmly held at the ends, but is 
allowed to contract to some extent by the elasticity of the surrounding 
metal. But, says The Locomotive, we may feel pretty confident that in the 
case considered a longitudinal strain of somewhere in the neighborhood of 
8000 or 10,000 lbs. per sq. in. may be produced by the feed-water striking 
eecuy upon the plates; and this, in addition to the normal strain pro- 
duced by the steam-pressure, is quite enough to tax the girth-seams beyond 
their elastic limit, if the feed-pipe discharges ea near them. Hence 
it is not surprising that the girth-seams develop leaks and cracks in 99 
peek out of every 100 in which the feed discharges directly upon the fire- 

ee) 
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STEAM SEPABATORS, 


pine Soeieg St 2 ee ees in a pipe has its direetion sud~ 

“emiy chased, the particle: of water are their momentum projected in 
their original direction Se er ee Ce ee 

ich & i Bees proper provision 
eaerlncdak eee Steam may dried to a 


Eoticiency or Seeman Separators.—Prof. R. ©. Carpenter, in 189t, 
made 2 series of tests of six steam toca aaiecenrn, furnishing them with steam 
i Ee kn percentages of moisture. and testing the quality of 
4 steam emiermg and after passing the separator. A condensed table 
? of the principal resulis is given below. 
Test with Steam of about 10% of 
Moisuure. 


Tests with Varying Moisture. 


Make of 
Separator, 


rad et» bo 


aoe Although change direction Teer seth pie A and perhaps Soci et 
are hecessary for separation, still some means nrust Ovi 

to lead the water out of the current of the steam. , 

et Ge ne ee ae ee ee feature. 
in B the imterjor surfaces are are corrugated and thus catch the water thrown 
(et of the steam and readily lead it to the bottom. 

s00n as ths waiter falls or is precipitated from the steam, if comes 

im contact with the perforated diaphragm through which it runs into the 
space below, where it is not subjected to the action of the steam. 

ae eee ey ee Carpenter on a * Stratton” separator in 1894 
showed that the moicture in the steam leaving the separator was less than 
1¢ when that in the steam supplied ranged from 64 to 212. 


In all pose Tage te is important to ascertain the quality of the steam, 
py or ist, ee fe Steam is “‘safurated* or contams the quantity 
« of heat due to the pressure according to standard experiments; 2d, whether 
' the ity of heat is deficient, so that the steam is wet; and 3d. whether 
ee ee ee ae 

inin; Steam tediy t employ: @ com- 
mittee ae wate the boilers at the American Institute Exhibition of 


the condenser; but this plan Arse always be far ty 
A for this method is the barrel calorimeter, which with careful ° 
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Previded with a cock or valve for allowing the water to flow waste, and 
‘With a small propeller for stirring the pene = = 
Dieter dave an ectamet rc er ne kee oe ae 
a e OTR 3 
n re as = through eutside the barre] 


7 VW 
he calculation of the percentaze of moisture is made as below: 
@=5+,[2@:-m-@-a]. 
= . dry saturated steam being unity. 
= total heat of i Ib. of steam at the observed pressure. 
=* “ “= “ “ water at the temperature of steam of the ob- 
‘ Served pressure. 
= or ‘a = iz condensing water, i; 


3, = s 
WF = weight of condensing water, corrected for water-equivalent of the 
= 


= Weight of the steam condensed. 
}  Pereentaze of moisture = 1 — @ 
4, §6FQs er than unity, the steam is superheated, and the dezrees of 
3 ine = 2.0833 (H — T}(@ — 
 _ Difficulty cf O = a Correct Sample.—Recent experiments 
) by Prof D_S_ Jacobus, Trans. A. S. ME xvi. 1017, show that it is practi- 
iy impossible to obtain a true average sample of the steam flowing ina 
_ pipe. te acne app omena yay crab ego ree masa 


© a caborimeter teat made of th: steam just after #t has pasucd the . 
5 “Soa Calerimeters,—instead of the open barrel in which the steam 


an a 
A ne tee barrel, tho water im coil and letrel 


: @ coil acting as may be used, which is 
: ; and E Weighed separately. 
- ee oe of this Kind designed by the author, which 
_ be has found to give S with a error not exceeding Ig per cent 
ie See Trans. A.S._M.E, vi23{ This i may used 


) continuously, if desired, instead of intermitientiy. In this ease a coat 
_ , Gas flow of condensing water into and out of the barrel must be established, 
| * @nd the temperature of inflow and outflow and ef the condensed steam 
)) xe at short ictervals of time. 
Calorimeter.—for percentages of moisture not ex- 
ceeding 3 per cent the throttling calorimeter is most usefal and convenient 
' and remarkably accurate. In this instrument the steam which reaches i 
_ ins iéinch pipe is throttled by an orifiee 1/16 inch diameter, Opening into a 


@hamber which has an outlet to the S The Steam in this cham- 
ber bss its re reduced nearly or to the of the atmes- 
but totel heat in the steam Causes the steam in 
chamber to be superheated more er less ine to whether the 


Steam before throttling was dry or contained moisture. The only observa- 
ons required are those of the temperature and pressure of the steam on 
| @ach side of the orifice. 2 

The suthor’s formula for reducing the observations of the throttling 
) eelotimeter Ss as follows (Experiments on Throttling Calorimeters, 1m. 


| im the main pi ;& = total heat due the pressure im the discharge Side of 
‘ i the calorimeter, = 1146 6 at atmespherie pressure: K= specific heat of su- 
ee eee micawn; T— tempera the throttled and snperheared steam 
- the calorimeter: f= temperaiure due the pressure in the calorimeter,_ 
> = 21 at atmospheric pressure. . : te 
Taking X at 0.45 and the pressure in the discharge side of the calorimeter 
_ @S atmospheric pressure, the formula becomes 


“we = 100 oe SE —— 212) 
From this formuls the following table is calculsted : 
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MoIstTurE IN STEAM—DETERMINATIONS BY THROTTLING CALORIMETER, 


6 2 
2: Gauge-pressures. 
a we 
sae 5 | 10 | 20 | 80 | 40 | 50 | 60 | 70 | 75 | 80 | 85 | 90 
o 8! 

oak 

y Per Cent of Moisture in Steam. 
a 

0° -90} 3.24 3.71) 3.86) 3.99} 4.13 
10° -36) 2.71 3.17] 3.82] 8.45] 3.58 
ale a ol RR eRe -83] 2.17) 2.63] 2.77] 2.90] 3.03 
BOP Mestae lbiae cn -30} 1.64 2.09} 2.23] 2.85) 2.49 
40° -77| 1.10 1.55} 1.69] 1.80) 1.94 
le 1s) (ERS Ree ee 24) .57 1.01) 1.15] 1.26) 1.40 
60° 03 -47| £60) .72 85 
VLU Ae a Py Sm) POR cn ti fc 35 IP AAD, jak ES Ren VA sla O68} 21%, +31 
Dif. p.dez! 05031 .0507|.0515| .0: 0541] .0542!. 


J 

Sumo: Gauge-pressures. 

ees 

CBt 100 | s10| 120 | 190 | 40 150 | 160 | 170 180 | 100 | 20 | 280 
Ooo 

£an 

g Per Cent of Moisture in Steam, 

oe 4.39 4.63) 4.85] 5.08) 5.29) 5.49) 5.68) 5.87) 6.05] 6.22] 6.39) 7.16 

10° 3.84 4.08) 4.29) 4.52) 4.73] 4.93) 5.12) 5.30) 5.48] 5.65] 5.82] 6.58 
20° 8.29 3.52) 3.74) 3.96) 4.17] 4.37) 4.56] 4.74] 4.91] 5.08] 5.25] 6.00 
30° 2.74) 2.97) 3.18) 3.41) 3.61] 3.80] 3.99] 4.17] 4.34] 4.51] 4.67] 5.41 
40° 2.19) 2,42) 2.63] 2.85] 8.05] 3.24) 3.43] 3.61] 3.78] 3.94] 4.10] 4.83 
50° 1.64) 1.87/ 2.08) 2.29] 2.49] 2.68] 2.87] 3.04] 3.21] 3.37] 3.58] 4.25 
60° 1.09) 1.32) 1.52] 1.74] 1.93] 2.12] 2.30] 2.48} 2.64] 2.80] 2.96] 3.67 
70° +55) .77| 97) 1.18] 1.38] 1.56] 1.74) 1.91] 2.07] 2.23] 2.38] 3.09 
80° +00) .22) .42) 163) .82) 1.00] 1.18] 1.34] 1.50] 1.66] 1.81] 2.51 
go° ve eleceee[ec-ee] O07] 126] 44) 161] .78] .94! 1.09] 1.24] 1.93 
DOO er. | vs fae tess eNieena este 4 -05} 21) 87] .52] 67] 1.34 
NOT Be Ls cies | cs aoa| meme ieee ees eee ere ad eee ah ache LU -76 

Dif.p.deg| 0549] .0551 0554 0556 0559 -0561} .0564] .0566] .0568! .0570| .0572| .0581 


Separating Calorimeters.—For percentages of moisture beyond 
the range of the throttling calorimeter the separating calorimeter is used 
which is simply a steam separator on a small scale. An improved form of 
this calorimeter is described by Prof. Carpenter in Power, Feb. 1893. 

For fuller information on various kinds of calorimeters, see papers by 
Prof. Peabody, Prof. Carpenter, and Mr. Barrus in Trans. A. S. M. E., vols, 
x, xi, xii, 1889 to 1891; Appendix to Report of Com. on Boiler Tests, 
A. S. M. E., vol. vi, 1884; Circular of Schaeffer & Budenberg, N. Y., ‘Calo- 
rimeters, Throttling and Separating,’’ 1894. 

Identification of Dry Steam by Appearance of a Jet.— 
Prof. Denton (Trans. A. S. M: E., vol. x.) found that jets of steam show un-— 
mistakable change of appearance to the eye when steam varies less than 1% 
—_ the condition of saturation either in the direction of wetness or super- 

eating. 

Ifa jet of steam flow from a boiler into the atmosphere under circumstances 
such that very little loss of heat occurs through radiation, ete., and the jet 
be transparent close to the orifice, or be even a grayish-white color, the 
steam may be assumed to be so nearly dry that no portable condensing 
calorimeter will be capable of measuring the 4 nount of water in the steam. 
If the jet be strongly white. the amount of water may be roughly judged up 
to about 2%, but beyond this a calorimeter only can determine the exact 
amount of moisture, 
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_ A common brass pet-cock may be used as an orifice, but it should, if possi- 


ble, be set into the steam-drum of the boiler and never be placed further 
away from the latter than 4 feet, and then only when the intermediate reser- 

_ voir or pipe is well covered. 
Usual Amount of Moisture in Steam Escaping from a 
Boiler.—In the common forms of horizontal tubular land boilers and 


_ water-tube boilers with ample horizontal drums, and supplied with water 


free from substances likely to cause foaming, the moisture in the steam 
does not generally exceed 2% unless the boiler is overdriven or the water- 
level is carried too high. 


CHIMNEYS. 


Chimney Draught Wheory.—The commonly accepted theory of 
chimney draught, based on Peclet’s and Rankine’s hypotheses (see Rankine, 
8. E.), is discussed by Prof. De Volson Wood in Trans. A. &. M. E., vol. xi. 
Peclet represented the law of draught by the formula 


n=F(a+e+%), 


_ in which h is the “head,” defined as such a height of hot gases as, if added 


to the column of gases in the chimney, would produce the 
same pressure at the furnace as a column of outside air, of the 
Same area of base, and a height equal to that of the chimney; 

wis the required velocity of gases in the chimney; 

Ga constant to represent the resistance to the passage of air 
through the coal; 

I the length of the flues and chimney; “ 

m the mean hydraulic depth or the area of a cross-section divi- 
ded by the perimeter; ; 

J a constant depending upon the nature of the surfaces over which 
the gases pass, whether smooth, or sooty and rough. 


Rankine’s formula (Steam Engine, p. 288), derived by giving certain values 
to the constants (so-called) in Peclet’s formula, is 


‘ = 
*, A a( 0.084 ) 


i 


in which H = the height of the chimney in feet; We 
7) = 493° F., absolute (temperatura of melting ice); 
T, = absolute temperature of the gases in the chimney; 
7 = absolute temperature of the external air. 


Prof. Wood derives from this a still more complex formula which gives 
the height of chimney required for burning a given quantity of coal per 
Second, and from it he calculates the following table, showing the height of 
chimney required to burn respectively 24, 20, and 16 lbs, of coal per square 
foot of grate per hour, for the several temperatures of the chimney gases 
given. 


; Chimney Gas. Coal per sq. ft. of grate per hour, lbs, 
- Outside Air. 0 
- ag Temp. 24 2 16 
Absolute, Fahr. Height H, feet, Le 


520° 700 239 250.9 157.6 
absolute or 800 839 172.4 115.8 
jo 1 
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Rankine’s formula gives a maximum draught when 7 = 2 1/12r,, or 622° F, 
when the outside temperature is 60°, Prof. Wood says: ‘‘ This’ result is no 
a fixed value, but departures from theory in practice do not affect the result 
largely. There is, then, in a properly constructed chimney, properly work- 
ing,a peta patel giving a maximum draught,* and that temperature is not 
far from the value given by Rankine, although in special cases it may be 50° 
or 75° more or less,’ 

All attempts to base a practical formula for chimneys upon the theoret- 
ical formula of Peclet and Rankine have failed on account of the impos- 
sibility of assigning correct values to the so-called ** constants” G and f. 
(See Trans. A, S. M. E., xi. 984.) 

Force or Intensity of Draught.—The force of the draught is equal 
to the difference between the weight of the column of hot gases inside of the 
chimney and the weight of a column of the external air of the same height. 
It is measured by a draught-gauge, usually a U-tube partly filled with water, 
one leg connected by a pipe to the interior of the flue, and the other open to 
the external air. 

If D is the density of the air outside, d the density of the hot gas inside, 
in lbs. per cubic foot, h the height of the chimney in feet, and .192 the factor 
for converting pressure in Ibs, per sq. ft. into inches of water column, then 
the formula for the force of draught expressed in inches of water is, 


F = .192h(D — d), 
The density varies with the absolute temperature (see Rankine). 


d =~ 0.084; D = 0.0807 ~, 
™1 72 


where 7 is the absolute temperature at 32° F., = 493., 7, the absolute tem- 
perature of the chimney gases and rz that of the external air, Substituting 
these values the formula for force of draught becomes 
ris .192n( 22-79 asa Ss ies xt cl 
72 T, 7) Ty 

To find the maximum intensity of draught for any given chimney, the 
heated column being’ 600° F., and the external air 60°, multiply the height 
above grate in feet by .0073, and the product is the draught in inches of water, 


Height of Water Column Due to Unbalanced Pressure in 
Chimney 100 Feet High. (The Locomotive, 1884.) 


Temperature of the External Air—Barometer, 14.7 Ibs. per sq. in. 


0° 10° | 20° | 80° | 40° | 50° | Go° | 70° | 80° | 90° | 100° 


500 | .829 | .791 | .760 | '730 | ‘607 | :669 | 1639 | :610 | -586 | 2559 | 1534 


* Mucn confusion to students of the theory of chimneys has resulted from 
their understanding the words maximum draught to mean maximum inten- 
sity or pressure of draught, as measured by a draught-gauge, It here means 
maximum quantity or welght of gases passed up the chimney, The maxi- 
mum intensity is found only with maximum temperature, but after the 
temperature reaches about 622° F. the density of the gas decreases more 
rapidly than its velocity increases, so that the weight is a maximum about 
622° F., as shown by Rankine.—W, K, : 
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_. For any other height of chimney than 100 ft. the height of water-column 
is found by simple peponon, the height of water colamn being directly 
' proportioned to the height of chimney. 

The calculations have been made for a chimney 100 ft. high, with various 
temperatures outside and inside of the flue, and on the supposition that the 
temperature of the chimney is uniform from top to bottom. This is the 
basis on which all calculations respecting the draught-power of chimneys 
have been made by Rankine and other writers, but it is very far from the 
truth in most cases. The difference will be shown by comparing the read- 
ing of the draught-gauge with the table given. In one case a chimney 122 ft, 
high showed a temperature at the base of 320°, and at the top of 230°, 

_ Box, in his “ Treatise on Heat,” gives the following table: 


Dravugur Powmrs or OHIMNEYS, ETC., WITH THE INTERNAL Arr AT 552°, AnD 
THE EXTERNAL AIR AT 62°, AND WITH THE DAMPER NEARLY CLOSED. 


‘| 


a8 g .. | Theoretical Velocity] 5 2. | Theoretical Velocity 
= bs = ‘5. | in feet per second. be Se ae 5 | in feet per second. 
os ES Sr S Sao cc | 
Ry & we D ke . 
“eE~ | BSE | cold air | Hot air] 32% | £8? | cota air | wot air 
as As © | Entering. | at Exit. | HS As © | Entering. | at Exit. 
10 073 17.8 35.6 80 585 50.6 101.2 
20 146 25.3 50.6 10 657 53.7 107.4 
30 219 31.0 62.0 100 730 56.5 113.0 
40 #292 35.7 71.4 120 Yi 62.0 124.0 
50 +865 40.0 80.0 150 1.095 69.3 138.6 
60 0438 43.8 7 6 175 1.277 74.3 149.6 
511 47.3 94.6 200 1.460 80.0 160.0 


Rate of Combustion Due to Height of Chimney,— 
Trowbridge’s ‘‘Heat and Heat Engines”’ gives the following table showing 
the heights of chimney for producing certain rates of combustion per sq. 
ft. of section of the chimney, It may be approximately true for anthracite 
in moderate and large sizes, but greater heights than are ede in the table 

are needed to secure the given rates of combustion with small sizes of 
anthracite, and for bituminous coal smaller heights will suffice if the coal 
‘is reasonably free from ash—5¢ or less. 


: Lbs. of Coal 
Lbs. of Coal} Burned per 

Burned per | Sq. Ft. of 

Heights | Hour per Grate, the 


Lbs. of Coal 
Lbs. of Coal} Burned per 
Burned per | Sq. Ft. of 
Heights shai Grate, the 
n 


in Sq. Ft. Ratio of i gq. Ft. Ratio of 
feet. of Section |Grate to Sec-] feet. of Section |Grate to Sec- 
of tion of of tion of 
Chimney. | Chimney be- Chimney. | Chimney be- 
ing 8 to 1. | ing 8 to 1. 
6 7.5 126 15.8 
F 25 68 8.5 131 16.4 
: 30. %% 9.5 135 16.9 
35 84 10.5 139 17.4 
40 93 11.6 144 18.0 
45 99 12.4 148 18.5 
50 105 13.1 152 19.0 
55 111 13.8 156 19.5 
60 116 14.5 160 20: 0 


PPO al at eee Ts 

Thurston’s rule for rate of combustion effected by a given height of chim- 
ney (Trans. A. S. M. E., xi. 991) is: Subtract 1 from twice the square root of _. 

_the height, and the result is the rate of combustion in pounds per square foot 


of grate per hour, for anthracite, Or rate = 2/h—4, in which h is the 
_ height in feet. This rule gives the following: 

be h= 60 60 10 80 90 100 110 125 150 175 200 
“ty Vh—1=18.14 14.49 15.73 16.89 17.97 19 19.97 21.86 23.49 25.45 27.28 
% 


The results agree closely with Trowbridge’s table given above. In prac- 
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tice the high vavey St cSmbustion for high chimneys abe by 'the formula 
are not generally obtained, for the reason that with high chimneys there are 
usually long horizontal flues, serving many boilers, and the friction and the 
interference of currents from the several boilers are apt to cause the inten- 
sity of draught in the branch flues eae to each boiler to be much iess 
than that at the base of the chimney. The draught of each boiler is also 
usually restricted by a damper and by bends in the gas-passages, In a bat- 
tery of several boilers connected to a chimney 150 ft. high, the author found 
a draught of 34-inch water-column at the boiler nearest the chimney, and 
only 44-inch at the boiler farthest away. The first boiler was wasting fuel 
from too high pempererare of the chimney-gases, 900°, having too large a 
grate-surface for the draught, and the last boiler was working below its 
rated capacity and with poor economy, on account of insufficient draught. 
The effect of changing the length of the flue leading into a chimney 60 ft. 
high and 2 ft. 9 in. square is given in the following table, from Box on 
Heat’: 


Penem oF ele in Horse-power, Tenem er ait in Horse-power. 
50 107.6 800 56.1 
100 100.0 1,000 51.4 
200 85.3 1,500 43.3 
400 70.8 2,000 88.2: 
600 62.5 38,000 31.7 
eS eR ee 


The temperature of the gases in this chimney was assumed to be 552° FE. 

and that of the atmosphere 62°. s 

ih Chimneys not Necessary.—Chimneys above 150 ft. in height 
are very costly, and their increased cost is rarely justified by increased ef, 
ficiency. In recent practice it has become somewhat common to build two or 
more smaller chimneys instead of one large one. A notable example is the 
Spreckels Sant Refinery in Philadelphia, where three separate chimneys are 
used for one boiler-plant of 7500 H.P, The three chimneys are said to have 
cost several thousand dollars less than a single chimney of their combined 
capacity would have cost. Very tall chimneys have been characterized by 
one writer as ‘monuments to the folly of their builders.” 

Heights of Chimney required for Different Fuels.—The 
minimum height necessary varies with the fuel, wood requiring the least, 
then good bituminous coal, and fine sizes of anthracite the greatest. bs 
also varies with the character of the boiler—the smaller and more cireuitoug 
the gas-passages the higher the stack required; also with the number of 
boilers, a single boiler requiring less height than several that discharge 
into a horizontal flue. No general rule can be given. 
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The formula given below, and the table calculated therefrom for chimneys 
up to 96 in, diameter and 200 ft. high, were first published by the author 
in 1884 (Trans. A.S. M. E. vi., 81). They have met with much approval 
since that date by engineers who have used them, and have been fr uently zx 
published in boiler-makers’ catalogues and elsewhere. The table is now 
extended to cover chimneys up to 12 ft. diameter and 300 ft. high. The sizes 
corresponding to the given commercial horse-powers are believed to be 
ample for all cases in which the draught areas through the boiler-flues and 
connections are sufficient, say not less than 20% greater than the area of the | 
chimney, and in which the draught between the boilers and chimney is not 
checke by long horizontal passages and right-angled bends. 

Note that the figures in the table correspond to a coal consumption of 5 lbs. 
of coal per horse-power per hour. This liberal allowance is made to cover © 
the contingencies of poor coal being used, and of the boilers being driven | 
beyond their rated capacity. In large plants, with economical boilers and 
engines, good fuel and other favorable conditions, which will reduce the 
maximum rate of coal consumption at any one time to less than 5 Ibs. per 
H. P. per hour, the figures in the table may be multiplied by the ratio of 5 to 
the maximum expected coal consumption per H.P. per hour. Thus, with 
conditions which make the maximum coal conmuip sion only 2.5 Ibs, per 
hour, the chimney 300 ft. mie x_12 ft. diameter should be sufficient for 6155 
% 2 = 12,310 horse-power. The formula is based on the following data; 
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1. The draught power of the chimney varies as the squate root of the 
height. x 

2° The retarding of the ascending gases by friction may be considered as 
equivalent to a diminution of the area of the chimney, or to a lining of the 
chimney by a layer of gas which bas no velocity. The thickness of this 
lining is assumed tc be 2 inches for all chimneys, or the diminution of area 
equal to the perimeter < 2 inches (neglecting the crerlaes of the corners 
of the lining). Let D = diameter in feet, 4 = area, and H = effective area 
in square feet, 


Nee 
For square chimneys, E = D2? — 82 =A-— 3 WV A, 


12 


For simplifying calculations, the coefficient of 4/A may be taken as 0.6 
for both square and rourd chimneys, and the formula becomes 


E=A—06 VA. 


3. The power varies directly as this effective area E. bb R 

4. A chimney should be proportioned so as to be capable of giving sufficient 
draught to cause the boiler to develop much more than its rated power, in 
case of emergencies, or to cause the combustion of 5 lbs. of fuel per rated 
horse-power of boiler per hour. . 

5. The power of the chimney varying directly as the effective area, E, and 
as the square root of the height, H, the formula for horse-power of boiler for 
a given size of chimney will take the form H.P. = CE WH, in which C is a 
constant, the average value of which, obtained by plotting the results 
obtained from numerous examples in practice, the author finds to be 3.33. 

The formula for horse-power then is 


HP. = 3.330 7H, or H.P. = 3.33(4 — .6 /A) WH. 


If the horse-power of boiler is given, to find the size of chimney, the height 
being assumed, ; 


For round chimeys, H= 7 (» — =) = A — 0,591 VA. 


E=0.8H.P.+VH.; =A -0.6VA. 
For rouad chimneys, diameter of chimney = diam. of H+ 4. 


For square chimneys, side of chimney = VE +4”. 
if effective area His taken in square feet, the diameter in inches is d= 


13.54 /E+-4”, and the side of a square chimney in inches is s = 12 //B-+-4”, 


2 
If horse-power is given and area assumed, the height H = (ex = EY . 
In proportioning chimneys the height is generally first assumed, with due 
consideration to the heights of surrounding buildings or hills near to the 
Maso chimney, the length of horizontal flues, the Character of coal to be 
used, ete.,, and then the diameter required for the assumed height. and 
horse-power is calculated by the formula or taken from the table. 
An approximate formula for chimneys above 1000 H.P, is H.P. = 


og D® VH. This gives the H.P. somewhat greater than the figures in the 
0; 


The Protection of Yall Chimney-shafts from Lightning. 
—C. Molyneux and J. M. Wood (Industries, March 28, 1890) recommend for 
tall chimneys the use of a coronal or heavy band at the top of the chimney, 
with copper points 1 ft. in height at intervals of 2 ft. throughout the cireum- 
ference. The points should be gilded to prevent oxidation. The most ap- | 
proved form of conductor is a copper tape about 34 in. by } in. thic sh 
weighing 6 ozs. per ft. If iron is used it should weigh not less than 2144 lbs. 
per ft. There must be no insulation, and the copper tape should be fastened 
to the chimney with holdfasts of the same material, to prevent voltaic 
action. An allowance for expansion and contraction should be made, say 1 
in. in40ft. Slight bends in the tape, not too abrupt, answer the purpose, 
For an earth terminal a plate of metal at least 3 ft. Sq. and 1/16 in. thick 
should be buried as deep as possible in a damp spot. The Dit should be of 
the same metal as the conductor, to which it should be s dered. The best 
earth terminal is water, and when a deep well or other large body of water 
is at hand, the conductor should be carried down into it. Right-angled 
bends in the conductor should be avoided. No bend in it should be over 30° 
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Some Tall Brick Chimneys, 


FI Outside Copeels by the 
= Diameter, Formula. 
3 3 Pounds 
a gE ; : Coal 
2 i) 2 4 | aOR per 
ss] 4 (3 = hour. 
_ 1. Hallsbriickner Hiitte, Sax.| 460 15.7” 83’ 16’ | 13,221 | 66,105 
_ 2. Townsend’s, Glasgow... ... 6 a TU a ee 82 
8, Tennant’s, Glasgow........ 435 13/ 6” 40 9,795 | 48,975 
_ 4, Dobson & Barlow, Bolton,| 
4 MIMSY corey cate ck as 22S 36716] 13’ 2” 133/107 8,245 | 41,225 
- 5. Fall River Iron Co., Boston| 350 11 380 21 5,558 | 27,790 
6. Clark Thread Co., Newark, 
Nites teed oe se tinn checree 835 11 28’ 6/7) 14 5,435 | 27,975 
7. Merrimac Mil)s, Low’, Mass|282/9/” 12 5,980 | 29,900 
8. Washington Mills, Law- { 
rence; Mass... ... 2.) ins 250 10 i 8,839 | 19,195 
9. Amoskeag Mills, Manches- 
INAGH (ci hiss se hak pe 10 8,839 | 19,195 
ttapees 14 7,515 | 37,575 
8 2,248 | 11,240 
i saic, N. J 00 9 2,771 | 13,855 
_ 13. Edison Sta,B’klyn,Twoe’ch] 150 150 x 120/ each] 1,541 7,705 


_ _Notrs on THe Anove Cuimneys.—i1, This chimney is situated near 
_ Freiberg, on the right bank of the Mulde, at an elevation of 219 feet above 
that of the foundry works, so that its total height above the sea will be 71184 
_ feet. The works are situated on the bank of the river, and the furnace- 
_ gases are conveyed across the river to the chimney on a bridge, through a 
a 3227 feet in length. It is built throughout of brick, and will cost about 
3 0,000.— Mfr, ee Bildr. . 
z 2. Owing to the fact that it was struck by lightning, and somewhat 
_ damaged, as a precautionary measure a copper extension subsequently was 
_ added to it, making its entire height 488 feet. 
t 1, 2, 3, and 4 were built of these great heights to remove deleterious 
gases from the neighborhood, as well as for draught for boilers. 
5. The structure rests on a solid granite foundation, 55 x 30 feet, and 
' 16 feet deep. In its construction there were used 1,700,000 bricks, 2000 tons 
of stone, 2000 barrels of mortar, 1000 loads of sand, 1000 barrels of Portland 
cement, and the estimated cost is $40,000. It is arranged for two flues, 9 


connection with four triple-expansion engines of 1350 horse-power each, 
has a uniform batter of 2,85 inches to every 10 feet. Designed 
for 21 boilers of 200 H. P. each. It is surmounted by a east-iron cop- 
ing which weighs six tons, and is composed of thirty-two sections, 
which are bolted together by inside flanges, so as to present a smooth 
exterior. The foundation is in concrete, composed of erushed lime- 
_ stone 6 parts, sand 3 parts, and Portland cement 1 part, It is 40 feet 
_. square and 5 feet deep. Two qualities of brick were used; the. outer 
portions were of the first quality North River, and the backing up was of 
good quality New Jersey brick. Every ae UH feet in vertical measurement 
an iron ring, 4 inches wide and % to W%ine thick, placed edgewise, was 
built into the walls about 8 inches from the outer circle, As the chimney 
starts from the base it is double. The outer wall is 5 feet 2 inches in thick- 
- ness, and inside of this is a second wall 20 inches thick and spaced off about 
20 inches from main wall. From the interior surface of the main wall eight 
buttresses are carried, nearly touching this inner or main flue wall in 
order to keep it in line should it tend to sag. The interior wall, Heese 

with the thickness described, is gradually reduced untii a height of abou 


90 feet is reached, when it is diminished to Sinches, At 165 feet it ceases, 


feet 6 inches by 6 feet, connecting with 40 boilers, which are to be run in f 
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and the rest of the chimney is without lining. The total weight'of the chim: 
ney and foundation is 5000 tons, It was complated in September, 1888, 

a Acer . 12 boilers, with 1200 square feet of grate-surface. Draught- 

auge 1 9/16 inches. 
et ees to 8 boilers, 6’ 8 diameter x 18 feet. Grate-surface 448 
square feet. 

9. Connected to 64 Manning vertical boilers, total grate surface 1810 sq. ft. 
Designed to burn 18,000 Ibs. anthracite per hour. 

10. Designed for 12,000 H.P, of engines; (compound condensing). 

11. Grate-surface 434 square feet; H.P. of boilers (Galloway) about 2500, 

13. Eight boilers (water-tube) each 450 H.P.;12 engines, each 300H.P. Plant 
designed for 86,000 incandescent lights, For the first’ 60 feet the exterior 
wall is 28 inches thick, then 24 inches for 20 feet, 20 inches for 80 feet, 16 
inches for 20 feet, and 12 inches for 20 feet. -The interior wall is 9 inches 
thick of fire-brick for 50 feet, and then 8 inches thick of red brick for the 
next 30 feet. Illustrated in Iron Age, January 2, 1890. 

A number of the above chimneys are illustrated in Power, Dec., 1890, 

Chimney at Knoxville, Tenn., illustrated in Eng’g News, Nov. 2, 1898, | 
6 feet diameter, 120 feet high, double wall: 


Exterior wall, height 20 feet, 30 feet, 80 feet, 40 feets 
& “ thickness 2114 in., 17in., 13 in,, 8 $ 
Interior wall, height 85  ft., 85ft., 29 ft., 21 f6.3 
gs “* — thickness 1844 in., 814 in., 4 in., 0, 


Exterior diameter, 15’ 6” at bottom ; batter, 7/16 inch in 12 inches from bote 
tom to 8 feet from top. Interior diameter o inside wall, 6 feet uniform to 
top of interior wall. Space between walls, 16 inches at bottom, diminishing 
to 0 at top of interior wall. The interior wall is of red brick except a lining 
of 4 inches of fire-brick for 20 feet from bottom. 

Stability of bpresrrey fa eager he must be designed to resist the 
maximum force of the wind in the locality in which they are built, (see 
Weak Chimneys, below). A general rule for diameter of base, of brick 
chimneys, approved by many years of practice in England and the United 
States, is to make the diameter of the base one tenth of the height. If the 
chimney is square or rectangular, make the diameter of the inscribed circle 
of the base one tenth of the height. The “batter” or taper of a Rae 
should be from es to 4% inch to the foot on each side. The brickwor 
should be one brick (8 or 9 inches) thick for the first 25 feet from the top, in- 
creasing 8 brick (4 or 444 inches) for each 25 feet from the top downwards, 
If the inside diameter exceed 5 feet, the top length should be 1% bricks; and 
if under 8 feet, it may be Ff brick for ten feet, 

(From The Locomotive, 1884 and 1886.) For chimneys of four feet in diam- 
eter and one hundred feet high, and upwards, the best form is circular, with 
a straight batter on the outside. <A circular c imney of this size, in addition 
to being cheaper than any other form, is lighter, stronger, and looks much 
better and more shapely. 

Chimneys of any considerable height are not built up of uniform thickness 
from top to bottom, nor with a uniformly varying thickness of wall, but the 

. wall, heaviest of course at the base, is reduced by a series of Steps. 

Where practicable the load on a chimney foundation should not exceed two 
tons per square foot in compact sand, gravel, orloam, Where a solid rock- 
bottom is available for foundation, the load may be greatly increased. . If 
the rock is sloping, all unsound portions should be removed, and the face 
dressed to a series of horizontal steps, so that there shall be no tendency to 
slide after the structure is finished. 

All boiler-chimneys of any considerable size should consist of an outer 

ack of sufficient strength to give stability to the structure, and an inner 
stack or core independent of the outer one. This core is by many engineers 
extended up to a height of but 50 or 60 feet from the base of the chimney, 
but the Stee eta is to run it up the whole height of the chimney; it 
may be stopped off, say, a couple feet below the top, and the outer shell cone 
tracted to the area of the core, but the better way is to run it up to about 8 
or 12 inches of the top and not contract the outer shell. But under ne cire 
cumstances should the core at its upper end be built into or connected with 
the outei' stack. This has been done in several instances by bricklayers, and 
the result has been the expansion of the inner core whic lifted the top of 
the outer stack squarely up and creéked the brickwork. 

For a height of 100 feet we would make the outer shell in three steps, the 
first 20 feet high, 16 inches thick, the second 80 feet high, 12 inches thick, the 
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third 50 feet high and 8 inches thick. These are the minimum thicknesses 
admissible for chimneys of this height, and the batter should be not less 
than 1 in 36 to give stability. The core should also be built in three steps, 
each of which may be about one-third the height of the chimney, the lowest 
12 inches, the middle 8 inches, and the upper step 4 inches thick. This will 
insure a good sound core. The top of a chimney may be protected by a 
cast-iron cap; or perhaps a cheaper and equally good plan is to lay the 
pesanental part in some good cement, and plaster the top with the same 
~ material. 

Weak Chimmeys.—James B. Francis, in a report to the Lawrence 
_ Mfg. Co. in 1873 (Zng’g News, Aug. 28, 1880), gives some calculations con- 
. cerning the probable effects of wind on that company’s chimney as then 
- constructed. Its outer shell is octagonal, The inner shell is cylindrical, 
with an air-space between it and the outer shell; the two shells not being 
_ bonded together, except at the openings at the base, but with projections in 
_ the brickwork, at intervals of about 20 ft. in height, to afford lateral sup- 
port by contact of the twoshells, The principal dimensions of the chimney 
_ are as follows: 


Diameter of the inscribed circle of the octagon near the top.... 10 ft. 144 in, 
Thickness of the outer shell near the base, 6 bricks, or , 23144 in, 
Thickness of the outer shell near the top, 3 bricks, or.. eqay dey oe 
Thickness of the inner shell near the base, 4 bricks, or.......... 15 “* 


' Thickness of the inner shell near the top, 1 brick, or ........... 834 “* 
One tenth of the height for the diameter of the base is the rule commonly 


a adopted. The diameter of the inscribed circle of the base of the Lawrence 


Manufacturing Company’s chimney being 15 ft., it is evidently much less 
than is usual in a chimney of that height. 

Soon after the chimney was built, and before the mortar had hardened, it 
was found that the top had swayed over about 29 in. toward the east. This 
- was evidently due to a strong westerly wind which occurred at that time. 
It was soon brought back to the perpendicular by sawing into some of the 
joints, and other means. F Fs 

The stability of the chimney to resist the force of the wind depends mainly 
on the weight of its outer shell, and the width of its base. The cohesion of 
the mortar may add considerably to its strength; but it is too uncertain to 
be relied upon. The inner shell will add a little to the stability, but it may 
be cracked by the heat, and its beneficial effect, if any, is too uncertain to 
be taken into account. 

The effect of the joint action of the vertical pressure due to the weight of 
the chimney, and the horizontal pressure due to the force of the wind is to 
' ghift the centre of pressure at the base of the chimney, from the axis to- 
ward one side, the extent of the shifting depending on the relative magni- 
tude of the two forces. If the centre of pressure is brought too near the 
side of the chimney, it will crush the brickwork on that side, and the chim- 
ney will fall. A line drawn through the centre of pressure, perpendicular to 
the direction of the wind, must leave an area of brickwork between it and 
the side of the chimney, sufficient to support half the weight of the chim- 
ney; the other half of the weight being supported by the brickwork on the 
windward side of the line. ; ; 5 

Different experimenters on the SON Big of brickwork give very different 
results. Kirkaldy found the weights which caused several kinds of bricks 
laid in hydranlic lime mortar and in Roman and Portland cements, to fail 
slightly, to vary from 19 to 60 tons (of 2000 Ibs.) per sq. ft. If we take in this 
case 25 tons per sq. ft., as the weight that would cause it to begin to fail, we 
shall not err che ee To support half the weight of the outer shell of the 
chimney, or 322 tons, at this rate, requires an area of 12.88 sq. ft. of brick- 
work, rom these data and the drawings of the chimney, Mr. Francis cal- 
eulates that the area of 12.88 sq. ft. is contained ina portion of the chimney 
extending 2.428 ft. from one of its octagonal sides, and that the limit to 
which the centre of pressure may be shifted is therefore 5.072 ft. from the 
axis. If shifted beyond this. he says, on the aS eon of the strength 
of the brickwork, it will crush and the chimney will fall. 

Calculating that the wind-pressure can affect only the upper 141 ft. of the 
chimney, the lower 70 ft. being protected by buildings, he calculates that a 


ind- £ 44 02 lbs. per sq. ft, would blow the chimney down, 
a oana ta a paper pemeat in the transactions of the Institution of Engi- 
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neers, in Scotlanu, for 1867-68, says: “It had previously been ascertained 
by observation of the success and failure of actual chimneys, and especially 
of those which respectively stood and fell during the violent storms of 1856, 
that, in order that a round chimney may be sufficiently stable, its weight 
should be such that a pressure of wind, of about 55 lbs. per sq. ft. of a plane 
surface, directly facing the wind, or 2744 lbs. per sq. ft..of the plane projec- 
tion of a cylindrical surtaee + +. Shall not cause the resultant —- 
at any bed-joint to deviate from the axis of the chimney by more than one 
quarter of the outside diameter at that joint,” 

According to Rankine’s rule, the Lawrence Mfz. Co.’s chimney is adapted 
to a maximum pressure of wind on a plane acting on the whole height of 
18.80 lbs. per sq. ft., or of a pressure of 21.70 lbs. per sq. ft. acting on the 
uppermost 141 ft. of the chimney. i 

jteel Chimneys are largely coming into use, especially for tall chim- 
neys of iron-works, from 150 to 800 feet in height. The advantages claimed 
are: greater strength and safety; smaller space required; smaller cost, by 
30 to 50 per cent, as compared with brick e imneys; avoidance of infiltras 
tion of air and consequent checking of the draught, common in brick chim- 
neys. They are usually made cylindrical in shape, with a wide curved flare 
for 10 to 25 feet at the bottom, A heavy cast-iron base-plate is provided, to 
which the chimney is riveted, and the plate is secured to a massive founda- 
tion by holding-down belts. No guys are used. F. W. Gordon, of the Phila. 
Engineering Works, gives the following method of calculating their resist. 
ance to wind pressure (Power, Oct. 1893): 

In tests by Sir William Fairbairn we find four experiments to determine 
the strength of thin hollow tubes, In the table will be found their elements, 
with their breaking strain. These tubes were placed upon hollow cc 
ane ge weights suspended at the centre from a block fitted to the inside 

e tube. 


Clear | Thick- | Outside | Sectional | Breaking |,Breaking Wt, 
Span, |nessIron,| Diame- | Area, Weight. lbs.sby Clarke 8 
in. in. i in, lbs. nt 1.2, 
I, 1% 037 1.8901 2,704 2,627 
If. 15 71g 113 4.38669 11,440 9,184 
Il, 23 5 .0631 8.487 |, 400 7,302 
Iv.) 23 5 119 6.74 14,240 13,910 


Edwin Clarke has formulated a rule from experiments conducted by him 
during his investigations into the use of fron and steel for hollow tube 
bridges, which is as follows : 


Center break- Area of material in sq.in. x Mean depth in in. x Constant 
ing load, in tons. i ee Clear span in feet. ~ : 


When the constant used is 1.2, the calculation for the tubes e: imented 
i by Mr. Fairbairn are given in the last column of the ta le. D. Ki 
Olark’s ‘Rules, Tables, and Data,” page 513, gives a rule for hollow tubes 
as follows: W=3.14D°7TS+L. W= breaking weight in pounds in centre; 
D= extreme diameter in inches; 7’ = thickness in inches; L = length be- 
tween supports in inches; S = ultimate tensile strength in pounds Ay 3 sq. in. 

Taking S, the strength of a square inch of a riveted joint, at 35,000 lbs. 
per. sq. in., this rule figures as follows for the different examples experi- 
mented upon by Mr. Fairbairn : I, 2870; IL. 10,190; Ill, 7700; IV, 15,820. 

This shows a close approximation to the breaking weight obtained by 
experiments and that derived from Edwin Clarke's and D. K. Clark’s rules, 
We therefore assume that this system of calculation is practically correct, 
and that it is eminently safe when a large factor of safety is provided, and 
from the fact that a chimney may be standing for many years without 
receiving anything like the strain taken as the basis of the caleuladiog: viz., 
fifty pounds per square foot. Wind pressure at fifty pounds nersquare foot 
may be assumed to be travelling in a horizontal direction, and of the 
same velocity from the top to the bottom of the stack. This is the extreme 
assumption. If, however, the chimney is round, its effective area would be 
only half of its diameter plane. We assume that the entire force may be 
concentrated in the centre of the height of the sectior of the chimney 
under eonsideration. A 


Wilcox Co."s book “ Steam” illustrates a steel chimmey 
at Maryland Steel Co., Sparrow’s Point, Md. It is 25 ft 
in heteht above the base. with internal brick liming 13 9 uniform inside 


, thence E 
The 40 fect 3s of 147 the next Sections of 40 f& 
Sa Te 


Sizes of Foundations for Stec] Chimneys, 
elected from circalar of Phila. Engineering Works.) 
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Expansion of Steam. Isothermal and Adiabatic.—Accord- 
ing to Mariotte’s law, the volume of a perfect gas, the temperature being 


kept constant, varies inversely as its pressure, or p« Pe ha constant, 


The curve constructed from this formula is called the isothermal curve, or 
curve of equal temperatures, and is a common or rectangular hyperbola. 
The relation of the pressure and volume of saturated steam, as deduced 
from Regnault’s experiments, and as given in Steam tables, is approxi- 
mately, according to Rankine (S. E., p. 403), for pressures not exceeding 120 
a 1.0625 
Ibs., p x > orpxv te or putt = pu =a constant. Zeuner has 
v 
found that the exponent 1.0646 gives a closer approximation. 

! When steam expands in a closed cylinder, as in an engine, according to 


Rankine (S. E., p. 385), the approximate law of the expansion is p « rr) 
v 


pe v9, orpytl _ a constant, The curve constructed from this for- 
mula is called the adiabatic curve, or curve of no transmission of heat. 

Peabody <Therm., p. 112) says: ‘It is probable that this equation was 
obtained by comparing the expansion lines on a large number of indicator- 
diagrams. . . . There does not appear to be any good reason for using an 
exponential equation in this connection, ... and the action of a lagged steam- 
engine cylinder is far from being adiabatic. .. . For general purposes the 
po is the best curve for comparison with the expansion curve of an 
indicator-card. ...’’ Wolff and Denton, Trans. A. S. M. E., ii. 175, say: 
“From a number of cards examined from a variety of steam-engines in cur- 
rent use, we find that the actual expansion line varies between the 10/9 
adiabatic curve and the Mariotte curve.” 

Prof. Thurston (A. S. M. E., ii. 203), says he doubts if the exponent ever 
becomes the same in any two engines, or eyen in the same engines at dif- 
ferent times of the day and under varying conditions of the day. 

Expansion of Steam according to Mariotte’s Law and 
to the Adiabatic Law. (Trans. A. §. M.E., ii. 156.)—Mariotte’s law 


, or 


pv =P,0; Values calculated from formula = ea zd -+- hyp log R), in which 


R= v, + vj, P; = absolute initial pressure, Pm = absolute mean pressure, 
v, = initial volume of steam in cylinder at pressure p,, vg = final volume of 
o 


steam at final pressure. Adiabatic law: poe = 1; °; values calculated 
from formula = =10R” -9R” *° 


Ratio of Mean Ratio of Mean _ | Ratio of Mean’ 
to Initial Ratio to Initial | Ratio to Initial 
Ratio of! Pressure. of Pressure. of Pressure. 
Expan- |__*s Expan- Expan- 
sion R. | war, | Adiab. {02 *-| war, sion ®.) war. | Adiab. 
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_Mean Pressure of Expanded Steam,.—For calculations of 
peeines ibis generally assumed that steam expands according to Mariotte’s 
law, the curve of the expansion line being a hyperbola. The mean pressure. 
p ured above vacuum, is then obtained from the formula 


1+ hyp log R 
Pm =p; YP log FP or Pm = Pi(1 + hyp log R), 


in which Pm is the absolute mean pressure, p; the absolute initial pressure 
ken as uniform up to the point of cut-off, P+ the terminal pressure, and R 
the ratioof expansion, If /= length of stroke to the cut-off, Z = total stroke. 


L 
Pil +p,l hyp log= L 1-Lh 

yp log R 
’ = VE 3} and ifR=7, Pm = py—— Ee 
Mean and Terminal Absolute Pressures.—Martotte’s 
Law.—The values in the following table are based on Mariotte’s law 
except those in tba last column, which give themean pressure of superhea 
steam, which, according to Rankine, expands in a cylinder according to 
the law pa y—ié. These latter values are calculated from the formula 


Ba 1 16R ve 3. 
Say aed 


may be found by extracting the square root of ee 


#1 
our times. From the mean absolute pressures given deduct the mean back 
pressure (absolute) to obtain the mean effective pressure. 


Rate Ratio of | Ratioof | Ratioof } Ratioof | Ratio of 
of Cut- Mean to Mean to | Terminal Initial Mean to 
uxpan-| off, Tnitial Terminal | to Mean to Mean Initial 
sion. Pressure, | Pressure. | Pressure, | Pressure. Dry Steam. 
30 0.033 0.1467 4.40 0.227 6.82 0.136 
28 0.036 0.1547 4.33 0.231 6.46 vsaeeueice 
26 0.038 0.1638 4.26 0.235 0 ee ee peeet 
24 0.042 0.1741 4.18 0.239 5.75 eee eseccece 
22 0.045 0.1860 4.09 0.244 5.88" vile cesnwaenes e 
0.050 0.1998 4.00 0.250 5.00 0.186 

18 0.055 0.2161 8.89 0.256 4.63 Coersenvesem 
16 0.062 0.23858 3.77 0.265 4 24 P) RBar eeay com 
15 0.066 0.2472 3.71 0.269 4.05 Cow chieae 
1 0.071 0.2599 3.64 0.275 3.85 aeneeeeeed 
13.33 0.075 0.2690 3.59 0.279 3.72 0,254 

I 0.077 0.2742 3.56 0.280 3.65 nos cineaonael 
12 0.083 0.2904 3.48 0.287 3.44 

1 0.091 0.3089 3.40 0.294 8.24 

(i) 0.100 0.3303 3.30 0,303 3.03 

9 0.111 0.3552 3.20 0.312 2.81 

8 0.125 0.3849 3.08 0.321 2.60 

7 0.143 0.4210 2.95 0.339 2.37 

6.66 0.150 0.4347 2.90 0.345 2.30 

6.00 0.166 0.4653 2.79 0.360 2.15 

6.71 0.175 0.4807 2.74 0.364 2.08 

5.00 0.200 0.5218 2.61 0.383 1.92 

4.44 0.225 0.5608 2.50 0.400 1.78 

4.00 0.250 0.5965 2.39 0.419 1.68 

3.63 0.275 0.6308 2.29 0.437 1.58 

3.33 0.300 0.6615 2.20 0.454 1,51 

3.00 0.333 0.6995 2.10 0.476 1.43 

2.86 0.350 0.7171 2.05 0.488 1.39 

2.66 0.375 C.7440 1.98 0.505 1.34 

2.50 0.400 0.7664 1.91 0.523 1.31 

R.22 0.450 0.8095 1.80 0.556 1.24 

2.00 0.500 0.8465 1.69 0.591 1.18 

1.82 0.550 0.8786 1.60 0.626 1.14 

1.66 0 600 0.9066 1.51 0.662 1.10 

1.60 0.625 0.9187 1.47 0.680 1.09 

1.54 0.650 0.9292 1.43 0.699 1.07 

1.48 0.675 0.9405 1.39 0.718 1.06 
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Calculation of Mean Effective Pressure, Clearance and 
Compression Considered.—In the above tables no avcount is taken 
hele --J—~2} of clearance, which in actual 
steam-engines modifies the ratio 
of expansion and the mean pres- 
sure; nor of compression and 
back-pressure, which diminish 
the mean effective pressure. In 
the following calculation these 
elements are considered. 

L = length of stroke, 7= length 
before cut-off, x = length of com- 
pression part of stroke, ¢= clear- 
ance, p, = initial pressure, Pp = 
back pressure, ce = pressure of 
clearance steam at end of com- 
pression. All pressures are abso- 

6 lute, that is, measured from a 


L perfect vacuum. 
Fia. 187. 
Area of ABCD = prid+o(4 +hyp lor FES ; 
B= p(L— 2); 


C= pee(1 + hyp log PEO) wm ryl2-+0(1-+hyp og +2), 


D = (p, — pce = pyc — Py +e). 
Area of A= ABCD — (B+ +D) 


=pil-+o(1+ hyp log fie 
— [poh - 2) + rye + (1 +hyp log 22) + py0 - etsy 
= pil + o)(1-+hyp tog ZE2) 
~ [© ~2) + @+ ohyp og 2t2] ~ peo 
Mean effective pressure = 2722 Of A, 


L 
Exampie.—Let L = 1, [ = 0.25, 2 = 0.25, ¢=0.1, p, = 60Ibs., p, = 2 Ibs. 


Area A = 60(.25-4 (1+ hyp log 42 


—2 [a 254 35 byp og =] - 0x 3 


i) 
we 21(1 + 1.145) — 2[.75 + 35 x 1.253] — 6 
= 45.045 — 2.377 — 6 = 36.668 = mean effective pressure. 


‘Tne actual indicator-diagram generally shows a mean pressure considers — 
ably less than that due to the initial pressure and the rate of expansion. The 
causes of loss of pressure are: 1. Friction in the stop-valves and steam- 
puee 2. Friction or wire-drawing of the steam during admission and cnt-' 
off, due chiefly to defective yalve-zear and contracted steam-passages, 
8. Liquefaction during expansion. 4. Exhausting before the engine hag 
completed its stroke. 5, Compression due to early closure of exhaust, 
6, Friction in the exhaust-ports, passages, and pipes, 

Re-evaporation during expansion of the steam condensed during admis- 
sion, and valve-leakage after cut-off, tend to elevate the expansion line of 
the diagram and increase the mean pressure, 

If the theoretical mean pressure be calculated from the initial pressure 
and the rate of expansion on the supposition that the expansion curve fol- 


wor 
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ty 
ab 5 
lows Mariotte’s law, pv = a constant, and the necessary corrections are 
_made for clearance and compression, the expected mean pressure in practice 
' Inay be found by multiplying the calculated results by the factor in the 
following table, according to Seaton, 


Particulars of Engine. Factor. 
cut-off valve, cylinder jacketed.......... 


SR erro, | 
Expansive engine having large ports, ete., and good ore 09 400.98 
wassceeceserccoscs) UO OOO, 
Expansive engines with the ordinary valves and gear as 
0.8 to 0.85 


ders; cylinders jacketed, and with large ports, etc...... 0.9 to 0.92 


jacketed, and good ports, etc........... sia na eae eae ees 0.8 to 0.85 
Compound engines as in general ioe in the merchant 
oth eylinders, without 
jackets and expansion-valves.............cceececsacenes 0.7 to 0.8 


SB WAE-SDIDS... nc sew ecawcstieersnsrcadsnsadcesesenvasesse SOC tOOS 


_ If no correction be made for clearance and compression, and the engine 

is in accordance with general modern practice, the theoretical mean press 

sure may be multiplied by 0.96, and the product by the proper factor in the 
_ table, to obtain the expected mean pressure, 


_ Given the Initial Pressure and the Average Pressure, to 
= the Ratio of Expansion and the Period of Admis- 
sion, 


P = initial absolute pressure in Ibs. per sq. in.; 
ca = average total pressure during stroke in Ibs. per sq. in.3 
== length of stroke in inches; 
2 = period of admission measured from beginning of stroke; 
¢@ = clearance in inches; 


R= actual ratio of expansion = FES, “es ce e@eoesnee @) 
f on Put hyp les 2), 


To find average pressure p, taking account of clearance, 


paMttOtMitonpreR-F || 


whence pL-+ Pe = Pil + c)(1 + hyp log R)3 


pL+Po 
hyplog R= ap, - I= THe —-2 «2... 


Given p and P, to find R and 1 (by trial and error).—There being two un- 
&nown quantities RF and 2, assume one of them, viz., the period of admission 
4, substitute it in equation (3) and solve for R. Substitute this value of FR in 


' the formula (1), or 2 = ++ — ¢, obtained from formula (1), and find 7. if 


the result is greated than the assumed value of 7, then the assumed value of 
the period of admission is too long; if less, the assumed value is too short, 
Assume a new value of 2, substitute it in formula (8) as before, and continue 
by this method of trial and error till the req values of Randi are 
obtained. 


tained. J “ 
ar —P = 10, p= 42.78, L = 60", cz 8", tofindg Assume? =21 in, 


Zi+e =~ x 60+8 


hyp log F = .6538, whence F = 1.92, 


< elk 
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_L+e _ 63 
i R — €=s55 — 8 = 29.8, 


which is greater than the assumed value, 21 inches. 
Now assume 1 = 15 inches : 


ye 
#8 x60 43 
byp log R= is —1= 1.204, whence FR = 85; 
re Ete, 4 —8=18—8 = 15 inches, the value assumed, 


Therefore R = 3.5, and 1 = 15 inches, 


Period of Admission Required for a Given Actual Ratio of Expansion: 


t= _ ¢,ininches . ePaper os! 


In percentage of stroke, 1 = Or p.ct. clearance — p. ct. clearance. . (5) 


WG Teg _Pdt+o _P 
i a ary Pal SE Freee Ne 0 oe Val talvallng\ (az a, selbey) AO) 


Pressure at any other;Point of the Expansion.—Let L, = length of stroke 


up to the given point, 


Pressure at the given point = alo eay hie; 6+, aires sive, (eiiel Yen ‘alte CAD 
Inte 
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To facilitate calculations of steam expanded in cylinders the table on the 
next page is abridged from Clark on the Steam-engine. The actual ratios 
of expansion, column 1, range from 1.0 to 8.0, for which the hyperbolic 
logarithms are given in column 2. The 3d column contains the periods of 
admission relative to the actual ratios of expansion, as percentages of the 
stroke, calculated by formula (5) above. The 4th column gives the values 
of the mean pressures relative to the initial pressures, the latter being taken 
as 1, calculated by formula (2). In the calculation of columns 3 and 4, clear- 
ance is taken into account, and its amount is assumed at 7% of the stroke, 
The final pressures, in the 5th column, are such as would be arrived at by 
the continued expansion of the whole of the steam to the end of the stroke, 
the initial pressure being equal to 1. They are the reciprocals of the ratios 
of expansion, column 1. The 6th column contains the relative total per- 
formances of equal weights of steam worked with the several actual ratios 

_of expansion; the total performance, when steam is admitted for the whole 
of the stroke, without expansion, being equalto1. They are obtained by 
dividing the figures in column 4 by those in column 5, 

The pressures have been calculated on the supposition that the pressure of 
steam, during its admission into the cylinder, is uniform up to the point of 
cutting off, and that the expansion is continued regularly to the end of the 
stroke. The relative performances have been calculated without any allow- 
ance for the effect of compressive action. 

The calculations have been made for periods of admission ranging from 
100%, or the whole of the stroke, to 6.4%, or 1/16 of the stroke. And though, 
nominally, the expansion is 16 times in the last instance, it is actually only 
8 times, as given in the first column. The great difference between the 
nominal and the actual ratios of expansion is caused by the clearance, 
which is equal to 7% of the stroke, and causes the nominal volume of steam 
admitted, namely, 6.4%, to be augmented to 6.4-+ 7 = 18.42 of the stroke, or, 
say, double, for expansion. When the steam is cut off at 1/9, the actual 
expansion is only 6 times; when cut off at 1/5, the expansion is 4 times; 
when cut off at 14, the expansion is 2% times; and to effect an actual expan- 
sion to twice the initial volume, the steam is cut off at 464% of the stroke, 
not at half-stroke. 
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_ Expansive Working of Steam—Actual Ratios of Expan- 
Sion, with the Relative Periods of Admission, Press 
ures, and Performance, 

oe 100 lbs. absolute. Clearance atfeach end of the eylinder 7% 

(Sinem CYLINDER.) 


Actual Ratio of Ex- 


1 2 3 4 5 6 z he Wk 
woo ta tee is re iee: oO, fee Dl Cen 
og Sea jut | 2 a Gq | 2a |£ossleeio 
oe \S28 [cz |2 12 ! Peeal 2, |seecooee 

Sst" 9g loss 2 5/4 5 suns] vSS M@Gagio- 8 
Bese igo e868.) |S onOle es lee o| mS Bays 
gesaisus |sele 2/2 2 eset ech \cvstesses 
Seaels iat er aaa lal 1 Sen bam Faeroe peo SRO 
gerwr es sleta| 2.3] _ oe \ceée| dae (Saaties 22 
Bog |Ssa olor! FPS | ees (LE SO] Spo jgohSlOuues 
APS4\pemalsaS| Sse | SSE |SSE<| £Fa |Somelssseo 

te & ja "(ea ole 2a |6 [e 
hem Y 0000 }100 1.000 1.000 1.000 58,273) 34.0 4.05 

1.1 0953 | 90.3 99 909 1.096 63,850] 31.0 4.45 

1.18 | .1698 | 83.3| :986 } ‘847 | 1.164] 677836] 29.2 4.78 

1.23 -2070 | 80 98 813 1.206 70,246} 28.2 4.98 

1.3 2624 | 75.3 .969 69 1.261 73,513] 26.9 5.26 

1.39 | 13293 | 7 1953 | i719 | 1.325 | 77242] 25.6 5.63 

1.45 3716 | 66.8 «942 690 1.3865 79,555} 24.9 5.87 

1.54 {| 14317 | 62:5} [925 | .649 | 1.425 | 83/055] 93/8 6.23 

1.6 4700 | 59 9| 1913 | 1625 | 1.461] 95,125] 23.8 6.47 

1.75 +5595 | 54.1 «883 2571 1.546 90,115} 22.0 7.08 

1.88 6314 | 0 .860 532 1,616 94,200} 21.0 7.61 

2 6931 | 46.5} [836 | 15 1.672 | 97.432] 20.3 8.09 

2.28 }) .8241]40 | i7e7 | 1439 } 1.793 | 1047466] 19.0 9.28 

2.4 8755 | 87.6 766 NZ 1.837 | 107,050} 18.5 9.71 

2.65 9745 | 33.3 726 377 1.925 | 112,220) 17.7 10.72 

2.9 1.065 | 29.9 ~692 0345 2.006 | 116,885) 16.9 11.74 

3.2 1.163 26.4 ~652 2313 2.083 | 121,386} 16.3 12.95 

3.35 | 1.209 | 25 | :637 | .298 | 2.129] 124/066) 16.0 | 13.56 

3.6 1.281 22.7 608 278 2.187 | 127,450) 15.5 14.57 

3.8 | 1.385 | 21.2] ‘589 | :268 | 2.240 | 130,583) 15.2 | 15.88 

4 1.386 | 19.7 | [569 | .250 | 2.278 | 132770] 14:9 | 16.19 

4.2 1.4385 18.5 551 238 2.315 | 134,900} 14.7 7.00 

4.5 | 1.504 | 16.8) [526 | 222 | 2.870] 188,180] 14.34] 18.21 

4.8 1.569 15.3 503 208 2.418 | 140,920} 14.05 19.43 

5 1.609 | 14.4] l4s8 | ‘200 | 2.440 | 142,180] 18:92] 20.28 

5.2 1.649 13.6 476 193 2.466 | 148,720} 13.7! 21.04 

5.5 1.705 12.5 457 182 2.511 | 146,825} 13.53 22.25 

5.8 1.758 11.4 438 172 2.547 | 148,390} 138.34 23.47 

5.9 1.775 18 a 2432 169 2.556 | 148,940} 13.29 23.87 

6.2 1.825 10.3 419 161 2.585 | 150,630) 13.14 25.09 

6.3 | 1.841 | 10 | :413 | :159 | 2/597] 151.370] 13.08] 25.49 

- 6.6 | 1.887 | 9.2} ‘398 | ‘152 | 2.619 | 152\595| 12.98] 26.71 

vi 1.946 8.3 381 143 2.664 | 155,200) 12.75 28.33 

7.8 \'1.988 | 7.7] 369 | :137 | 2.693 | 156,960] 12.61] 29.54 

7.6 2.028 tek 357 1382 2.711 | 157,975) 12.53 30.76 

7.8 2.054 6.7 348 128 2.719 | 158,414} 12.50 81.57 

8 2.079 | 6.4] 1342 | 1195 | 21736 | 159,488] 11.83] 32.38 


ASSUMPTIONS OF THE TABLE.—That the initial pressure is uniform; that 
the expansion is complete to the end of the stroke; that the pressure in ex- 
pansion varies inversely as the volume; that there is no back-pressure of 
exhaust or of compression, and that clearance is 7% of the stroke at each 
end of the cylinder. No allowance has been made for loss of steam by cyle 
inder-condeusation or leakage. 


Volume of 1 Ib. of steam of 100 lbs. pressure per sq. in., or 14,400 
ROSADEL NO, LG. coarmanscreccse) aces eens seevices cones eccesseses 4.00 CU. ft. 


Product of initial pressure and VOIUMEC....ccc-ceecees- coeser+ eeOr,000 £b.-1D8, 
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Though a uniform clearance of 7% at each end of the stroke has been 
assumed as an average proportion for the purpose of compiling the table, 
the clearance of cylinders with ordinary slides varies considerably—say - 
from 5% to 10%. (With Corliss engines it is sometimes as low as 24.) With 
the clearance, 7%, that has been assumed, the table gives approximate re- 
sults sufficient for most practical purposes, and more trustworthy than re- 
sults deduced by calculations based on simple tables of hyperbolic loga- 
rithms, where clearance is neglected. 

Weight of steam of 100 lbs. total initial fae? admitted for one stroke, 
per cubic foot of net capacity of the cylinder, in decimals of a pound = 
reciprocal of figures in column 9. { 

Total actual work done by steam of 100 Ibs. total initial pressure in one 
stroke per cubic foot of net capacity of cylinder, in foot-pounds = figures 
in column 7 + figures in column 9. 

Rue 1: To find the net capacity of cylinder for a given weight of steam 
admitted for one stroke, and a given actual ratio of expansion. (Column 9 
of table.)—Multiply the volume of 1 Ib. of steam of the given pressure by the 
given weight in pounds, and by the actual ratio of expansion. Multiply the 
product by 100, and divide by 100 plus the percentage of clearance. The 
quotient is the net capacity of the cylinder, 

Rue 2: To find the net capacity of cylinder for the performance of a 
given amount of total actual work in one stroke, with a given initial press- 
ure and actual ratio of expansion.—Divide the given work by the total 
actual work done by 1 Ib. of steam of the same pressure, and with the same 
actual ratio of expansion; the quotient is the weight of steam necessary to 
do the given work, for which the net capacity is found by Rule 1 preceding. 

Nors.—1. Conversely, the weight of steam admitted per eubic foot of net 
capacity for one stroke is the reciprocal of the cylinder-capacity per pound 
of steam, as obtained by Rule 1. 

2. .The total actual work done per cubic foot of net capacity for one stroke 
is the reciprocal of the cylinder-capacity per foot-pound of work done, ag 
obfained by Rule 2. 

3. The total actual work done per square inch of piston per foot of the 
stroke is 1/144th part of the work done per cubic foot. 

4. The resistance of back pressure of exhaust and of compression are to 
be added to the net work required to be done, to find the total actual work. 


APPENDIX TO ABOVE TABLE—MULTIPLIERS For Net CYLINDER-CAPACITY, AND 
TorTaL ACTUAL WORK DONE. 


(For steam of other pressures thari 100 Ibs. per square inch.) 


Multipliers. Multipliers, 


Total Pres- | Por Col. 7, | For Col, 9. Total Pres- | Ror Col. 7, | For Col. 9. 
sures per (Total Work Ceparity sures per |Total Work] Capacity 
° 


square inch, by 1 Ib. of square inch, by 1 1b. of of 
Steam. Cylinder. Steam, Cylinder, 
Ibs. Ibs. 
5 975 1.50 100 1.00 

70 981 1.40 110 917 
% 986 1.81 120 843 
80 9 1,24 130 781 
85 991 1.17 140 730 
90 995 1.11 150 683 
95 998 1.05 160 644 


The figures in the second column of this table are derived by multiplying 
the total pressure per square foot of an given steam by the volume in 
cubic feet of 1 lb. of such steam, and dividing the product by 62,852, which 
is the product in foot-pounds for steam of 100 Ibs, pressure. The quotient 
is the multiplier for the given Piveenry: 

The figures in the third column are the quotients of the figures in the 
ate column divided by the ratio of the pressure of the given steam to 100 

Ss. 


Measures tor Comparing the Duty of Engines.—Capacity is 
Measured in horse-powers, ek cee by the initials, H.P.: 1H.P. = 83°000 
ft.-lbs. per minute, = 550 ft.-lbs. per second, = 1,980,000 ft.-Ibs. per hour 
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1 ft.-lb=a pressure of 1 lb, exerted through a space of 1 ft. Economy is 
_ measured, 1, in pounds of coal per horse-power per hour; 2, in pounds of 
Steam per horse-power per hour. The second of these measures is the more 
_ accurate and scientific, since the engine uses steam and not coal, and it is 
-indepndent of the economy of the boiler. 
In gas-engine tests the common measure is the number of cubic feet 
of gas (measured at atmospheric pressure) per horse-power, but as all gas 
_is not of the same quality, it is necessary for comparison of tests to give the 
' enalysis of the gas. When the gas for one engine is made in one gas-pro- 
_ ducer, then the number of pounds of coal used in the producer per hour per 
‘horse-power of the engine is the proper measure of economy. 
___ Economy, or duty of an engine, is also measured in the number of foote 
ee cvne of work done per pound of fuel. As 1 horse-power is equal to 1,980,« 
ft.-lbs. of work in an hour, a duty of 1 lb. of coal per H.P. per hour 
_ would be equal to 1,980,000 ft.-lbs. per Ib. of fuel; 2 lbs. per H.P. per hour 
“costae 990,000 ft.-lbs. per Ib. of fuel, etc. 
_, the duty of pumping-engines is commonly expressed by the number of 
foot-pounds of work done per 100 lbs. of coal. 
When the duty of a pumping-engine is thus given, the equivalent number 
‘| of pounds of fuel consumed per horse-power per hour is found by dividing 
} 198 by the number of millions of foot-pounds of duty. Thus a pumping. 
_ engine giving a duty of 99 millions is equivalent to 198/99 = 2 lbs. of fuel pex 
- horse-power per hour. 
_, Efficieney Measured in Thermal Units per Minute,— 
_ Some writers express the efficiency of an engine in terms of the number of 
_ thermal units used by the engine per minute for each indicated horse-power, 
instead of by the number of pounds of steam used per hour. 
_, The heat chargeable to an engine per pound of steam is the difference be- 
_ tween the total heat in a pound of steam at the boiler-pressure and that in 
‘| A pound of the feed-water entering the boiler. In the case of condensing 
‘engines, suppose we have a temperature in the hot-well of 101° F., corre- 
- sponding to a vacuum of 28 in. of mercury, or an absolute pressure of 1 Ib. 
ber sq. in. above a perfect vacuum; we may feed the water into the boiler 
at that temperature, In thecase of a non-condensing-engine, by using a por- 
| tion of the exhaust steam in a good feed-water heater, at a pressure a trifle 
‘above the atmosphere (due to the resistance of the exhaust passages 
' through the heater), we may obtain feed-water at 212°. One pound of steam 
_ used by the engine then would be equivalent to thermal units as follows: 


- Pressure of steam by gauge: 


100 125 150 175 200 


| Total heat in steam above 32°: 
iG 1172.8 1179.6 1185.0 1189.5 1193.5 1197.0 1200.2 


Subtracting 69.1 and 180.9 heat-units, respectively, the heat above 32° in 
feed-water of 101° and 212° F., we have— 
__ Heat given by boiler: 
mbeed at, 101°... V4. 1103.7 1110.5 1115.9 1120.4 1124.4 1127.9 1181.1 
» Feed at 212°...... 991.9 998.7 1004.1 1008.6 1012.6 1016.1 1019.3 


Thermal units per minute used by an engine for each pound of steam used 

' per indicated horse-power per hour : 

Feed at 101°....,. 18.40 18.51 18.60 18.67 18.74 18.80 18.85 « 
Feed at 212°...... 16.53 16.65 16.74 16.81 16.88 16.94 16.99 


_. ExAmMPLes.—A triple-expansion engine, condensing, with steam at 175 lbs., 
gauge and vacuum 28 in., uses 13 lbs. of water per I.H.P. per hour, and a 
‘high-speed non-condensing engine, with steam at 100 lbs, gauge, uses 30 
| dbs. How many thermal units per minute does each consume ? ts 

Ans.—13 X 18.80 = 244.4, and 30 x 16.74 = 502.2 thermal units per minute, 

A perfect engine converting all the heat-energy of the steam into work 
would require 83,000 ft.-lbs. + 778 = 42.4164 thermal units per minute per 
indicated horse~power. This figure, 42.4164, therefore, divided by the num- 
| . ber of thermal units per minute per I.H.P, consumed by an. engine, gives its ~ 

_ efficiency as compared with an ideally perfect engine, In the examples 
| above, 42.4164 divided by 244.4 and by 502.2 gives 17.35% and 8.45 efficiency, 
respectively. 

Wotal Work Done by One Pound of Steam Expanded in 
@ Single Cylinder. (Column 7 of table.)—If 1 pound of water be con- 
- verted into steam of atmospheric pressure = 2116.8 lbs. per sq. ft., it oecu- 
_ Pies a volume equal to 26.36 cu, ft. The work done is equal to 2116,8 lbs, 
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X 26.36 ft. = 55,788 ft.-Ibs, The heat equivalent of this work is (55,788 + 778 
=)71.7 units. This is the work of 1 Ib, of steam of one atmosphere acting 
on a piston without expansion. 

The gross work thus done on a piston by 1 Ib. of steam generated at total 
sa ie varying from 15 Ibs, to 100 Ibs. per sq. in. varies in round numbers 

rom 56,000 to 62,000 ft.-lbs., equivalent to from 72 to 80 units of heat. 

This work of 1 lb. of steam without expansion is reduced by clearance 
according to the proportion it bears to the net capacity of the cylinder. If 
the clearance be 7% of the stroke, the work of a given weight of steam with- 
out expansion, admitted for the whole of the stroke, is reduced in the ratio 
of 107 to 100. 

Having determined by this ratio the quantity of work of 1 lb. of steam with- 
out expansion, as reduced by clearance, the work of the same weight of steam 
for various ratios of expansion may be found by multiplying it by the relative 
performance of equal weights of steam, given in the 6th column of the table. 

Quantity of Steam Consumed per Horse-power of Total 
Work per Hour. (Column 8 of table.)—The measure of a horse-power 
is the performance of 33,000 ft.-lbs. per minute, or 1,980,000 ft.-lbs. per hour. 
This work, divided by the work of 1 lb. of steam, gives the weight of steam 
required a horse-power per hour. For example, the total actual work 
done in the cylinder by 1 lb. of 100 lbs. steam, without expansion and with 
7% of clearance, is 58,273 ft.-lbs.; and “we = 34 Ibs. of steam, is the weight 
of steam consumed for the total work done in the cylinder per horse-power 
perhour. For any shorter poe of admission with expansion the weight 
of steam per horse-power is less, as the total work of 1 Ib. of steam is more, 


and may be found by dividing 1,980,000 ft.-lbs. by the respective total work 
done; or by dividing 34 lbs. by the ratio of performance, column 6 in the . 
tal 


ble. 


ers ACTUAL EXPANSIONS, 
With Different Clearances and Cut-offs, 


Computed by A. F. Nagle. 


I 


Per Cent of Clearance. 


-01 |100.00) 50.5 {34.0 [25.75 |20.8 17.5 15.14 113.388 |12.00 |10.9 |10 
2 | 50.00] 33.67/25.50 |20,60 |17.38 |15.00 |13.25 |11.89 |10.80 | 9.91 | 9.17 


:10 | 10:00] 9.18] 8.50 | 7.92 |. 7.43 | 7100 | 6.62 
6.93 | 6.56 | 6.24 
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__ Relative Efficiency of 1 Ib. of Steam with and without 
Clearance; back pressure and compression not considered, 


Mean total pressure = p = PU+ 0) + P+) hyp. log. R— Pe +O+PO+ Se log. R= Pe 
Let P= 1; L= 100; 2=25; c=7, 


107 
Bee OE ae 8 eee eee pe 
PS 90 = eee 


If the clearance be added to the stroke, so that clearance becomes zero, 
the same quantity of steam being used, admission Z being then =2+¢e= 
32; and stroke L-+e¢= 107, 


107 
a 82+ 82 hyp. log. -0 s 32 + 82 1.209 
a= 107.) 107 


That is, if the clearance be reduced to 0, the amount of the clearance 7 
being added to both the admission and the stroke, the same quantity of 
ger will do more work than when the clearance is 7 in the ratio 707 :637, 
or more. 
Back Pressure Considered.—If back pressure = .10 of P, this 
amount has to be subtracted from p and p, giving p= .587, p, = .607, the 
work of a given quantity of steam used without clearance being greater 
‘than when clearance is 7 per cent in the ratio of 607 : 587, or 13% more. 
Effect of Compression.—By early closure of the exhaust, so that a 
portion of the exhaust-steam is compressed into the clearance-space, much 
of the loss due to clearance may be avoided. If expansion is continued 
_ down to the back pressure, if the back pressure is uniform throughout the 
- exhaust-stroke, and if compression begins at such point that the exhaust- 
steam remaining in the cylinder is compressed to the initial pressure at the 
| end of the back stroke, then the work of compression of the exhaust-steam 
equals the work done during expansion by the clearance-steam. The clear- 
-ance-space pone filled by the exhaust-steam thus compressed, no new steam 
is required to fill the clearance-space for the next forward stroke, and the 
work and efficiency of the steam used in the cylinder are just the same as if 
there were no clearance and no compression. When, however, there is a 
- drop in pressure from the final pressure of the expansion, or the terminal 
pressure, to the exhaust or back pressure (the usual case), the work of com- 
pression to the initial pressure is greater than the work done by the expan- 
_ sion of the clearance-steam, so that a loss of efficiency results. In this 
case a greater efficiency can be attained by inclosing for compression a less 
peaety. of steam than that needed to fill the clearance-space with steam of 
the initial pressure. (See Clark, S. E., p. 399, et seg.; also F. H. Ball, Trans. 
A. S. M. E., xiy. 1067.) It is shown by Clark that a somewhat greater effi- 
ciency is thus attained whether or not the pressure of the steam be carried 
down by expansion to the back exhaust-pressure. As a result of calcula- 
| tions to determine the most efficient periods of compression for various 
“percentages of back pressure, and for various periods of admission, he gives 
the table on the next page : i 
_ Clearance in Low=- and High-speed _Engines, _ (Harris 
Tabor, Am. Mach., Sept. 17, 1891.)—The construction of the high-speed 
_ engine is such, with its relatively short stroke, that the clearance must be 
‘much larger than in the releasing-valve type. The short-stroke engine is, 
of necessity, an engine with large clearance, which is aggravated when a 
variable compression is a feature. Conversely, the releasing-valve gear is, 
from necessity, an engine of slow rotative speed, where great power is 
obtainable from long stroke, and small clearance is a feature in its construce 
tion. In one case the clearance will vary from 8% to 12% of the piston-dis- 
‘Placement, and in the other from 2% to 3%. In the case of an engine with a 
clearance equalling 10% of the piston-displacement the waste room becomes 
 €normous when considered in connection with an early cut-off. The system of 
compounding reduces the waste due to clearance in proportion as the steam 
is expanded to a lower pressure. The farther expansion is carried through 
'& train of cylinders the greater will be the reduction of waste due to clear- 
“axce. This is shown from the fact that the high-speed engine, expanding 


= 707, 
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steam much less than the Corliss, will show a greater gain when changed 
from simple to compound than its rival under similar conditions. 


CoMPRESSION OF STEAM IN THE CYLINDER. 
Best Periods of Compression; Clearance 7 per cent. 


Total Back Pressure, in percentages of the total initial pressure 
Cut-off in 


Percent- 
ages of 2% | 5 10 15 20 | 25 | 30 35 
the 
Stroke, 
Periods of Compression, in parts of the stroke. 
10% 65% 57% 44% 32% 
15 58 52 40 29 
20 52 47 37 
25 47 42 34 26 
30 42 89 82 25 
35 39 85 29 23 
40 36 82 21 
45 33 30 25 20 
50 30 27 23 18 
55 27 24 21 17 
60 24 22 19 15 
65 22 20 17 15 
70 19 17 16 14 
5 17 16 14 13 


Notes to Tasie.—1. For periods of admission, or percentages of back 
pressure, other than those given, the periods of compression may be readily 
found by interpolation. 

2. For any other clearance, the values of the tabulated periods of com- 
pression are to be altered in the ratio of 7 to the given percentage of 
clearance. 

Cylinder-condensation may have considerable effect upon the best point 
of compression, but it has not yet (1893) been determined by experiment. 
(Trans. A. S. M. E., xiv. 1078.) 

Cylinder-condensation.—Raukine, S. E., p. 421, says: Conduction 
of heat to and from the metal of the cylinder, or to and from liquid water 
contained in the cylinder, has the effect of lowering the pressure at the be- 

inning and rafsing it at the end of the stroke, the lowering effect being on 

e whole greater than the raising effect. In some experiments the quantity 
of steam wasted through alternate liquefaction and evaporation in tke 
bate has been found to be greater than the quantity which performed 

e work, 


Percentage of Loss by Cylinder-condensation, taken at 
Cut-off, (From circular of the Ashcroft Mfg. Co. on the Tabor 
Indicator, 1889.) ; 


2 : 
% Ae Percent. of Feed-water accounted|Percent. of Feed-water Consump- 
on. ri for by the Indicator diagram. | tion due to Cylinder-condensat’n. 
Pe Sa 
ROO Triple-ex- Triple-ex- 
S22 | Simple Compound | “yansion | Simple |Compound oension 
59 * | Engines, so oe ngines, | Engines. Engine: Engines, 
mae -P. Cyl. | hp. eyl. rlatintes! h.p. eyl. 

5 58 
10 66 
15 71 29 
20 74 80 
30 78 &4 
40- 82 5 
50 86 90 


percepioge column, as the degree of accuracy their use would seem 
y is not attained or aimed at. 


- eee Reseed 
i Mean Total ate, 3 
oot archer Effective | Terminal | lbs. Water,|———______ 


Y .H.P. 
Pressure. | Pressure, ia ee Act’l Rate.| Per ct. Loss.‘ 


-10 18 11 20 32 58 

«15 27 15 19 27 41 

20 35 20 19 25 81.5 
225 42 25 25 25 

230 30 20 24 21.8 
. 53 85 21 25 

* 5? 38 22 26 16.7 
5 61 43 23 Qt 15 

50 64 48 24 27 13.6 

a ne 


a 
‘With modern experience under automatic cut-off regulation. 

3 eriments on Oylinder-condensation.—Experiments by 
"Major Thos. English (Zng’g, Oct. 7, 1887, p. 386) with an engine 10 x 14 in., 
| jacketed in the sides but not on the ends, indicate that, the net initial con- 

lensation (or excess of condensation over re-evaporation) by the clearance 

urface varies directly as the initial density of the steam, and inversely as 
“the square root of the number of revolutions per unit of time. The mean 
‘results gave for the net initial condensation by clearance-space per sq. ft. of 
jurface at one rev. per second 6.06 thermal units in the engine when run 
“Mon-condensing and 5.75 units when condensing. 
|G. R, Bodmer (Zng’g, March 4, 1892, p. 299) says: Within the ordinary 
limits of expansion desirable in one cylinder the expansion ratio has prac- 
cally no inflnence on the amount of condensation per stroke, which for 
imple engines can be expressed by the following formula for the weight 
of water condensed [per minute, probably; the original does not state] : 


xi pene t) 
We OT xv where 7 denotes the mean admission temperature, ¢ the 


mean exhaust temperature, S clearance-surface (square feet), VV’ the num. 
[Ser of revolutions per second, L latent heat of steam at the mean admission 
mperature, and a a constant for any given type of engine. 
_, Mr. Bodmer found from experimental data that for igh-pressure non- 
aS engines C = about 0.11, for condensing non-jacketed engines 0.085 
0 0.11, for condensing jacketed engines 0.085 to 0.053. ‘The figures for jack- 
"sted engines apply to those jacketed in the usual way, and not at the ends, 
__ C varies for different engines of the same class, but is practically con- 
“stant for any given engine. For simple high-pressure non-jacketed engines 
was found to range from 0.1 to 0.112. 
Applying Mr. Bodmer’s formula to the case of a Corliss non-jacketed non- 
ondensing engine, 4-ft. stroke, 24 in. diam , 60 revs. per min., initial pres- 
re 90 Ibs. gauge, exhaust pressure 2 lbs., we have 7 — ¢= 112°, N= » Oe 
= 880, S= 7 sq. ft.; and, taking C = .112 and W = lbs. water condensed 


ber minute, y= 222X112 x7 _ 09 ib. per minute, or BA Ibe. per hour. If 


the steam used per I.H.P. per hour according to the diagram is 20 Ibs., the 
Eval tgs consumption is 25,4 lbs., corresponding to a cylinder condensa- 
jon of 27%. 


oad ee . 
— 
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INDICATOR-DIAGRAM OF A SINGLE-CYLINDER 
ENGINE. ar 


Definitions.—The Atmospheric Line, AB, is a line drawn by the pencil 
of the indicator when the connections with the engine are closed and both 
sides of the piston are open to the atmosphere, 


K 


Fia. 138. 


The Vacuum Line, OX, is a reference line usually drawn about 14 7/10 
pounds by scale below the atmospheric line. 

The Clearance Line, OY, is a reference line drawn at a distance from the 
end of the diagram equal to the same per cent of its length as the clearance 
and waste room is of the piston-displacement, 

The Line of Boiler-pressure, JK, is drawn parallel to the atmospheric 
line, and at a distance from it by scale equal to the boiler-pressure shown 
by the gauge. 

The Admission Line, CD, shows the rise of pressure due to the admission 
of steam to the cylinder by opening the steam-valve. 

The Steam Line, DE, is drawn when the steam-valve is open and steam is 
being admitted to the cylinder. 

The Point of Cut-off, E, is the point where the admission of steam is 
stopped by the closing of the valve. It is often difficult to determine the 
exact point at which the cut-off takes place, It is usually located where the 
outline of the diagram changes its curvature from convex to concave. 

The Expansion Curve, EF’, shows the fall in pressure as the steam in the 
cylinder expands doing work. 

The Point of Release, I’, shows when the exhaust-valve opens. 

The Exhaust Line, FG, represents the change in pressure that takes 
place when the exhaust-valve opens. 

The Back-pressure Line, GH, shows the pressure against which the piston 
acts dufing its return stroke. 

The Point of Exhaust Closure, H,is the point where the exhaust-valve 
closes. It cannot be located definitely, as the change in pressure is at first 
due to the gradual closing of the valve. 

The Compression Curve, HC, shows the rise in pressure due to the com- 
esa of the steam remaining in the cylinder after the exhaust-valve has 
closed. 

The Mean Height of the Diagram equals its area divided by its length. — 

The Mean Effective Pressure is the mean net pressure urging the piston 
forward = the mean height x the scale of the indicator-spring. 

To find the Mean Effective Pressure from the Diagram.—Divide the 
length, LB, into a number, say 10, equal parts, setting off halfa part at L, 
half a part at B, and nine other parts between; erect ordinates perpendicu- 
lar to the atmospheric line at the points of division of LB, cutting the dia- 
gram; add together the lengths of these ordinates intercepted between the 
upper and lower lines of the diagram and divide by their number. This 
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ia 
RTS a 
Cet me 


, | gives the mean height, whieh multipliod by the scale of the indicator-spring 
‘] gives the M.E.P. Or find the area by a planimeter, or other means (see 
‘| Mensuration, p. 55), and divide by the length LB to obtain the mean height. 

lq The Initial Pressure is the pressure acting on the piston at the beginning 

ih | of the stroke, 
} ‘The Terminal Pressure is the pressure above the line of perfect vacuum 
} that would exist at the end of the stroke if the steam had not been released 
A pecler. It is found by continuing the expansion-curye to the end of the 
ot agram., 


INDICATED HORSE-POWER oF ENGINES, SINGLE- 


CYLINDER. 
Indicated Horse-power L.H.P,= peo 
P t= 33-000" 


In which P= mean effective pressure in Ibs. per sq. in.; L = length of stroke 
in feet; a = area of piston in square inches. For accuracy, one half of the 
sectional area of the piston-rod must be subtracted from the area of the 
piston if the rod passes through one head, or the whole area of the rod if it 

ane) eee browne both heads; n = No. of single strokes per min. = 2 x No. of 
revolutions. 


LH.P. = oo in which S = piston speed in feet per minute, 
J 


_ PLldm _ Pars _ aie q 
LEP. = Dory = aaoiy = -0000essPLd°n = .oo00zs8Pars, 


Ga 
| $n_which d= diam. of cyl. in inches. (The figures 288 are exact, since 
0. 7854 = 33 = 93.8 exactly.) If product of piston-speed ¥ mean effective 
| pressure = 42,017, then the horse-power would equal the Square of the 


33,000 x I.H.P. F TH.P. 
pee) cree ter = 205 ——, a 
Area = in Diameter A aA pet ) 


Brake Horse-power is the actual horse-power of the engine as 
measured at the fly-wheel by a friction-brake or dynamometer. If is the 
“indicated horse-power minus the friction of the engine. 
| Table for Roughly Approximating the Horse-power of 
|| a Compound Engine from the Diameter of its Low- 
| Pressure Cylinder.—tThe indicated horse-power of an engine being 
2 


: pun , in which P = mean effective pressure per sq. in., s = piston-speed in 
. 


t, per min., and d = diam. of cylinder in inches; if s = 600 ft. per min., 
which is approximately the speed of modern stationary engines, and P = 35 
lbs., which is an approximately average figure for the M.E.P. of single- 
cylinder engines, and of compound engines referred to the low-pressure 
eylinder, then I.H.P. = 14d?; hence the rough-and-ready rule for horse-power 

1 given above: Square the diameter in inches and divide by 2. This applies to 
ciple and quadruple expansion engines as well as to single cylinder and 
“compound. For most economical loading, the M.E.P. referred to the low- 
osure cylinder of compound engines is usually not greater than that of 
Simple engines; for the greater economy is obtained by a greater number of 
»©xpansions of steam of higher pressures, and the greater the number of 
expansions for a given initial pressure the lower the mean effective pressure. 


‘The following table gives approximately the figures of mean total and effec- 
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tive pressures for the different types of engines, together with the factor by 
which the square of the diameter is to be multiplied to obtain the horse 
power at most economical loading, for a piston-speed of 600 ft. per minute. 


ég a eet cern inn 
233\° aialae gies fegeiesz| Se] 0X 
Type of Engine. Raa |S sales gaa gee Be gee laselace 
SESE RS|SSESSEC|SEZISEe|s2 518 ase ss 
Eten = ale & tl S aS we alee (stand 
Non-condensing, 
Single Cylinder.| 100) 5. 20 +522 | 52.2 | 15.5 | 86.7 | 600 | .524 
120 | 7.5) 16 -402 | 48.2 | 15.5 | 82.7 “| £467 
160 | 10. 16 -830 | 52.8 | 15.5 | 387.3 e633 
200 | 12.5 | 16 -282 | 56.4 | 15.5 | 40.9 “1 1584 
Condensing Engines, 
Single Cylinder.| 100 | 10. 10 +830 | 33.0 2 | 81.0] 600 | .443 
Compound......} 120 | 15. 8 247 + | 29.6 2 | 27.6 “ | 1390 
Triple, svete). 160" 202 8 -200 | 82.0 2 | 30.0 se 49 
Quadruple. . 200 | 25. 8 -169 | 33.8 2 } 81.8 “| 1454 


For any other piston-speed than 600 ft. per min., multiply the figures in’ 
the last column by the ratio of the piston-speed to 600 ft. 


Nominal Horse-power.—The term “ nominal horse-power” origi- 
nated in the time of Watt, and was used to express approximately the power 
of an engine as calculated from its diameter, estimating the mean pressure 
in the cylinder at 7 lbs. above the atmosphere. It has long been obsolete in 
America, and is nearly obsolete in England. 


Horse-power Constant of a given Engine for a Fixed 


Speed = product of its area of piston in square inches, length of stroke in 


feet, and number of single strokes per minute divided by 33,000, or at 
=C. The product of the mean effective pressure as found by the diagram 
and this constant is the indicated horse-power. 

Horse-power Constant of a given Engine for Varying 
Speeds = product of its area of piston and length of stroke divided by 
83,000. This multiplied by the mean effective pressure and by the number 
of single strokes per minute is the indicated horse-power. 

Horse-power Constant of any Engine of a given Diam= 
eter of Cylinder, whatever the length of stroke = area of piston + 33,000 
= square of the dianieter of piston in inches x .0000238. A table of constants 
derived from this formula is given below. 

The constant multiplied by the piston-speed in feet per minute and by 
the M.E.P. gives the I.H.P. 

Errors of Indicators,—The most common error is that of the spring, 
which may vary from its normal rating; the error may be determined by 
proper testing apparatus and allowed for. But after making this correction, 


even with the best work, the results are liable to variable errors which may 


amount to2 or 8 per cent, See Barrus, Trans, A. S. M. E., v. 810; Denton, 
A. 8. M. E., xi, 829; David Smith, U. S. N., Proc. Eng’g Congress, 1893, 
Marine Division. 


Indicator “ Rigs,” or Reducing-motions ; Interpretation of Diagrams for 


Errors of Steam-distribution, ete, For these see circulars of manufacturers 
t 


of Indicators; also works on the Indicator. 

Table of Engine Constants for Use in Figuring Horse= 
power.—“ Horse-power constant” for cylinders from 1 inch to 60 inches in 
diameter, advancing by 8ths, for one foot of piston-speed per minute and one 
pound of M.E.P, Find the diameter of the cylinder in the column at the 
side. If the diameter contains no fraction the constant will be found in the 
column headed Even Inches. If the diameter is not in even inches, follow 


the line horizontally fo the column corresponding to the required fraction. ; 
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The constants multiplied by the piston-speed and by the M.E.P. give the 


horse-power. 
aa. ee 


Diameter! pen | +3 | +4 | +% | +46 | +56 | +8 | +6 
9 Inches or or or or or or or 
Cylinder. “| 6125. 22D. 2875. Os +625, 15. 875, 
1 -0000238) .0000301 - 0000372} 0000450) -0000535) .0000628} .0000729 .0000837 
J2 -0000952} .0001074| 0001205 0001342) -0001487) 0001640) .0001800 0001967 
3 -0002142) .0002324| 0002514 -0002711| .0002915] 0003127 - 0003347) . 000357: 
4 0003808} .0004050 .0004299] .0004554 -0004819] .0005091) 0005370 -0005656 
5 -0005950) .0006251) .0006560! .0006876 -0007199} .0007530) .0007869 -0008215 
6 - 0008568] .0008929] .c009297; - 0009672) .0010055! 0010445] 0010844 -0011249 
< 0011662) .0012082} .0012510! .0012944 -0013387) .0013837| .0014295 .0014759 
8 -0015232) .0015711] .0016198) -0016693) .0017195} 0017705] .0018222 -0018746 
9 -0019278} 0019817] .0020363] .0020916 -0021479| 0022048! 0022625, -0023209 
10 - 0023800} . 0024398} .0025004! .0025618 0026239! .0026867) .0027502 -0028147 
11 -0028798} .0029456] 0030121] .0030794 -0031475] 0082163} 0032859 - 0038561 
12 0034272) 0034990) 0035714 -0036447| .0087187| 0087934 -0038690) 0039452 
13 - 0040222) .0040999] 0041783; -0042576) .0043375] .0044182 -0044997) .0045819 
14 - 0046648) 0047484) 0048328) 0049181 -0050039} .0050906) .0051780) -0052661 
15 - 0053550} .0054446 .0055349) 0056261 0057179} .0058105} .0059039] .0059979 
16 - 0060928} 0061884] .0062847! 0063817 -0064795| .0065780} .0066774 0067774 
17 -0068782! 0069797] .0070819! .0071850 - 0072887) ..0073932! 0074985 -0076044 
18 -0077112| .0078187| .0079268| .0080360 -0081452) 0082560) 0083672! 0084791 
19 - 0085918} .0087052| .0088193) 0089343! .0090499 -0091663) .0092835).0094013 
20 - 0095200} 0096393) .0097594! .0098803 -0100019} .0101243} 0102474] 0103712 
21 - 0104958} .0106211] .0107472) 0108739] .0110015 -0111299} .0112589] 0113886 
22 0115192) .0116505} 0117825) .0119152! .0120487 -0121830) 0123179] 0124537 
23 -0125902) 0127274] .0128654) .0130040 -0131485] 01382837) .0134247 0135664 
24 -0137088} .0138519] .0139959| .0141405] .0142859 9144821) .0145789] 0147266 
25 - 0148750) .0150241} 0151739 .0153246 -0154759} .0156280} 0157809] 0159345 
26 -0160888) 0162439] 0163997] .0165563) .0167135 -0168716] .0170304].0171899 
27 -0178502] 0175112] .0176729) .0178355! .0179988 0181627) 0188275} 0184929 
28 -0186592} 0188262) 0189939) 0191624 0193316} .0195015] .0196722) 0198436 
29 -0200158} .0201887] 0203624! .0205368] .207119| .0208879 -0210645) .0212418 
30 0214200) 0215988] .0217785) .0219588| .0221399 0223218) .0225044! 0226877 
: 31 - 0228718} .0230566] 0232422) 0234285 - 0236155} .0238033] 0239919] .0241812 
A? © a2 - 0243712) .0245619] 0247535] .0249457) .0251387] . 0253325 0255269] 0257222 
33 -0259182/ 0261149) .0263124| 0265106) .0267095] 0269092 -0271097| .0273109 
84 -0275128} 0277155} 0279189] .0281231| .0283279] 0285336 0287899] 0289471 
85 0291550] 0293636] 0295729) .0297831] .0299939 - 0302056] .0304179] .0306309 
36 -0308448} 0310594! .0312747| 0314908) .0317075 -0819251| 0321434] .0323624 
e 87 + 0325822} .0328027| .0330239| 0332460) .0334687] 0336922 -0339165) .0341415 
: 38 -0343672/ .0345937| 0348209) .0350489) .0352775] . 0855070 -0357372) .0359681 
a) -0361998} 0364322) 0366654! 0368993) .0371339] 0873694 -0376055) .0878424 
40 -0380800| .0383184] 0385575] .0387973] .0390379| .0392793 0395214] .0897642 
41 0400078} 0402521] 0404972) 0407430] .0409895] .0412368 -0414849} 0417337 
4 42 -0419832) 0422335] .0424845/ .0427362] .0429887] .0432420 - 0434959) 0437507 
, 43 -0440062| 0442624) 0445194! .044'7771| .0450355] .0452947 0455547) 0458154 
B44 -0460768) .0463389] 0466019) 0468655] .0471299] .0473951 -0476609) 047927, 
45 0481950} 0484631] .0487320| 0490016] .0492719] .0495430 0498149} .0500875 
46 0503608) .0506349} .0509097| .0511853! .0514615] .0517386 0520164) , 0522949 
47 0525742) .0528542) .0531349] .0534163) . 0586988] .0539818 0542655) .0545499 
i 48 0548352) 0551212! 0554079) .0556953) .0559885| . 0562725 0565622] . 0568526 
49 0571438) 0574357] .0577284] .0580218] .0583159] . 0586109 0589065) . 0592029 
50 0595000) .0597979} .0600965' .0603959| .0606959) .0609969] 0612984 0616007 
51 0619038) 0622076] .0625122) 0628175) .0632235 304) .0637879) .0640462 
52 0643552) .0646649] 0649753) .0652867) .0655987] 0659115 0662250) .0665392 
53 0668542! .0671699] .0674864) .0678036) 0681215} 0684402 0687597| .0690799 _ 
54 +0694008) 0697225) 0700449) .0703681) .0705293} .0710166)-.0713419 0716681 
55 0719950) 0724226] .0726510) .0729801| 0733099} 0736406 0739719] .0748039 
56 0746368) .0749704| 0753047) .0756398) .0759755! 0763120 0766494) .0769874 
¢ 37 +0773262! .0776657| .0780060 .0783476 ih ee 0790312] 0793745] .0797185 
58 + 0800682! .0804087 -0807549 .0811019) .08 14495) .0817980} .0821472} .0824971 
; 59 - 0828478) 0831992) .0835514 .0839043 0842579] .0846123 -0849675) 0853234 
60 0856800! 0860874! .0863955! .0867548) 0871139! .0874743! 0878354 - 0881978 
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Worse-power per Pound Mean Effective Pressure. 
Area in sq. in. < piston- -speed | 


Formula, 33,000 
Diam, of Speed of Piston in feet per minute. 
Cylinder, E: 
inches. | 100] 200 | 300 | 400 | 500 | GOO | 700 | 800 | 900 
.0881| .0762} .1142| .1523) .1904) .2285| .2666|} .3046) .3427 
4% 0482} .0964} .1446] .1928) .2410) .2892| .337 +3856) .4338 
5 10595} .1190) .1785) 2380) .2975| 3571 -4165) .4760) .5855 
5% .0720} .1440) .2160} .2880) .3600) .4320) .5040} .5760) .6480 
6 0857) 1714] .2570| 3427) 4284) .5141] .5998} .6854) . 7711 
6% .1006] .2011| .3017! .4022} .5028) .6033) .7039} .8044] .9050 
7 .1166] .2832| .3499) .4665) .5831) .6997| .8163] .9330) 1.0496 
14 1339} .2678| .4016] .5855) .6694) .8033) .9871| 1.0710) 1.2049 
8 1523] 3046} .4570) 6093) .7616) .9139) 1.0662) 1.2186) 1.3709 
844 .1720|  .3439| .5159]  . 687 .8598/ 1.0317) 1.2037) 1.3756) 1.5476 
.1928] .3856} .5783) .7711) .9639) 1.1567) 1.3495) 1.5422) 1.7350 
9% .2148] .4296| .6444| .8592) 1.0740] 1.2888) 1.5036) 1.7184} 1.9532 
10 2380] .4760| .'7140) .9520) 1.1900} 1.4280) 1.6660) 1.9040) 2.1420 
11 -2880| .5760| .8639} 1.1519) 1.4399] 1.7279] 2.0159) 2.3038] 2.5818 
12 .B427| 6854! 1.0282) 1.8709) 1.7136) 2.0563) 2.3990) 2.7418] 3.0845 
13 .4022| .8044| 1.2067] 1.6089) 2.0111] 2.4133] 2.8155) 3.2178] 3.6200 
14 .4665| .9330| 1.3994] 1.8659) 2.3324) 2.7989] 3.2654) 3.7318) 4.1983 
15 .5355| 1.0710) 1.6065] 2.1420) 2.6775) 3.2130] 3.7 4.2840) 4.8195 
16 .6093] 1.2186] 1.8278] 2.4871] 8.0464) 3.6557| 4.2650} 4.8742) 5.4835 
17 .6878| 1.2756] 1.9685] 2.6513) 3.3391] 4.0269) 4.6147] 5.4026) 6.1904 
18 7711) 1.5422} 2.3184] 8.0845) 3.8556) 4.6267) 5.8978) 6.1690) 6.9401 
19 9592] 1.7184] 2.5775] 8.4367) 4.2959) 5.1551) 6.0143) 6.8734] 7.7326 
20 9520] 1.9040! 2.8560) 8.8080) 4.7600) 5.7120) 6.6640) 7.6160) 8.5680 
21 1.0496] 2.0992! 3.1488] 4.1983) 5.2479) 6.2975) 7.3471) 8.3966) 9.4462 
22 4.1519} 2.3038] 3.4558] 4.6077) 5.7596) 6.9115} 8.0634) 9.2154/10.367 
23 1.2590] 2.5180] 3.7771] 5.0361) 6.2951) 7.5541) 8.8131/10.072 |11.831 
24 1.3709] 2.7418] 4.1126] 5.4885) 6.8544) 8.2253) 9.5962)10.967 |12.338 
25 1.4875] 2.9750) 4.4625] 5.9500) 7.4875) 8.9250/10.418 |11.900 13.388 
26 1.6089} 3.2178} 4.8266] 6.4855) 8.0444) 9.6584/11.262 |12.871 |14.480 
27 1.7350] 3.4700|,5.2051] 6.9401) 8.6751)10.410 |12.145 |18.880 |15.615 
28 1.8659] 3.7318] 5.5978] 7.4687| 9.3296)11.196 |18.061 |14.927 |16.793 
29 2.0016] 4.0032) 6.0047) 8.0063\10. 12.009 /14.011 |16.013 |18.014 
30 2.1420] 4.2840] 6.4260} 8.5680, 10.710 |12.852 |14.994 |17.136 |19.278 
31 2.2872] 4.5744) 6.8615] 9.1487)11.486 |13.723 |16.010 |18.297 |20.585 
82 2.4371] 4.8742] 7.8114) 9.7485)12.186 |14.628 |17.060 |14.497 |21.934 
2.5918] 5.1836] 7.7755/10.867 |12.959 |15.551 |18.143 |20.735 |23.826 
34 2.7518] 5.5026| 8.2538/11.005 |13.756 |16.508 |19.259 |22.010 |24.762 
35 2.9155] 5.8310] 8.7465/11.662 |14.678 |17.493 |20.409 |23.3824 |26.240 
36 3.0845] 6.1690] 9.2534]12.388 |15.422 |18.507 }21.591 |24.676 |27.760 
37 3.2582] 6.5164) 9.7747/13.033 |16.291 |19.549 /22.808 |26.066 |29.324 
38 3.4367] 6.8734'10.310 |13.747 |17.184 |20.620 |24.057 |27.494 |30.930 
39 3.6200 7. 2400,10.860 |14.480 18.100 |21.720 25.840 |28.960 |32.580 
40 3.8080) 7 +6160)11. 424 115.232 |19.040 |22.848 |26.656 |80.464 |34.272 
41 4.0008} 8,0016/12.002 |16.003 [20.004 24.005 |28.005 |382.006 |36.007 
42 4.1983] 8.3866,12.585 |16.783 /20.982 |25.180 |29.378 |83.577 [37.775 
43 4,4006| 8. 8012 18. ene 17.602 22.003 |26.404 |30.804 |35.205 |39.606 
44 4,6077| 9, 2154/13.823 18.431 28.038 |27.646 |82.254 |86.861 |41.469 
45 4,8195| 9.6390/14.459 |19.278 24.098 |28.917 |33.737 |88.556 |43.376 
46 5.0361|10.072 |15.108 |20.144 )25.180 )80.216 /85.253 |40.289 /45.325 
47 5.2574|10.515 [15.772 |21.030 |26.287 |81.545 |36.802 |42.059 |47.317 
48 5.4835/10.967 |16.451 /21.934 |27.418 |82.901 |38.3885 |43.868 |49.352 
49 5.7144111.429 |17.143 |22.858 |28.572 [84.286 [40.001 |45.715 |51.429 
50 5.9500|11.900 |17.850 |23.800 |29.750 |85.700 |41.650 |47.600 |53.550 
51 6.1904]/12.381 |18.571 |24.762 |30.952 /387.142 /43.333 |49.523 [55.713 
52 6.4855/12.871 |19.307 |25.742 |82.178 |88.613 [45.049 |51.484 [57.920 
53 6.6854}13.371 |20.056 126.742 183.427 |40.113 |46.798 |53.483 |60.169 
54 6.9401}13.880 }20.820 |27.760 |34.700 |41.640 |48.581 |55.521 |62.461 
55 7.1995|14.399 |21.599 |28.798 |85.998 |43.197 |50.397 [57.596 164.796 
56 7.4637114.927 122.391 29.855 |87.318 |44.782 |52.246 [59.709 /67.173 
57 7.7826|/15.465 |23.198 |80.980 |38.663 |46.396 |54.128 |61.861 |69.594 
58 8.0063/16.013 |24.019 ]82.025 |40.032 |48.0388 |56.044 |64.051 |72.057 
59 8.2849]16.570 |24.854 |38.189 |41.424 [49.709 [57.993 |66.278 |74.563 
60 8.5680/17.136 |25.704 |34.272 |42.840 [51.408 [59.976 |68.544 77.112 


eee 
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_ To draw the Clearance-line on the Indicator-di: —_ 
‘the actual clearance not being known.—The clearance-line may be obtain 

“approximately by drawing a straight line, cbad, acro: 
pearve, pee _paitons' ee eal se the ae aesp Berio line and 14.7 Ibs, 
} a5 © trom @ the distance ad, equal to cb, and draw Yi - 
| dicular to OX through d; then will TB divided by AT’ poreeceeeS 


é Fia. 139, 


‘clearance. The clearance may also be found from the expansion-line by 
ce a rectangle efhg, and drawing a diagonal gf to intersect the 
Mine XO. This will give the point O, and by erecting a perpendicular to XO 
‘we obtain a clearance-line OY. 
| Both these methods for finding the clearance require that the expansion 
} @nd compression curves be hyperbolas, Prof. Carpenter (Power, Sept., 
| 1893) says that with good diagrams the methods are usually very accurate, 
‘and give results which check substantially. 

+The Buckeye Engine Co., however, say that, as the results obtained are 
‘seldom correct, being sometimes too little, but more frequently too much, 
| and as the indications from the two curves seldom agree, the operation has 
‘little practical value, though when a clearly defined and apparently undis- 
| torted compression curve exists of sufficient extent to admit of the applica- 
‘tion of the process, it may be relied on to give much more correct results 
| than the expansion curve. 

_to draw the Hyperbolic Curve on the Indicator-dia= 
jeram.—Select any point Jin the actual curve, and from this point draw a 
line perpendicular to the line JB, meet-  j q 
| ing the latter in the point J. The line 
JB may be the line of boiler-pressure, 
‘but this is not material; it may be drawn 
yat any convenient height near the top of 
| diagram and parallel to the atmospheric 
Yiine, From J draw a diagonal to K, the 
latter point being the intersection of 
the vacuum and clearance lines; from I 
“draw IZ parallel with the atmospheric 
‘line. From L, the point of intersection kK 
eet the diagonal JK and the horizontal Fie. 140, 
‘line JL, draw the vertical line LM. The ‘ 

point M is the theoretical point of cut-off, and LM the cut-off line. Fix 
eon any number of points 1, 2, 3, etc., on the line JB, and from these points 
“draw diagonals to K. From the intersection of these diagonals with LM 
draw horizontal lines, and from 1, 2, 3, etc., vertical lines. Where these lines 
Meet will be points in the hyperbolic curve. : 
Pendulum Indicator Rig.—Power (Feb. 1893) gives a graphical 
Bee eronontation of the errors in indicator-diagrams, caused by the use of in- 
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correct form vf the pendulum rigging. It is shown that the “ brumbo” 
pulley on the pendulum, to which the cord is attached, does not gener- 
ally give as good a reduction as a simple pin 
attachment, When the end of the pendulum is 


c E 
slotted, working in a pin on the crosshead, the 
error is apt to be considerable at both ends of 
the card. With a vertical slot in a plate fixed 
to the crosshead, and a pin on the pendulum 
working in this slot, the reduction is perfect, 
when the cord is attached to a pin on the pen- 
dulum, a slight error being introduced if the 
brumbo puiley is used. ith the connection 
between the pendulum and the crosshead made 
by means of a horizontal link, the reduction is 


nearly perfect, if the construction is such that 

the connecting link vibrates equally above and 

Fig. 141. below the horizontal, and the cord is attached 

by apin. If the link is horizontal at mid-stroke 

a serious error is introduced, which is magnified if a brumbo ley also is 
used. The adjoining figures show the two forms recommended. 

Theoretical Water-consumption calculated from the 

Indicator-card,.—The following method is given by Prof. Carpenter 

(Power, Sept. 1893): » = mean effective pressure, 1 = length of stroke in 

feet, a = area of piston in square inches, a + 144 = area in square feet, c = 

percentage of clearance to the stroke, b = percentage of stroke at point 

where water rate is to be computed. m = number of strokes per minute, 

60n = number per hour, w = weight of a cubic foot of steam having a pres. 

sure as shown by the diagram corresponding to that at the point where 

water rate is required, w’ = that corresponding to pressure at end of com= 

pression. 7 


A Dt (Die 1 
Number of cubic feet per stroke = u( {00 jaa" ‘ 
Corresponding weight of steam per stroke in lbs, = 1 ote rere 
lea 
Volume of clearance = 74,400" 
Weight of steam in cle: rancessee, 
eight of steam in clea = 74400" 


Total weight of| _, (0 +¢)wa _ lcaw’ ila Bat 
steam per avokey = Cao 7a 15400 = TEAL + Ow ew’. 
Total weight of steam 60nla 
from diagram per font = 74,400 @+ ew — ew’ |. 


_The indicated horse-power is p 1 a n + 33,000. Hence the steam-consump: 
tion per hour per indicated horse- power is 


60nla 
2 7a,d00L.© sat is —ew! | 187.50 ‘ 
= alen = “5 [@ + ow - ow’. 
33,000 


Changing the formula to a rule, we have: To find the water rate from the 
indicator diagram at any point in the stroke. 

RuiE.—To the pereenuane of the entire stroke which has been completed 
by the piston at the point under consideration add the percentage of clear 
ance, Multiply this result by the weight of a cubic foot of steam, having a 
pressure of that at the required point. Subtract from this the product of' 
Pens Cees a ipbes by ps ns of a cubic foot of steam hav- 

e ual to that at the end of the compression. Multiply this 
result by 137.50 divided by the mean effective Bas Bas eh’ 


Norr.—This method only applies to points in the expansion curve or be- 
tween cut-off and release. 


Fan ee Ses a an ee 
* for compound or triple-expansion engines read: divided by the equiva- 


lent mean effective pressure, on the supposition that all work is done in one 
cylinder. ‘ 
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The beneficial effect of compression in reducing the water-consumption of 

@n engine is clearly shown by the formula. If the compression is-carried to 
uch a point that it produces a pressure equal to that at the point under 

i msideration, the weight of steam per cubic foot is equal, and w= w’. In 

|) this —_ oe effect of clearance entirely disappears, and the formula 

becomes oA 

" Incase of no compression, 2v’ becomes zero, and the water-rate =< 


S16 + ou) 


(bw). 


Prof. Denton (Trans. A. S. M. E., xiv. 1863) gives the following table of 
theoretical water-consumption for a perfect Mariotte expansion with steam 
| Bt 150 Ibs. above atmosphere, and 2 lbs. absolute back pressure ; 


$a 
( . Lbs. of Water per hour 
M.E.P., Ibs. per sq. in. per horse-power, Ww. 


68 


x 


|_, The difference between the theoretical water-consumption found by the 
ferxu‘a and the actual consumption as found by test represents “ water not 
ounted for by the indicator,’ due to cylinder condensation, leakage 
rough ports, radiation, ete. 
Leakage of Steam.—Leakage of steam, except in rare*instances, hag 
little effect upon the lines of the diagram that it can scarcely be detected. 
Lhe only satisfactory way to determine the tightness of an engine is to take 
i when not in motion, apply a full boiler-pressure to the valve, placed in a 
closed position, and to the piston as well, which is blocked for the purpose at 
"some point away from the end of the stroke, and see by the eye whether 
kaso oceurs. The indicator-cocks provide means for bringing into view 
steam which leaks through the steam-valves, and in most cases that which 
ks by the piston, and an opening made in the exhaust-pipe or observa- 
at the atmospheric escape-pipe, are generally sufficient to determine 
6 fact with regard to the exhaust-valves. 
__ The steam accounted for by the indicator should be computed for both 
the cut-off and the release points of the diagram. If the expansion-line de- 
arts much from the hyperboli¢ curve a very different result is shown at 
‘one point from that shown at the other. In’such cases the extent of the 
Oss occasioned by cylinder condensation and leakage is indicated in a much 
| ee manner at the cut-off than at the release. (Tabor Indicator 
cular.) 
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lompound, Triple- and Quadruple-expansion Engines, 
—A compound engine is one having two or more cylinders, and in which 
ie steam after doing work in the first or high-pressure cylinder completes 
expansion in the other cylinder or cylinders. 

he term ‘‘compound” is commonly restricted, however, to engines in 
ich the expansion takes place in two stages only—high and low pressure, 
terms triple-expansion and quadruple-expansion engines being used when 
expansion takes place respectively in three and four stages. The number 
cylinders may be greater than the number of stages of expansion, for 
structive reasons; thus in the compound or two-stage expansion engine 
low-pressure stage may be effected in two cylinders so as to obtain the 
antages of nearly equal sizes of cylinders and of three cranks at angles of 
°. In triple-expansion engines there are frequently two low-pressure 
linders, one of them being placed tandem with the high-pressure, and the 
ther with the intermediate cylinder, as in mill engines with two cranks at 
In the triple-expansion engines of the steamers Campania and Lucania, 
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with three cranks at 120°, there are five cylinders, two high, one intermedi« 
ate, and two low, the high-pressure cylinders being tandem with the low. 
Advantages of Compounding.—The advantages secured by divid- 
ing the expansion into two or more stages are twofold: 1. Reduction of wastes 
of steam by cylinder-condensation, clearance, and leakage; 2. Dividing the 
pressures on the cranks, shafts, etc., in large engines so as to avoid excessive 
pressures and consequent friction. The diminished loss by eylinder-conden- 
gation is effected by decreasing the range of temperature of the metal sur- 
faces of the cylinders, or the difference of temperature of the steam at 
admission and exhaust. When high-pressure steam is admitted into a single- 
cylinder engine a large portion is condensed by the comparatively ecld 
metal surfaces; at the end of the stroke and during the exhaust the water 
is re-evaporated, but the steam so formed escapes into the atmosphere or 
into the condenser, doing no work; while if it is taken into a second 
cylinder, as in a compound engine, it does work. The steam lost in the first 
cylinder by leakage and clearance also does work in the second cylinder. 
Also, if there is a second cylinder, the temperature of the steam exhausted 
from the first cylinder is higher than if there is only one cylinder, and the 
metal surfaces therefore are not cooled to the same degree. The difference 
In temperatures and in pressures corresponding to the work of steam of 
150 lbs. gauge-pressure expanded 20 times, in one, two, and three cylinders, 
ee es in the following table, by W. H. Weightman, Am. Mach., July 28, 


ee ig? Compound Triple-expansion 

At hs Cylinders. Cylinders. 
Diameter of cylinders, in..| 60 33 61 28 46 6i 
Ave TAMOG: 5000 sire sine so] Us) neon] md 3.416} 1 2.70 4.749 
Exxpansions..... ......+-++ 20 5 4 2.714] 2.714) 2.714 


Initial steam - pressures— 
absolute—pounds........ 165 165 83 165 60.8 22.4 
Mean pressures, pounds. .| 32.96 | 86.11] 19.68 | 121.44 | 44.75 16.49 


Mean effective pressures, 
28.96 | 53.11 | 15.68} 60.64 | 22.385] 12.49 
cylinders....... ...-.--- 366° 866° 259°.9 | 366° 298°.5 | 234°.1 
the cylinders.... ....... 184°.2 | 259°.9 | 184°.2 | 298°.5 | 234°.1 | 1849.2 


Difference in temperatures} 181.8 | 106.1 | 75.7 72.5 59.4 49.9 
Horse-power developed...} 800 399 403 269 268 264 


Speed of piston............ 822 290 290 238 238 238 
‘Total initial pressures on 
pistons, pounds.......... 455,218 | 112,900 | 84,752 | 64,162 | 68,817 | 53,773 


eylinder; that is, the product of the two ratios of expansion. 
Thus, let the areas of the first and second cylinders be as 1 to 314, the) 
strokes being equal, and let the steam be cut off in the first at }4 stroke; the 


Expansion in Bie AAD USN DOSE mrss wees nnepretanyenciaot ate 3“ tag 


Total or combined expansion, the product of the two ratios... 1 to va 


Woolf Engine, without Clearance—ideal Di ms. 
‘The diagrams of pressure of an ideal Woolf engine are shown in ig. 142, a 
they would be described by the indicator, according to the arrows. In thes 
diagrams nq is the atmospheric line, mn the vacunm line. cd the admission 


seer ee ecec cess cece sesecess ssoneersees 
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dg the hyperbolic curve of expansion in the first cylinder, and gh the con- 
d‘—c 


utive expansion-line of back pressure 
or the return-stroke of the first piston, 
nd of positive pressure for the steam- 
ke of the second piston. Atthe point 
at the end of the stroke of the second 
ston, the steam is exhausted into the 
ondenser, and the pressure falls to the 
vel of perfect vacuum, mu. 
The diagram of the second cylinder, 
elow gh, is characterized by the absence 
| of any spa period of accion: the 
whole of the steam-line gh being expan- 
sional, generated by the expansion of 
he initial body of steam contained in 
the first cylinder into the second. When 
the return-stroke is completed, the 
ee ey uae steam iP aneforted Shey : 
e is shut into the second cylin- 4s 
der. The final pressure and volume of F!¢- Br ecretah atic archer gure 
‘the steam in the second cylinder are the ; : = 
) Same as if the whole of the initial steam had been admitted at once into the 
) Second cylinder, and then expanded to the end of the stroke in the manner 
4 @ single-cylinder engine. ? bey 
The net work of the steam is also the same. according to both distributions, 
Receiver-engine, without Clearance—Ideal Diagrams.— 
in the ideal receiver-engine the pistons of the two cylinders are con- 
hected to cranks at right angles to each other on the same shaft. The 
receiver takes the steam exhausted from the first cylinder and supplies it to 
bhe second, in which the steam is cut off and then expanded to the end of 
he stroke. On the assumption that the initial pressure in the second cylin- 
‘der is equal to the final pressure in the first, and of course equal to the pres- 
ySure in the receiver, the volume cut off in the second cylinder must be 
equal to the volume of the first cylinder, for the second cylinder must admit 
‘8s much steam at each stroke as is discharged from the first cylinder. 
N In Fig. 148 cd is the line of admission and hg the exhaust-line for the first 
, 


d ‘de 


nN m 


Fic. 148.—Receiver-ENGInE, IpeaL = Fia. 144.—Rrosrver ENGINE, IDEAL 
: INDICATOR-DIAGRAMS. DIAGRAMS REDUCED AND COMBINED. 


es 


yli . is the expansion-curve and pg the atmospheric line. In 
A Seed the Sihanaine of the first cylinder, between it and the 
ine of perfect vacuum, ol, the diagram of the second cylinder is formed; hi, 
‘the second line of admission, coincides with the exhaust-line hg of the first _ 
ylinder, showing in the ideal diagram no intermediate fall of pressure, and 
is the expansion-curve. The arrows indicate the order in which the dia~ 
ams are formed. A . 

i he receiver-engine, the expansive working of the steam, 
Ripicn sieaty suviced into two" consecutive stages, is, as in the Woolf 
mgine, essentially continuous from the point of cut-off in the first cylinder 
0 the end of the stroke of the second cylinder, where it is delivered to the 
ondenser; and the first and second diagrams may be placed together and 
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combined to form a continuous diagram. For this purpose take the second 
diagram as the basis of the combined diagram, namely, hiklo, Fig. 144. The 
period of admission, hz, is one third of the stroke, and as the ratios of the 
cylinders are as 1 to 3, hi is also the proportional length of the first diagram 
as sprles to the second. Produce oh upwards, and set off oc equal to the 
total height of the first diagram above the vacuum-line; and, upon the 
shortened base hi, and the height he, complete the first diagram with the 
steam-line cd, and the expansion-line di. 

It is shown by Clark (S. E., p. 432, et seg.) in a series of arithmetical cal- 
culations, that the receiver-engine is an elastic system of compound engine, 
in which considerable latitude is afforded for adapting the pressure in the 
receiver to the demands of the second cylinder, without considerably dimin- 
ishing the effective work of the engine. In the Woolf engine, on the 
contrary, it is of much importance that the intermediate volume of space 
between the first and second cylinders, which is the cause of an interme- 
diate fall of pressure, should be reduced to the lowest practicable amount. 

Supposing that there is no loss of steam in passing through the engine, 
by cooling and condensation, it is obvious that whatever steam passes 
through the first cylinder must also find its way through the second cylin- 
der. By varying, therefore, in the receiver-engine, the period of admission 
in the second cylinder, and thus also the volume of steam admitted for each 
stroke, the steam will be measured into it at a higher pressure and of a less 
bulk, or at a lower pressure and of a greater bulk, the pressure and density 
naturally adjusting themselves to the volume that the steam from the re- 
ceiver is permitted to occupy in the second cylinder, With a sufficiently 
restricted admission, the pressure in the receiver may be maintained at the 
ade of the steam As exhausted from the first cylinder. On the con- 

rary, with a wider admission, the eu in the receiver may fall or 
‘drop’ to three fourths or even one 
steam from the first cylinder. 

(For a more complete discussion of the action of steam in the Woolf and 
receiver engines, see Clark on the Steam-engine.) 

Combined Diagrams of Compound Engines.—The only way 
of making a correct combined diagram from the indicator-diagrams of the 
several cylinders in a compound engine is to set off all the diagrams on the 
same horizontal scale of volumes, adding the clearances to the cylinder ca- 


alf of the pressure of the exhaust- 


pacities proper. When this is attended to, the successive diagrams fall ex- 

actly into their right pee relatively to one another, and would compare 
roperly with ay sf eoretical expansion-curve, (Prof. A. B. W. Kennedy 
roc. Inst. M. E., Oct. 1886.) 
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This method of combining diagrams is commonly adopted, but there are 
Objections to its accuracy, since the whole quantity of steam consumed in 
\the first cylinder at the end of the stroke is not carried forward to the 
{ second, but a part of it is retained in the first cylinder for compression. For 
|) & method of combining diagrams in which compression is taken account of, 
pee discussions by Thomas Mudd and others, in Proc. Inst. M. E., Feb., 
887, p. 48. The usual method of combining diagrams is also criticised by 
Frank H. Ball as inaccurate and misleading (Am. Mach., April 12, 1894; 
Trans, A. 8. M. E., xiv. 1405, and xv. 408). 
_, Figure 145 shows a combined diagram of a quadruple-expansion engine, 
)e@rawn. according to the usual method, that is, the diagrams are first reduce: 
Hin length to relative scales that correspond with the relative piston-displace~ 
| ent of the three cylinders. Then the diagrams are placed at such distances 
‘from the clearance-line of the proposed combined diagram as to correctly 
"represent the clearance in each cylinder, 


Calculated Expansions and Pressures in Two-cylinder 
Compound Engines. (James Tribe, Am. Mach., Sept. & Oct, 1891.) 


TWO-CYLINDER CompounD NoNn-CONDENSING. 
Back pressure 14 lb. above atmosphere. 


———$——— 


cae 100 | 440 120 | 130 | 140 | 150 | 160 | 170 | 175 
absolute! 

ceseeee{ 115 | 125 | 135 | 145 | 155 | 165 | 175 | 185 | 190 

Potal expansion.| 7.39 | 7.84 | 8.41 9 | 9.61 |10.24 |10.89 /11.56 |11.9 
Expansions in 

ach cylinder..| 2.7 | 2.8 |.2.9 3 | 3.10 | 3.2 | 3.8 | 3.4 | 3.45 

lus 1.) 1.993} 2.029] 2.064] 2.098] 2.131] 2.163] 2.193] 2.993) 9.938 

High./84.8 /90.5 |96 101.4 11.5 20. 


106.5 116.8 |120.9 |123.2 
cA f @ 184.8 35.2 |35.6 135.7 
High,|42.5 /44.6 |46.5 |48.3 |50 (51.5 [53 |64.4 [bs 
alg Low..}15.5 |15.5 |15.5 |15.5 |15.5 15.5 15.5 15.5 115.5 
effective J High.|42.3 |45.9 |49.5 [53.1 {56.5 |60  |6s.8 |oo.5. \es.2 
Siteotive | High 15.8 /16.8 [17.6 [18.2 ]18.8 |19.3 19.7 |20.1 |20.2 
ressures { 
tio-cylinder 


wpareas ....,.....| 2.67 | 2.73 | 2.81 | 2.91 | 3 3.11 | 3.21 | 8.31 | 3.37 


Sn 
Two-CYLINDER CompounD CONDENSING. 
ack pressure, 6.5 lbs. above vacuum . 


litial gauge-pressures. .. 90 | 100 | 110 | 120 | 180 | 140 { 150 
hitial absolute pressures. 105 | 115 | 125 | 135 | 145 | 155 | 165 
robable per cent of loss. 2.6 {2.9 |} 3.3 138.6 {3.8 | 4.0 | 43 
tal expansions ..... 1.7 117, 18.5 !20 21.5 |22.7 [24.2 
xps. in each cylinder. 3.96 | 4.13 | 4.3 | 4.47 | 4.64 | 4.77 | 4,92 
esgeoayer 2.376] 2.418] 2.458) 2.497] 2.534] 2.562] 2.593 
High. - |62.9 67.3 [71.4 |%5.4 |79.8 183.2 [87 

Low e- {15.25 [15.55 [15.9 ]16.2 }16.5 [16.75 117.05 

High. «|26.5 |27.8 |29 80.2 {31.4 |32.4 133.5 

4.3 14.3 14.3 (43 |4.38 [4.3 | 4.3 

36.4 |39.5 |42.4 |45.2 47.9 150.8 (58.5 

10.95 ]11.25 }11.6 11.9 [12.2 [12.45 |12.75 


Tee ata ree i : ‘55 | 6. 
- (25:3. 26.6 le7:s |29° 30.2 |st.4 |ge'4 
3.32 | 3.51 | 3.66 | 8.8 | 3.92 | 4.08 | 4.19 


he probable percentage of loss, line 3, is thus explained: There is always 
oss of heat due to condensation, and which increases with the pressure of 
m. The exact percentage cannot be predetermined, as it depends 
gely upon the quality of the non-conducting covering used on the cylin- 
receiver, and pipes, etc., but will probably be abont as shown. 
roportions of Cylinders in Compound Engines,—Authori- 
differ as to the proportions by volume of the high and low pressure 
linders vy and V. Thus Grashof gives V+ v = 0.85 /r; Hrahak, 0.90 Vr} 


A 
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a 8 con ‘ 
‘Werner, Vr; and Rankine, 4/72, r being the ratio of expansion. Busley 
makes the ratio dependent on the boiler-pressure thus: 


Lbs. per BQ. iN......c.cseeeereseecere 60 90 105 120 
I Tiger ty Th aa liane emg HMR gabe Oe thei km aan 4 4.5 5 


(See Seaton’s Manual, p. 95, ete., for analytical method; Sennett, p. 496, 
etc.; Clark’s Steam-engine, p. 445, ete; Clark, Rules, Tables, Data, p. 849, etc.) 
Mr. J. McFarlane Gray states that he finds the mean effective pressure in | 
the compound engine reduced to the low-pressure cylinder to be approxi- — 
mately the square root of 6 times the boiler-pressure. ; 
Approximate Horse-power of a Modern Compound — 
Marine-engine. (Seaton.)—The following rule will give approximately — 
the horse-power developed by a compound engine made in accordance with | 
2 
modern marine practice, Estimated H.P. = DX VexXE Xe 


D = diameter of l.p. cylinder; p = boiler-pressure by gauge; 
R = revs. per min.; S = stroke of piston in feet. 


Ratio of Cylinder Capacity in Compound Marine En= 
gimes. (Seaton.)—The low-pressure cylinder is the measure of the power 
of a compound engine, for so long as the initial steam-pressure and rate of 
expansion are the same, it signifies very little, so far as total power only is 
concerned, whether the ratio between the low and high-pressure cylinders 
is 3 or 4; but as the power developed should be nearly equally divided be- 
tween the two cylinders, in order to get a good and steady working engine, "| 
there is a necessity for exercising a considerable amount of discretion in 
fixing on the ratio. : 

In choosing a particular ratio the objects are to divide the power evenly 
and to avoid as much as possible ‘‘drop ” and high initial strain. 

If increased economy is to be obtained by increased boiler-pressures, the | 
rate of expansion should vary with the initial pressure, so that the pressure © 
at which the steam enters the condenser should remain constant. In this | 
case, with the ratio of cylinders constant, the cut-off in the high-pressure 
cylinder will vary inversely as the initial pressure, ] 

Let R be the ratio of the cylinders; 7, the rate of expansion; p, the initial ||] 
pressure: then cut-off in high-pressure cylinder = R + 1; 7 varies with p,, 
so that the terminal pressure pn is constant. and consequently r =p; + pnj 
therefore, cut-off in high-pressure cylinder = R_X pn+ Pi. 

Ratios of Cylinders as Found in Marine Practice.—tThe | 
rate of expansion may be taken at one tenth of the picceo ees (or about 
one twelfth the absolute pressure), to work economically at full speed. | 
Therefore, when the diameter of the low-pressure cylinder does not exceed 
100 inches, and the boiler-pressure 70 lbs., the ratio of the low-pressure to] 
the oy ae ope eylinder should be 3.5; for a boiler-pressure of 80 Ibs., 3.755, 
for 90 lbs., 4.0; for 100 Ibs., 4.5, If these proportions are adhered to, there | 
will be no need of an expansion-valve to either cylinder. If, however, to 
avoid ‘‘drop,”’ the ratio be reduced, an expansion-valve should be fitted to] 
the high-pressure cylinder. ; 

Where economy of steam is not of first importance, but rather a large” 
power, the ratio of cylinder capacities may with advantage be decreased, 
so that with a boiler-pressure of 100 Ibs. it may be 3.75 to 4, ; 

In tandem engines there is no necessity to divide the work equally. The 
ratio is generally 4, but when the steam-pressure exceeds 90 lbs, absolute 4.5 
is better, and for 100 lbs. 5.0. | 

When the power requires that the 1. p. cylinder shall be more than 100 in. | 
diameter, it should be divided in two cylinders. In this case the ratio of the) 
combined capacity of the two 1. p. cylinders to that of the h. p. may be 3.07) 
for 85 Ibs. absolute, 3.4 for 95 Ibs., 8.7 for 105 Ibs., and 4.0 for 115 Ibs, 

Receiver Space in Compound Engines should be from1 
1.5 times the capacity of the high-pressure cylinder, when the cranks are at) 
an angle of from 90° to 120°. When the cranks are at 180° or nearly this, 
the space may be very much reduced. In the case of triple-compound en= 
gines, with cranks at 120°, and the intermediate cylinder leading the high= 
pressure, a very small receiver will do. The pressure in the receiver should 
never exceed half the boiler-pressure. (Seaton.) d 
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@ormula for Calculating the Expansion anu the Work 
of Steam in Sompound Engines, 


(Condensed from Clark on the “ Steam-engine.”} 


@ = area of the first ey adcr in square inches; 

a’ = area of the second cylinder in square inches; , 

¥ = ratio of the capacity of the second cylinder to that of the firsts 

L= length of stroke in feet, supposed to be the same for both cylinders: 

t= period of admission to the first cylinder in feet, excluding clearance; 
) _¢ = clearance at each end of the cylinders, in parts of the stroke, in feet; 
JL’ = length of the stroke plus the clearance, in feet; 
¥ = period of admission plus the clearance, in feet; 
_ & = length of a given part of the stroke of the second cylinder, in feet; 

P= total initial pressure in the first cylinder, in lbs. per square inch, sup- 
posed to be uniform during admission; 

¥” = total pressure at the end of the given part of the stroke s; 

= average total pressure for the whole stroke; 

3 = nominal ratio of expansion in the first cylinder, or L -+ 2% 

F’ = actual ratio of expansion in the first cylinder, or L/ + 1’; 

R’= oe pompmnes ratio of expansion, in the first and second cylinders 
ogether; 

n = ratio of the final pressure in the first cylinder to any intermediate 
fall of pressure between the first and second cylinders; 

WN = ratio of the volume of the intermediate space in the Woolf engine, 
reckoned up to, and including the clearance of, the second piston, 
to the capacity of the first cylinder plus its clearance. The value 
of NV is correctly expressed by the actual ratio of the volumes as 
stated, on the assumption that the intermediate space is a vacuum 
when it receives the exhaust-steam from the first cylinder. In point 
of fact, there is a residuum of unexhausted steam in the interme- 
diate space, at low pressure, and the value of N is thereby prac- 


tically reduced below the ratio here stated. N= — te L 


@ = whole net work in one stroke, in foot-pounds. 
Ratio of expansion in the second cylinder: 


(Ey 
In the Woolf engine, —_77 + 


In the receiver-engine, (a=, 


Total actuul ratio of expansion = product of the ratios of the thr3e con- 
secutive expansions, in the first cylinder, in the intermediate space, 
Ju the second cylinder, 


In the Woolf engine, R’ ( Z + N), 


In the receiver-engine, Bee or rR’, 


Uv 
Combined ratio of expansion behind the pistons = =) = R", 


Work done in the two cylinders for one stroke, with a given cut-off and & 
given combined actual ratio of expansion; 


Woolf engine, w = aP[l/(1 + hyp log R”) — c}; 
Receiver engine, w= aP} (1+ hyp log R”) = e(1 +2 ae 


hen there is no intermediate fall of pressure, 
Ewen Gere is an intermediate fall, when the pressure falls to 34, 6.24 of 
the final pressure in the Ist cylinder, the reduction of work is 0.8%, 1.0%, 4.6% 
of that when there is no fall. 
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Total work in the two cylinders of a receiver-engine, for one stroke for 
any intermediate fall of pressure, 


w= aP[r(e +? + hyp log R”) = o(1 — )I]- 


Exampie.—Let a = 1:sq. in., P = 63 Ibs., U’ = 2.42 ft., n = 4, R” = 5.969, 
e= ft. r=3, R= 2.68; 


w = 1 x 68[ 2.42(6/4 hyp log 8.969) — .4(14+ 2%? 


pes |] = 421.55 ft.-Ibs. 


Calculation of Diameters of Cylinders of a compound con- 
densing engine of 2000 H.P. at a speed of 400 feet per minute, with 100 lbs. 
boiler-pressure. 

Ibs. gauge-pressure = 115 absolute, less drop of 5 Ibs. between boiler 
and cylinder = 110 lbs, initial absolute pressure. Assuming terminal pres- 
sure in |, p. cylinder = 6 lbs., the total expansion of steam in both cylinders 
= 110+6 = 18,338. Hyp log 18.33 = 2,909. Back pressure in 1. p. cylinder, 
38 lbs. absolute. 

The following formule are used in the calculation of each cylinder : 

Wh eee ob acts H.P. X 33,000 

CD a Reaos Cy Maeno M.E.P. x piston-speed” 

(2) Mean effective pressure = mean total pressure — back pressure. 

3) Mean total pressure = terminal pressure X (1-++ hyp log R). 

4) Absolute initial pressure = absolute terminal pressure X ratio of ex- 

ansion. 

E First calculate the area of the low-pressure cylinder as if all the work 
were done in that cylinder. 

From (3), mean total pressure = 6 X (1 + hyp log 18.38) = 23.454 Ibs, 

From (2), mean effective earl = fae — 3= 20.454 lbs, 

4 ‘ x 383, 4 5 4 

From (1), area of cylinder = 20,454 x 700 = 4610 sq. ins. = 76.6 ins. diam. 


If half the work, or 1000 H.P., is done in the 1. p, cylinder the M.E.P. will 
be hale San found above, or 10.227 lbs., and the mean total pressure 10.227 -- 

= 18. S. 

From (3), 1+- hyp log R = 18.227 + 6 = 2.2045. 

Hyp log R = 1.2045, whence R in 1. p. eyl. = 3.835. 

From (4), 3.335 x 6 = 20.01 lbs. initial pressure in 1. p. cyl. and terminal 
pressure in h, p. cyl., assuming no.drop between cylinders. 

110 + 20,01 = 18,33 + 8.335 = 5.497, Rin h. p. cyl. 

From (3), mean total pres. in h. p.cyl. = 20.01 x (1 +- hyp log 5.497) = 54.11. 

From (2), 54.11 — 20,01 = 34.10, M.E.P. in h. p. cyl. 


1000 x 33,000 ci ‘ 3 
From (1), area of h. p. cyl. = aR WES 1882 sq. ins. = 42 ins, diam. 


Cylinder ratio = 4610 + 1382 = 3.336. 

The area of the h. p. cylinder may be found more directly by dividing the 
area of the |. p. cyl. by the ratio of expansion in that cylinder. 4610 + 
3,335 = 1382 sq. ins. 

In the above calculation no account is taken of clearance, of compression, 
of drop between cylinders, nor of area of piston-rods. It also assumes that 
the diagram in each cylinder is the full theoretical diagram, with a horizontal 
steam-line and a hyperbolic expansion line, with no allowance for round- 
ing of the corners. To make allowance for these, the mean effective pres- 
sure in each cylinder must be multiplied by a diagram factor, or the ratio 
of the area of an actual diagram of the class of engine considered, with the 
given initial and terminal pressures, to the area of the theoretical diagram. 
Such diagram factors will range from 0.6 to 0.94, as in the table on p. 745. 

Best Ratios of Cylinders,—The question what is the best ratio of 
areas of the two cylinders of a compound engine is still (1901), a disputed 
one, but there appears to be an increasing tendency in favor of large ratios,, 
even as great as 7 or 8 to 1, with considerable terminal drop in the high~ 
pressure cylinder. A discussion of the subject, together with a description 
of a new method of drawing theoretical diagrams of multiple-expansion 
engines, taking into consideration drop, clearance, and compression, will be | 
found in a paper by Bert C, Ball, in Trans. A. 8, M. B,, xxi. 1002 
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TRIPLE-EXPANSION ENGINES, 


proportions of Oylinders.—H. H, Suplee, Mechanics, Nov. 1887, 
gives the following method of proportioning cylinders of triple-expansion 
engines: 

As in the case of compound engines the diameter of the low-pressure 
cylinder is first determined, being made large enough to furnish the entire 
power required at the mean pressure due to the initial pressure and expan- 
ae mene Rigen Pri: pela eee is ou given pressure enough to per- 

orm one third o: € work, and the other cylinders are proportioned 
divide the other two thirds between them. 2 was ned Rona 

Let us sap pore that an initial pressure of 150 Ibs. is used and that 900 H.P. 
is to be developed at a piston-speed of 800 ft. per min., and thatan expan- 
sion ratio of 16 is to be reached with an absolute back pressure of 2 Ibs. 

The theoretical M.E.P. with au absolute initial pressure of 150 + 14,7 = 
164.7 lbs, initial at 16 expansions is 

: 1 + hyp log 16 oF 
POE hyp log 1) _ 164.7 x 5.772 88.83, 


Jess 2 Ibs. back pressure, = 38.83 — 2 = 36.83. 

In practice ae about 0.7 of this pressure {is actually attained, go that 
86.83 a = 25.781 Ibs. is the M.E.P. upon which the engine is to be pro- 

ortioned. 

. To obtain 900 H.P. we must have 33,000 X 900 = 29,700,000 foot-pounds, and 

this divided by the mean pressure (25.78) and by the speed in feet (800) will 
ive 1440 sq. in, for the area of the l. p, cylinder, about equivalent to 43 in. 
iam, 

Now as one third of the work is to be done in the 1. p. cylinder, the M.E.P, 
in it will be 25.78 + 3 = 8.59 Ibs. 

The cut-off in the high-pressure cylinder is generally nae to cut off 
at 0.6 of the stroke, and so the ratio of the h. p. to the 1. p. cylinder is equal 
to 16 X 0.6 =9.6, and the h. p. cylinder will be 1440+-9.6 = 150 sq. in. area, or 
about 14 in. diameter, and the M.E.P. in the h. p. cylinder is equal to 
9.6 X 8.59 = 82.46 Ibs. 

If the intermediate cylinder is made a mean size between the other two, 
its size would be determined by dividing the area of the 1. p. cylinder by the 
square root of the ratio between the low and the high; but in practice this is 
found to give a result too large to equalize the stresses, so that instead the 
area of the int. cylinder is found by dividing the area of the. p. piston by 
| 1.1 times the square root of the ratio of ]. p. to h. p. cylinder, which in this 
‘ease is 1440 + (1.1 4/9.6) = 422.5 sq. in., or alittle more than 23 in. diam. 

', The choice of expansion ratio is governed by the initial pressure, and is 
generally chosen so that the terminal pressure in the 1. p. cylinder shall be 
about 10 Ibs. absolute. 

Formulz for Proportioning Cylinder Areas of Triple- 
Expansion Engines,.—the following formule are based on the method 
ot first finding the cylinder areas that would be required if an ideal hyper- 
bolic diagram were obtainable from each cylinder, with no clearance, com- 
‘pression, wire-drawing, drop by free expansion in receivers, or loss by 
cylinder condensation, assuming equal work to be done in each cylinder, 
and then dividing the areas thus found by a suilable diagram factor, such as 
those given on page 745, expressing the ratio which the area of an actual 
diagram, obtained in practice from an engine of the type under considera- 
tion, bears to the ideal or theoretical diagram. It will vary in different classes 
of engine and in different cylinders of the same engine, usual values sek a 

und 


from 0.6 to 0.9. When any one of the three stages of expansion takes 
in two cylinders, the combined area of these cylinders equals the area for 
_ by the formule. 
| NOTATION. 
P, = initial pressure in the high pressure cylinder. 
pz = terminal ‘‘ a SY, low pressure $e 


Pp ps back “ e oe & 
P_ = term. press. in h. p. cyl. and initial press. in intermediate cyl. 
De= pata CO A pate RCT we Lp, oy. 


3 — ¢) * 

| R,. Ra, Rs, ratio of exp. in h. p. int. and 1. p. cyls. 
= total ratio of exp. = R, x Rg x Rs. 

f # = means effeo. pre of the combined ideal diagram, referred to the 


A p. cyl. 
4 
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P,, Po, P3 = m. e. p. in the h. p., int., and 1. p, eyls. 
HP = florse-power of the engine = PLA,N = 33,000. : 

L = length of stroke in feet; N = number of single strokes per min, 
A,, Ag, Ag, areas (sq. ins.) of h. p. int. and 1. p. cyls. (ideal). 

W = work done in one cylinder per foot.of stroke.- 

1, = ratio of A, to Aj; 1's = ratio of A, to A,. 
F,, F, Fs, diagram factors of b. p. int. and 1. p. cyl. 
@y, Gg, Gs, areas (actual) of it, hn le eed 


Formule, 
(1) R =p; + pt. 
@ PB = ped, a hyp. log. R) — po. 
3 = . 
es) Hyp. log. Rs = (Ps — py + pv) + Pr. | 


(5) R\Rg=R+R3; Ry = Rg = * R, Ro. 
(6) ps = pt x Rg. 
() Pa =Ds x Ry. 
(8) py =p2 x Ry. 
(9) Pa = pa(hyp. log. Ry) = PsRs. | 


(10) = pa(hyp. log. R;) = PoRs. 

i) Wao HPS LN. 

f Ay =W+Py; 445=W+Po3} 45= W+ Ps. 

13) rg = Ag+ AV= Py + Po = R, or keyj 13 = 4g + Ay = P, + Py. 


(14) gy = 4A, + Fy3 ag = 49+ Fg; G3 = 437 Fs. 


From these formule the figures in the following tables have been 
calculated: 


THEORETIOAL MEAN EFFECTIVE PRESSURES, CYLINDER RATIOS, ETC., OF TRIPLE . 
EXPANSION ENGINES, 


Back pressure, 31bs. Terminal pressure, 8 lbs. (absolute). 


Pi. R. IRs vers R3. Ps. | Pa. | Pa. | Pi- | %s- 


120 | 15 26.66} 8.89 | 1.626 | 3.037 | 18.01] 89.51} 14.45} 43.39) 4.939 
140 | 17.5 | 27.90} 9.30 | 1.712) 3.197 | 13.70) 43.79] 15.92] 50.89) 5.472 
160 | 20 28.97} 9.66 | 1.790 | 3.343 | 14.32] 47.86] 17.29) 57.76) 5.980 
180 | 22.5 | 29.91] 9.97 | 1.861 | 3.477 | 14.89) 51.77] 18.55) 64.52) 6.471 
200 | 25 30.75] 10.25 | 1.928] 3.601 | 15.42) 55.54] 19.76] 71.16) 6.942 
220 | 27.5 | 31.51] 10.50 | 1.990 | 3.718 | 15.91) 59.16] 20.90) 77,69) 7.397 
240 | 80 82.21] 10.74 | 2.049 | 3.826 | 16.39] 62.72] 22.00) 84.16] 7.839 


Back pressure, 3 lbs. Terminal pressure, 10 Ibs. (absolute). 
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Given the required H.P. of an engine, its ae and length of stroke, and 
the assumed diagram factors F’,, F5, PF; for the three cylinders, the areas of 
the cylinders may be found by using formule (11), (12), and (14), and the 
values of P,, P,, and Py in the above table. : 
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A Common Rule for Proportioning the Cylinders of mu\- 
uple-expansion engines is: for two-cylinder compound engines, the cylinder 
ratio is the square root of thenumber of expansions, and for triple-expansion 
engines the ratios of the high to the intermediate and of the intermediate 
to the low are each equal to the cube root of the number of expansions, the 
ratio of the high to the low being the product of the two ratios, that is, the 
square of the cube root of the number of expansions. Applying this rule to 
the pressures above given, assuming a terminal pressure (absolute) of 10 lbs. 
and 8 lbs, respectively, we have, for triple-expansion engines: 


: Terminal Pressure, 10 lbs. Terminal Pressure, 8 Ibs. 
Boiler- 
pressure ease 
(Absolute). | No. of Ex- | Cylinder Ratios, | No. of Ex- Cylinder Ratios, 
pansions. areas, pansions, areas. 

130 13 1 to 2.35 to 5.53 1614 1 to 2.53 to 6.42 
140 14 1 to 2.41 to 5.81 174% 1 to 2.60 to 6.74 
150 15 1 to 2.47 to 6.08 1834 1 to 2.66 to 7.06 
160 16 1 to 2.52 to 6.35 20 1 to 2.71 to 7.387 


The ratio of the diameters is the square root of the ratios of the areas, and 
the ratio of the diameters of the first and third cylinders is the same as the 
ratio of the areas of first and second. 

Seaton, in his Marine Engineering, says: When the pressure of steam em- 
pioyed exceeds 115 lbs. absolute, it is advisable to employ three cylinders, 
through each of which the steam expands in turn. The ratio of the low- 
pressure to high-pressure cylinder in this system should be 5, when the 
steain-pressure is 125 lbs. absolute; when 135 Ibs. absolute, 5.4; when 145 
lbs. absolute, 5.8; when 155 lbs. absolute, 6.2; when 165 lbs. absolute, 6.6. 
The ratio of low-pressure to intermediate cylinder should be about one half 
that between low-pressure and high-pressure, as given above. That is, if 
the ratio of |. p. to h. p. is 6, that of 1. poate, should be about 3, and conse- 
quently that of int. to h. p. about 2. practice the ratio of int. to h.p. is 
nearly 2.25, so that the diameter of the int. cylinder is 1.5 that of the h. p. 
The introduction of the triple-compound engine has admitted of ships being 
propelled at higher rates of speed than formerly obtained without in| 
the consumption of fuel of similar ships fitted with ordinary compoun 
engines; in such cases the higher power to obtain the speed has been devel- 
oped by decreasing the rate of expansion, the low-pressure cylinder being 

‘ only 6 times the capacity of the high-pressure, with a working pressure of 
170 lbs. absolute. It is now a very general practice to make the diameter of 
the low pressure cylinder equal to the sum of the diameters of the h. p. and 
int. cylinders; hence, 


Diameter of int. cylinder = 1.5 diameter of h. p. cylinder; 
Diameter of |. p. cylinder = 2.5 diameter of h. p. cylinder, 


In this case the ratio of 1. p. to h, p. is 6.25; the ratio of int. to h, p. is 2.25; 
and ratio of 1. p. to int. is 2.78. 

Ratios of Cylinders for Different Classes of Engines. 
(Proc. Inst. M. E., Feb. 1887, p. 86.)—As to the best ratios for the cylinders 
in a triple engine there seems to be great difference of opinion. Considera- 
ble latitude, however, is due to the requirements of the case, inasmuch as 
it would not be expected that the same ratio would be suitable for an eco- 
nomical land engine, where the space occupied and the weight were of 
minor importance, as in a war-ship, where the conditions were reversed. In 
the land engine, for example, a theoretical terminal pressure of about 7 
lbs. above absolute vacuum would probably be aimed at, which would give 
a ratio of capacity of high pressure to low pressure of 1 to 8% or 1 to 
9; whilst in a war-ship a terminal pressure would be required of 12 to 13 lbs. 
which would need a ratio of capacity of 1 to 5; yet in both these instances 
the cylinders were correctly proportioned and suitable to the requirements 
of the case, It is obviously unwise, therefore, to introduce any hard-and- 
fast rule. 

Types of Three-stage Expansion Engines,.—1. Three cranks 
at 120 deg. 2. Two cranks with Ist and 2d cylinders tandem. 3. Two 
cranks with Ist and 3d cylinders tandem. The most common type is the 
first, with cylinders arranged in the sequence high, intermediate, low, 
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Sequence of Cranks.—Mr. Wyllie (Proc. Inst. M. E., 1887) favors the 
sequence high, low, intermediate, while Mr. Mudd favors high, intermediate, 
low. The former sequence, high, low, intermediate, gave an approximately 
horizontal exhaust-line, and thus minimizes the range of temperature and 
the initial load; the latter sequence, high, intermediate, low, increased the 
range and also the load. 

Mr. Morrison, in discussing the question of sequence of cranks, presented 
a diagram showing that with the cranks arranged in the sequence high, 
low, intermediate, the mean compression into the receiver was 1914 per cent 
of the stroke; with the sequence high, intermediate, low, it was 57 per cent, 

In the former case the compression was just what was required to keep 
the receiver-pressure practically uniform; in the latter case the compression 
see a variation in the receiver-pressure to the extent sometimes of 
2a) DS. 

Velocity of Steam through Passages in Compound 
Engines. (Proc. Inst. M. B., Feb. 1887.)—In the SS, Para, taking the area 
of the cylinder multiplied by the piston-speed in feet per second and 
dividing by the area of the port the velocity of the initial steam through 
the high-pressure cylinder port would be about 100 feet per second; the ex- 
haust would be about 90. In the intermediate cylinder the initial steam 
had a velocity of about 180, and the exhaust of 120, In the low-pressure 
cylinder the initial steam entered through the port with a velocity of 250, 
and in the exhaust-port the velocity was about 140 feet per second. 


' QUADRUPLE-EXPANSION ENGINES, 


H. H. Suplee (Trans. A. S. M. E,, x. 583) states that a study of 14 different 
quadruple-expansion engines, nearly all intended to be operated at a pres- 
sure of 180 1bs. per sq. in., gave average cylinder ratios of 1 to 2, to 3.78, to 
7.70, or nearly in the proportions 1, 2, 4, 8. 

If we take the ratio of areas of ay two adjoining cylinders as the fourth 
root of the number of expansions, the ratio of the 1st to the 4th will be the 
enbe of the fourth root. On this basis the ratios of areas for different pres- 
sures and rates of expansion will be as follows: 


Gauge- Absolute Terminal Ratio of Ratios of Areas 
pressures, Pressures. | Pressures. | Expansion. of Cylinders. 
; 12 14.6 P0795 SrBh side 
160 160.) 10 17.5 1:2.05:4.18: 8.55 
8 21.9 1: 2.16: 4.68: 10.12 
12 16.2 1:22.01: 4.02: 8.07 
180 195 10 19.5 1:2.10; 4.42: 9.28 
8 24.4 1: 2,22: 4.94: 10,98 
12 17.9 1:22.06: 4.28: 8.70 
200 215 10 21.5 1; 2.15: 4.64: 9.98 
8 26.9 1: 2.28: 5.19: 11.81 
12 19.6 1: 2.10: 4.48: 9.31 
220 285. 10 23.5 1: 2,20: 4.85 : 10.67 
8 29.4 1: 2.33: 5.42: 12.62 


— 


_ Seaton says: When the pressure of steam employed exceeds 190 lbs. abso- 
jute, four cylinders should be employed, with the steam expanding through 
each successively; and the ratio of 1. p. toh. p. should be at least 7.5, and 
if economy of fuel is of prime consideration it should be 8; then the ratio 
of first intermediate to h. p. should be 1.8, that of second intermediate to 
first int. 2, and that of 1. p. to second int, 2.2, 

In a paper read before the North Hast Coast Institution of Engineers and 
Shipbuilders. 1890, William Russell Cummins advocates the use of a four- 
cylinder engine with four cranks as being more suitable for high speeds 
than the three-cylinder three-crank engine. The cylinder ratios, he claims, 
should be designed so as to obtain equal initial loads in each cylinder. The 
ratios determined for the triple engine are 1, 2.04, 6.54, and for the quadru- 
ple, 1, 2,08, 4.46, 10.47. He advocates long stroke, high piston-speed, 100 rev- 
Olutions per minute, and 250 lbs. boiler-pressure, unjacketed cylinders, and 
separate steam and exhaust valves, 
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Diameters of Cylinders of Recent Triple-expansion 
Engines, Chiefly Marine, 


Compiled from several sources, 1890--1893, 
Diam. in inches: H = high pressure, I = intermediate, L = low pressure, 


| | ee ary ae oe on ee ca 
8 | 54) 8 9 18) 25.6 at | oo | ge 49 36 | 58 | 94 
$4] 7.5] 13 | i644] 2876 38. ga {Cao | 88, | 81-5} 00 
6.5} 10.5] 16.59 16.5 24.5] 4 31 23.5) 38 | 60 ost 56 | 86 
% 12.5) 17 | 27 | 44 | 24° | 37 | 56 | 39°| 61 | 97 
7.1] 11.8] 18.9) 17 | 26.51 42 | 25 | 40 | 64 | 40 | 59 | 86 
7.5) 12 | 19 # i | 98° | 45 | 96 69 f 40 | 67 | 106 
8 | 11.5] 16 [| 18 | 27 | 40 f 26 | 42.5) 70 | 40 | 66 | 100 
Feces Fae eb aed Cope: 
9.8| 15.7 7 196! 67 | 10634 
0 | 16° | 25 f 18.7] 29.5] 43.91 29:8) 48 | 73 1 42°] 59 | god 
11 | 16 | 24 9 1884) 23:6] 35.41 30 | 48 | v7 | a3 | 66 | op 
ii | 18 | 25 9 19-7] 20.6 47. 46 | 70 | 43 | 68 | 110 
11 | 18 | 80 f 20° | 30] 45 | 32 | 51 | se | 43s 67 | 100g 
11.5] 18 | 28.59 99 | 995) {36 64 | 82 f a5] v1 | 113 


. : 5 a 85 
15 24 89 21.9) 34 57 34.5] 57 92 387 


Where the figures are bracketed there are two cylinders of akind. Two 
128’ = one 39.6/’, two 31” = one 43.8’, two 82.5’ = one 46.0’, two 36/’ = one 
150.9’, two 37” = one 52.3”, two 40” = one 56.6”, two 81.5” = one 115”, two 
185.7" = one 121”, two 98’ = one 140”. ‘Che average ratio of diameters of 
‘cylinders of all the sa ls in the above table is nearly 1 to 1.60 to 2.56 and 
the ratio of areas nearly 1 to 2.56 to 6.55. 

The Progress in Steam-engines between 1876 and 1893 is shown 
jin the poner ue comparison of the Corliss engine at the Centennial Exhibi- 
tion in 1876 and the Allis-Corliss quadruple-expansion engine at the Chicago 
Exhibition. 


Q pea 1876, 
5 } uadruple- 
Engine. ........c006 Pad cov saiiee aisteeckends ee } Simple 
Cylinders, number... 4 2 

se diameter.. 24, 40, 60, 70 in, 40 in. 

« stroke... a 72 in. 120 in, 
Ply-wheel, diameter..... ae 80 ft. 30 ft. 

% width of face, ae 76 in, y ,.24in. 

= weight........ 186,000 Ibs, 125,440 Ibs. 
Revolutions per pune poet # on a> 

apacity, economical...... tke Bi 5g 

4 cede maximum......... seis 3000 H.P. 2500 H.P. 
BPOtAL WEEE. 2 ss cca: na veas step ec qumet 650,000 lbs. 1,360,588 Ibs. 


The crank-shaft body or wheel-seat of the Allis engine has a diameter of 
21 inches, journals 19 inches, and crank bearings 18 inches, with a total 
‘length of 8 feet. The crank-disks are of cast iron and are 8 feet in diam- 
eter. The crank-pins are 9 inches in diameter by 9 inches long. 

A Double-tandem 'Triple-expansion Engine, built by Watts, 
Campbell & Co., Newark, N. J., is described in Am, Macli., April’ 26, 1894. 
it is two three-cylinder tandem engines coupled to one shaft, cranks at 90°, 
-eylinders 21, 82 and 48 by 60 in. stroke, 65 revolutions rer minute, rated H.P. 
2000; fly-wheel 28 feet diameter, 12 ft. face, weight 174,000 Ibs.; main shaft 
‘2 in. diameter at the swell; main journals 19 x 38in.; crank-pins % x 10 
lin.; distance between centre lines of two engines 24 ft. in.; Corliss 
‘valves, with separate eccentrics for the exhaust-valves of the |,p, cylinder. 
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ECONOMIC PERFORMANCE OF STEAM-ENGINES. 


enveloped 
Gases im the smoke-box. Net boiler pressure 199 > DS Dario pres 
Gre in cylinders &) Ibe. per aq. 
Cutoff percest.......0.3 35 232 3 S B® @ 2? ®& 
Actual ratio of expansion 3.91 3.41 287 253 23 1% 1313123 
oh gases 


2s —The test 
resaits obteimed WER a cyinég= Si XG = aod seam 
bested 50 F.. 3 ao S3¢ to 424, total Resse = 


3. Saseze Criaspees oF Swarm, Suz 8 of 9s Due Jace, Sos 
cospessise.—The best results are oltaimed at 2 cut of 33 per ecat, wk 
SS Be. een pereeene ie the cyledcn, sheet oe at Wee pers 


re 
i 
iL 


PRM tS 
tur i wo wt 


Dexter, Nos 0, 31, 2,33) x35 
Dallas, Nos. 27,3, 9....| Bx 
Gallatin, Nos 34, 55, 21) 39 1 x 


_ KBeed-water Consumpticen i ‘Types of 

—The following tables are take= from the ee ee ee 
(Asherait . Co 198%). Im the first of the Dwo collagens ender Feed water 
Required. i= the tables for 


k=, with 8 clearance of 35 of the p&sten-dixplacemest. 
‘Fable No. 2 gives the fecd-wsier comsumpiiom for Jeckcted compoundcom 
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densing engines of the best class, The water condensed in the jackets is 
included in the quantities given. The ratio of areas of the two cylinders are 
as 1 to 4 for 120 lbs. pressure; the clearance of each cylinder is 3%; and the 
cut-off in the two cylinders occurs at the same point of stroke. ‘he initial 

ressure in the 1. vs: cylinder is 1 lb, per sq. in. below the back-pressure of the 

7 Me cylinder, The average back pressure of the whole stroke in the 1. p. 

cylinder is 4.5 Ibs. for 10% cut-off; 4.75 lbs. for 20% cut-off; and 5 lbs. for 304 
cut-off, The steam accounted for by the indicator at cut-off in the h. p. 
cylinder (allowing a small amount for leakage) is .74 at 10% cut-off, .78 at 
20%, and .82 at 30% cut-off. The loss by condensation between the cylinders 
is such that the steam accounted for at cut-off in the ]. p. cylinder, ex- 
pressed in proportion of that shown at release in the h, p. cylinder, is .85 at 
10% cut-off, .87 at 20% cut-off, and .89 at 30% cut-off. 

The data upon which table No. 8 is calculated are not given, but the feed- 
water consumption is somewhat lower than has yet been reached (1894), the 
- lowest steam consumption of a ripe Op. engine yet recorded being 11.7 lbs. 

‘A 0. 


is 
‘ FEED-WATER CONSUMPTION, SIMPLE ENGINES. 
NON-CONDENSING ENGINES. CONDENSING ENGINES, 
& o Feed-water Re- 2 o Feed-water Re- 
5 5 quired per I.H.P. 3 5 quired per I.H.P. 
= é per Hour. = 7 per Hour. 
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TABLE No. 2. 
FEED-WATER CONSUMPTION FoR ComPouND ConDENSING ENGINES. : 


Initial Pressure above | Mean Effective Press- 


P Feed-water 
Cut-off, Atmosphere. Atmosphere, Requir a 
per cent. per T.H.P. per 
H.P. Cyl., | L.P. Cyl. | H.P. Oyl., | L.P. Cyl. 
Ibs. | tos: ps? | yg?” | Hour, Lbs. 
80 4.0 11.67 2.65 16.92 
10 100 7.3 15.33 3.87 15.00 
120 11.0 18.54 5.23 13.86 
80 4.3 26.78 5.48 14.60 
20 100 8.1 33.13 56 13.67 
120 12.1 39.29 9.74 13.09 
80 4.6 37.61 7.48 14.99 
30 100 8.5 46.41 10.10 14.21 
120 11.7 56.00 12.26 13.87 
: TABLE No. 3. 
FEED-WATER CONSUMPTION FOR TRIPLE-EXPANSION CONDENSING ENGINES. 
Initial Pressure above 
Qut-off, Atmosphere. Mean Effective Pressure. gto raiions d 
per per L.H.P. 


120 87.8 1.3 38.5 17.1 6.5 12.05 

30 140 43.8 ‘2.8 46.5 18.6 7.1 11.4 
160 49.3 3.8 55.0 20.0 8.0 10.7 

20 38.8 2.8 51.5 22.8 8.6 11.65 

40 140 45.8 3.9 59.5 23.7 91 11.4 
160 51.3 5.3 70.0 25.5 10.0 10.85 

120 89.8 8.7 60.5 26.7 10.1 12.2 

50 140 46.8 4.8 70.5 28.0 10.8 11.6 

! 160 52.8 6.3 82.5 30.0 11.8 11.15 


Most Economical Point of Cut-off in Steam-engines, 
(See paper by Wolff and Denton, Trans. A. 8. M. E., vol. ii. p. 147-281; also, 
Ratio of Expansion at Maximum Efficiency, R. H. Thurston, vol. ii. p. 128.) 
—The problem of the best ratio of expansion is not one of economy of con- 
sumption of fuel and economy of cost of boiler alone. The question of 
interest on cost of engine, depreciation of value of engine, repairs of engine, 
ete., enters as well; for as we increase the rate of expansion, and thus, 
within certain limits fixed by the back-pressure and condensation of steam, 
decrease the amount of fuel required and cost of boiler per unit of work, 
we have to increase the dimensions of the cylinder and the size of the en- 
gine, to attain the required power. We thus increase the cost of the engine, 
ete., as we increase the rate of expansion, while at the same time we de- | 
crease the fuel consumption, the cost of boiler, etc. So that there is in 

_ every engine some point of cut-off, determinable by calculation and graphi- 
cal construction, which will secure the greatest efficieney for a given expen- 
diture of money, taking into consideration the cost of fuel, wages of engineer 
and firemen, interest on cost, depreciation of value, repairs to and insurance 
of boiler and engine, and oil, waste, ete., used for engine. In case of freight- 
carrying vessels, the value of the room occupied by fuel should be consid- 
ered in estimating the cost of fuel. = 

Sizes and Calculated Performances of Vertical High= 
speed Engines.—tThe following tables are taken from a circular of the 
Field Engineering Co., New York, describing the engines made by the Lake 
Erie Engineering Works, Buffalo, N. Y. The engines are fair representatives 

of the type now coming largely into use for driving dynamos directly with- 
out belts. The tables were calculated by E. F, Williams, designer of the 
engines, They are here somewhat abridged to save space; 
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Simple Engines—Non-condensing. 


Dimen- 


26 


a a a qd 5 
2 o|s H.P..when | H.P. when | H.P. when | Te 
S| 3 | | Cutting of | Cutting off | Cutting of cite BES 
eg or) 
el “ $ at 1/5stroke.| at 14 stroke.| at 14 stroke. Wines eee . 2 
Es | & | £$ | 7| 20 | 90 | 70 | 80 | 90 | 70 | 80 | 90 ¢ | 4 
B42 | & |S? lps. |tbs. |tbs. Ibs. |Ibs. Ibs. Ibs. |Ibs.|Ibs.| 7% 1") & % 
716} 10 | 370] 20) 25] 30] 26] 31] 36] 32) 37] 4314 | 4] 213 
8ig| 12 | 318] 27] 32] 39] 34) 41] 47] 41] 48 56] 446 | 5 | 294] 36 
1055 | 14 | 277] 41] 49] 60] 52] 62] 71] 63] 74] 85) 5/9”l61<| She) 4 
12 16 | 246] 53] 64] 77] 67] 81] 93] 82| 96] 111] 68”| 9 | 4 | 416 
1344 | 18 | 222] 66] 80] 96] 84] 100] 116] 102] 120| 188] 744 |11 | 4 | 5 
16 20 | 181 | 95] 115] 138] 120] 144] 166] 146] 172| 198] 8’4””/15 | 434] 6 
18 24 | 158 | 119] 144] 173] 151) 181] 208] 188] 215] 248/10 {19 | 5 | 7 
22 28 | 188 | 179| 216] 261| 227] 272] 313] 276| 324] 373/11/8”\28 | 6 | 8 
2414 | 32 | 120 | 221| 267] 322] 281) 336] 386] 340| 400] 460|13’4”\34 | 7 | 9 
27 34 | 112 | 269] 325] 392) 342] 409] 470] 414] 487] 560/14’2”|41 | 8 [10 
Mean eff. press.lb.| 24 | 29 | 35 |30.5/36.5] 42 | 87 |43.5] 50 Norz.—The 
Ratio of expans'n. 5 4 3 nominal-power 
Terminal pressure rating of the en- 
(about)...... Tbs,|17.9| 20 122.3 2.4 25 27.6 29.8 33.3/36.8|8ines is at 80 lbs. 
24 |, 


Cyl.condensat’n, Z| 26 
Steam per I.H.P. 
per hour. Ibs. [32.9 


26 
27 .4)31.2/29.0 


24 
30 


21 | 21 |gauge pressure, 


steam cut-off at 


27.9] 32 |31.4| 30 |24 stroke. 


Compound Engines — Non-condensin 


Cylin. 
a |S 
Gpisder) | |= 
'y linder, a 
inches. g gs 
-j¥ead 
o|/58 
2 (37 
a |e | a; | @ |e 
i/il4 
534] 6144/12 | 10 | 370 
‘4 ue 1344] 12 | 318 
784| 9 |1644| 14 | 277 
9 |1014|19 "| 16 | 246 
1044/12 |2214| 18 | 222 
12 |1346/25 | 20] 185 
1814/1514)2814] 24 | 158 
16 |18146/8314] 28 | 138 
18 |2016/388 | 82 | 120 
20 (2246/48 | 34 | 112 
2462816152 | 42] 938 
2814133 [60 | 48] 80 


Mean effec. press...lbs 


Ratio of expansion.... 


Cyl. condensation, %... 
Ter. press. (about).lbs. 
Loss from expanding 

below atmosphere, % 
St. perI.H.P. p. hr.lbs. 


der and Rece 


H.P.when cutting, 
off at 14 Stroke 
in hp. Cylinder. 


90 | 180 | 150 


80 80 
Ibs. |Ibs. |Ibs. |Ibs.|Ibs. 


SReGESRaRo 


180 


Cyl. 
Ratio, 


3.3] 6. 


1314 
14| 14 
7.3) 7.7) 7 


84] 15 | 17 
55 | 42 | 47 


9.2 


3 
29 


12 


4% 


High = pressure 


iver’ Jacketed. 


H.P.whencutting| H.P.when cutting 
off at 14 Stroke 
in h.p. Cylinder . 


Cyl. 
Ratio, 


off at 4% Stroke 
in h.p. Cylinder. 


Cyl. Cyl. 
Ratio, | Ratio, 
84g:1.| 446: 1. 


90 | 180 
Ibs. |Ibs. 


150} 80 | 90 | 180} 150 
lbs. |1bs.|Ibs.|Ibs.{lbs. 


558 
715 


880) 838]1048; 
1151/1096)1370 


654 914 


12 | 138 


10.4/10.5 


B20 0:1 2V Ose Ont. 8 
83 .3]27.7/28.7/25.4| 30 |26.2 


13 | 10] 10 | 11) 1 
12 | 14 15.5|04.6|17-8 


ae 
21 | 20 


The original table contains figures of horse-power, etc., for 110 and 120 lbs., 
cylinder ratio of 4 to 1; and 140 lbs., ratio 414 to 1. : 
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Compound-engines—Condensing—S team-jacketed. 


H.P.when cutting|H.P.whencutting|H.P.whencutting 
aie off at 14 Stroke | off at 14 Stroke | off at 44 Stroke 
cDiam. | 3] 8 linn. Gylinder. | in h.p. Cylinder. | in h.p. Cylinder. 
'ylinder, | ‘Oo | 2g |— @——_ 
Inches.” | 2 |88] cyl | cyl. | Cyl. | Cyl. | Oy | Cyl. 
6 | 34 | Ratio, | Ratio, | Ratio, | Ratio, | Ratio, | Ratio, 
ict 431. | 36:1.) 4:1. | g:1 1 4:1. 
2) es — _—_— 
alate na a 80 | 110} 115 | 125] 80 } 110] 115} 125) 80 | 110} 115] 125 
diol Ibs. |ibs. |Ibs. |lbs.|1bs.}lbs.}lbs.|Ibs. Ibs. |Ibs. |Ibs.|lbs. 


744) 831 
19 |2046/388 | 32 | 120 | 446) 602) 535) 624) 558) 714] 691) 758] 714) 981) 959/1070 
Z 572| 772) 686] 801} 715) 915) 887) 972} 915/1258)/1230)1573 
26 2814/52 | 42 | 93 | 838)1131|1006/1174/1048) 1341/1299) 1425/1341 )1844) 1801/2012 
30 [83 (60 | 48 | 80 |1096}1480)1316)1534)1370/1757)1699/1863|1757) 2411 |2356/2632 


Mean effec. press..Ibs.} 20 | 27 | 24 | 28 | 25 | 82 | 31 | 34 | 32 44 | 43 | 48 
Ratio of Expansion...| 134% 1614 10 1214 634 844 


Cyl. condensation, %...} 18 | 18 | 20 | 20 | 15 | 15 | 18 | 18 | 12 | 12] 14 | 14 
St. per I.H.P. p. hr.lbs,|17.3/16.6]16.6/15.2]17.0|16.4|16.3|15.8/17.5/17.0/16.8/16.0 


The original table contains figures for 95 lbs., cylinder ratio 344 to 1; and 
120 lbs., ratio 4 to 1. 


Triple-expansion Engines, Non-condensing.—Receiver 
only Jacketed. 


Horse-power | Horse-power Horse-power 


he 
i a|2 when Cutting | when Cutting | when Cutting 
c ie neten: 3 = off at 42 per off at 50 per off at 67 per 
fianes J gla cent of Stroke | cent of Stroke | cent of Stroke 
: |S 3g in First Cylin- | in First Cylin- | in First Cylin- 
gles der. der, der, 
als ee st 
dP |e Paes Fe he 180 Ibs.| 200 lbs.} 180 Ibs.} 200 Ibs.} 180 Ibs.] 200 Ibs, 
4 ve 12 ‘|10) 370 55 64 70 84 95 108 
5 8 1814 |12) 318 70 81 90 106 120 137 
6 10 1644 |14| 277) 104 121 133 158 179 
4 12 19 |16) 246) 186 158 174 207 267 
1444 18} 222) 195 226 50 296 835 


20 33 52 42] 93) 1048 1215 1341 1592 1801 2053 
2314 | 38 60 [48] 80) 1370 1589 1754 2082 2356 2685 


SS : 
Mean effective press., lbs. 25: 29 82 38 43 49 

No. of expansions.......- 16 13 102 oa 
Per cent cyl. condens.... 


Steam p. 1.H.P. p.hr.,Ibs.| 20.76 { 19.36 | 19.25 {17.00 | 17.89 | 17.20 
Lbs. coal at 8 lb. evap. lbs.| 2.59 2.39 2.40 2.12 2.23 2.15 
Neen TT ei ttn eae 
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Triple-expansion Engines—Condensing—Steame 
Jacketed. Di cea 


Horse-power|Horse-power|Horse-power | Horse-power 


Diameter + |, When Cut- | when Cut- | when Cut- | when Cut- 
Cylinders ; |2 |ting off at 14|ting off at L4|ting off at 14) ting off at 34 
inches, 3 i Stroke in Stroke in Stroke in Stroke in 

© ja | First Cylin- | First Cylin- | First Cylin- | First Cylin~ 
26 er, er, er. er, 
A l26 d di d a 
Ce foi) ees pe SN ae 
- vant ) 
eee eae ‘ I 120} 140) 160] 120) 140} 160] 120) 140] 160] 120) 140] 16¢ 
14] 4] & 18° |Ibs.| lbs.|!Ibs,|1bs.| 1bs.| 1bs.| Ibs.| Ibs.| Ibs. | Ibs.| lbs.| Ibs, 


15 [2434/88 | 32 | 120) 857) 424) 491) 446] 535 602 580} 736] 854] 825) 981/1115 
17 \27 [43 | 84 | 112] 458) 543) 629) 572) 686) 772! 744] 94411095 | 1058/1258]1430 

38 2 796) 922] 838]1006)1131 1089] 1383/1605 | 1551}1844|2096 
2344/38 [60 | 48{ 80) 877/1041/1206/1096/1316 1480 1424/1808}2099 | 2028)2411|2740 


S| JF | — | | | | J —_ J —_ 


Mean effec. press.,lbs.|_16' 19) 22] 20] 24] 27) 26! 33/38.3/ 37] 44] 50 


No. of expansions... 26.8 20.1 | 13.4 ut 89 
Percent cyl. condens.| 19 | 19 | 19 | 16 ; 16) 16 | 12) 12 | 12 8; 8] 8 
St. p.1.H.P. p. hr., tbs.}14.7]18.9]13.3]14.3]18.98]13.2 14.3/18.6]13.0]15.7/14.9114.2 
Coal at81b. evap., Ibs.} 1.8}1.73]1.66|1.78/1.74]1 .65'1.'78]1.70/1.62]1.96/1.86|1.77 


xrype of Engine to_be used where Exhaust-steam is 
needed for HMeating.—In many factories more or less of the steam 
exhausted from the engines is utilized for boiling, drying, heating, ete. 
Where all the exhaust-steam is so used the question of economical use of 
steam in the enuing itself is eliminated, and the high-pressure simple engine 
is entirely suitable. Where only part of the exhaust-steam is used, and the 
quantity so used varies at different times, the question of adopting a caries 
@ condensing, or a compound engine becomes more complex. This problem 
is treated by C. T. Main in Trans. A. 8, M, E., vol. x. p. 48. He shows that 
the ratios of the volumes of the cylinders in compound engines should vary 
according to the amount of exhaust-steam that can be used for heating, A 
case is given in which three different pressures of steam are required or 
could be used, as in a worsted dye-house; the high or boiler pressure for 
the engine, an intermediate pressure for crabbing, and low-pressure for 
boiling, drying, etc. If it did not make too much complication of parts in 
the engine, the boiler-pressure might be used in the high-pressure cylinder, 
exhausting into a receiver from which steam could be taken for running 
small engines and crabbing, the steam remaining in the receiver passing 
into the intermediate cylinder and expanded there to from 5 to 10 lbs. above 
the atmosphere and exhausted into a second receiver. From this receiver 
is drawn the low-pressure steam needed for drying, boiling, warming mills, 
ete, the steam remaining in receiver passing into the condensing cylinder, 
Comparison of the Economy of Compound and Sinzle- 
cy inder Corliss Condensing Engines, each expanding 
about Sixteen Times, (D.S. Jacobus, Trans. A. S, M. E., xii. 943.) 

The engines used in obtaining comparative results are located at Stations 
I. and II. of the Pawtucket Water Co. 

The tests show that the compound engine is about 30% more economical 
than the single-cylinder engine. The dimensions of the two engines are ag 
follows: Single 20” x 48’; compound 15” and 8014’ x 30’. The steam 
used per horse-power per hour was: single 20.35 Ibs., compound 13.73 Ibs. 

Both of the engines are steam-jacketed, practically on the barrels only. 
with steam at full boiler-pressure, viz. single 106.3 Ibs., compound 127.5 Ibs. 
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The steam-pressure in the case of the compound engine is 127 lbs., or 21 
Ibs. higher than for the single engine. If the steam-pressure be raised this 
amount in the case of the single engine, and the indicator-cards be increased’ 
accordingly, the consumption for the single-cylinder engine would be 19,97 
Ibs. per hour per horse-power. 

Two-cylinder vs. Three-cylinder Compound Engine.— 
A Wheelock triple-expansion engine, built for the Merrick Thread Co., 
Holyoke, Mass., is constructed so that the intermediate cylinder may be cut 
out of the circuit and the high-pressure and low-pressure cylinders run as a 
two-cylincer compound, using the same conditions of initial steam-pressure 
and load. The diameters of the cylinders are 12, 16, and 2443 inches, the 
stroke of the first two being 36 in. and that of the low-pressure cylinder 48 


in, The results of a test reported by S. M. Green and G.I. Rockwood, Trans, 


A.S.M. E., vol. xiii. 647, are as follows: In lbs. of dry steam used per I.H.P, 
per hour, 12 and 243% in. cylinders only used, two tests 13.08 and 12,76 Ibs., 
average 12.91. All three cylinders used, two tests 12.67 and 12,90 Ibs., average 
12.79, The difference is only 1%, and would indicate that more than two cylin- S 
ders are unnecessary in a compound engine, but it is pointed out by Prof. 
Jacobus, that the conditions of the test were especially favorable for the 
two-eylinder engine, and not relatively so favorable for the three cylinders. 
The steam-pressure was 142 lbs. and the number of expansions about 25, 
(See also discussion on the Rockwood type of engine, Trans. A. S. M. E., vol. 
xvi.) 4 

Effect of Water contained in Steam on the Efficiency of 
the Steam-engine, (From a lecture by Walter C. Kerr, before the 
Franklin Institute, 1891,)-—-Standard writers make little mention of the effect 
of entrained moisture on the expansive properties of steam, but by common 
cousent rather than any demonstration they seem to agree that moisture 
produces an ill effect simply:to the percentage amount of its presence, 
That is, 5% moisture will increase the water rate of an engine 5%. 

Experiments reported in 1893 by R. C. Carpenter and L. S. Marks, Trans. 
A.S. M. E., xv., in which water in varying quantity was introduced into the 
steam-pipe, causing the quality of the steam to range from 99% to 58% dry, 
showed that throughout the range of qualities used the consumption of dry 
steam per indicated horse-power per hour remains practically constant, and 
indlcated that the water was an inert quantity, doing neither good nor harm, 

Relative Commercial Eoonomy. of Best Modern Types of 
Compound and Triple-expansicn Engines, (J. 1. Denton, 
American Machinist, Dec. 17, 1891.)—The following table and deductions 
show the relative commercial economy of the compound and triple type for 
the best stationary practice in steam plants of 500 indicated horse-power. 
The table is based on the tests of Prof. Schréter, of Munich, of engines built © 
at Augsburg, and those of Geo. H, Barrus on the best plants of America, and 
of detailed estimates of cost obtained from several first-class builders, 


Lbs. water per hour per 
[ H.P., by ieasivonient 18.6 14.0 
Lbs. coal per hour per 


Trip motion, or Corliss engines of 
the twin-compound-receiver con- 


densing type, expanding 16 times, FUP. ascaiine 38 
’ Ps ¢ 8.5 lbs. > 1.60 1.65 
Boiler pressure 120 Ibs. actual evaporation, 


Trip motion, or Corliss engines of { Lbs. water per hour per 
ike triple-expansion four-cylin- H.P., by measurement, } 12.56 12.80 
der-receiver condensing type, ex- + Lbs, coal per hour per 
panding 22 times, Boiler pressure, H.P., assuming 8.5 lbs, +} 1.48 1.50 
150 lbs. actual evaporation. 


The figures in the first column represent the best recorded performance 
(1891), and those in the second column the probable reliable performance. 

The table on the next page shows the total annual cost of operation, with 
coal at $4.00 per ton, the plant running 300 days in the year, for 10hoursand 
for 24 hours per day. A 
Increased cost of triple-expansion plant per horse-power, including r 

boilers, chimney, heaters, foundations, piping and erection, ........ 50 

Taking the total cost of the plants at $33.50, $36.50 and $41 per horse- 

ower respectively, the figures in the table imply that the total annual say- 
ing is as follows for coal at $4 per ton: 

1. A compound 500 pai sda plant costs $18,250, and saves about $1630 
for 10 hours’ service, and $4885 for 24 hours’ service, per year over a single 
plant costing $16,750. That is, the compound saves its extra cost in 10-hour 
service in about one year, or in 24-hour service in four months, 
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2, A triple 500 horse-power plant costs $20,500, and saves about $114 per 
ear in 10-hour service, or $826 in 24-hour service, over a compound plant, 
hereby saving its extra cost in 10-hour service in about 1934 years, or in 

#4-hour service in about 234 years. 


Hours running per day........cssssceececssees 10 24 


Expense for coal. Compound plant.........- 


Expense for coal. Triple plant... ..........- 9.00 25.92 
Annual saving of triple plant in fuel....... .. 0.90 2.60 
Annual interest at 5% on $4.50.........00.0000+ $0.28 $0.23 
Annual depreciation at 5% on $4.50..........-. 0.23 0.23 

Annual extra cost of oil, 1 gallon per 24-hour 
day, at $0.50, or 15% of extra fuel cost....... 0.15 0.36 

Annual extra cost of repairs at 3% on $4.50 per 
PASHOULBsch sesien tplansins enorme aaserieeme nasa 0.06 0.14 
$0.67 $0.96 


Annual saving per H.P so... ccs. wslesicsie siete eles $0.28 $1.64 


Highest Economy of Pumping Engines, 1900. (Eng. News: 
Sept. 27, 1900.) 


Name of Builder...........+ ABA B. P. Allis Co.” Aorehas Mfg. 
Location...... Sasiecacsaesthies ChestnutHill,| St. Louis Wildw 

{ Boston. (No. 10). 00d EAs 
ZPANSIONS cietieareccce ce vst Triple. Triple. Quadruple, 
Cyls. diam. and stroke, in..... 30, 56, 87 x 66/34, 62, 92 x 72|19},293,492,574 x 43 
Plungers, diam., in....... 5 42 294 144 
Revs. per min..... Oclovisdaed 17.5 16.43 86.5 
Steam pressure, lbs. per sq. in. 187.4 180.2 199.9 
Vacuum, lbs. per sq. in........ 13.8 14.04 18.11 
Ind. horse-power.... i 801.6 801.6 12 
Capacity, million gals 80 15 
Total head, ft....... 292.11 504.06 
Duty per million _B 157,052,500 * | 158,077,824 162,948,824 
Drysteam per I.H.P. hour, : 10.676 12.26 
B.T.U. per I.H.P. per min..... 196.08 * 201.96 185.96 
Thermal efficiency, per cent... 21.63 * 21.003 22.81 
Friction, per cent......... 6.71 3.16 6.12 
Ratio of expansion, about. 42 23.4 24 


* These figures do not include the heat saved by the economizer; including 
this they are 163,912,800; 187.8; 22.58. The Nordberg engine had a series of 
feed-water heaters taking steam respectively from the exhaust, from the 
low-pressure cylinder, and from the third, second, and first receivers. The 
feed-water was thereby treated successively to 105°, 136°, 198°, 260°, and 
311° F. The coal consumption of the Chestnut Hill engine was 1.062 Ibs. 
per I.H.P. per hour, including the coal used by the fan, stoker, and econo- 
mizer engines, This is the lowest figure yet recorded. 


Steam Consumption of Sulzer Compound and Triple= 
expansion Engines with Superheated Steam. 


The figures on the next page were furnished to the author (Aug., 1902 
by Sulzer Bros., Winterthur, Switzerland. They are the results of officia 
tests by Prof. Schréter of Munich, Prof. Weber of Zurich, and other emi- 
nent engineers, 
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Notres.—A, B, C, D, tandem engines at electrical stations’ A, Frank- 
fort a/M.; B, Zurich; C, Mannheim; D, Mayence. FE, F. tandem engine 
with intermediate superheater: H, Metallwarenfabrik, Geislingen, Wtirtem- 
berg; F, Neue Baumwoll-Spinnerei, Hof, Bavaria. G,H, engines at electri- 
cal stations, Berlin: G, Moabit station, horizontal 4-cyl.; H, Ouisenstrasse, 
4-cyl. vertical. 

COMPOUND ENGINES. 


oe & oo Steam Consump- . 

2 h £ Sule. 2 tion in Pounds, tase’ 

9 g ‘Dimensions S| J s 3 Al 

2/9 0: O g/2 JAS] ay . AY 2 cs) ° 
a4 Cylinders, | 3 | Fie! - | A 2 

8 sH| Inches. AAS xe ge eal My at Fa 4 F 

| 87 a [a 6/89) 28 He | RE) MS Roh 

3| 8 5 |B%| 80) 3 eo) sd | se} . aa 

H |e (= | a |e | A Cer 

A |1500} 30.5 and | 85/130)356 850}1 14.90/21 .30/0.895)0.851 
to |49.2x59.1 132)428/26.4| 842/12.05/13.52/19.48/0.891/0.842 


1800 122] 482/26 .6|1719|12.42113.24|18.72|0.939|0.903 


B /|1050) 26.8 and _|100) 108|455|26 .8|1167|13.10|13.77|19.72/0.951|0.904 
to |43.3X51.2 


24 and 5 5 i ri 
fo 40.4X51.2 134|356/28 | 750/13.10|14.14/20.35/0.926/0.877 


135/547|28 | 515|11.32|12.70|18.69]0.894|0.824 
132|533|27.8] 788|11.52/12.38/17.90|0.931|0.875 
134|545|27.2|1100|11.88|12.50|17.92|0.951|0.902 
D | 950| 26 and | 86/130] 358]/28.2/1076|14. 10|14.82/21.25|0.95110.902 
to |42.3X51.2| |129/358/28 |1316114.50/15.10 21.55 0.960/0.915 


1150 132] 496/28 .3)1071]11.73|12.33/17.70/0.951/0.903 
do., non-cond’g] 136] 527]... ./1021/15.37|16.30/23.4010.943/0.893 
‘| 400| 17.7 and |110|135|577|26.4| 519/10.80\Intermediate ) 349°F. 
to |30,5X35.4 135] 554/26.4| 347/10.35] superheating, | 331°F. 
500 temp. of steam 
at entrance of ae 
Lpnoyh wcerae 5 
F |1000| 26.9 and | 65] 127/655|27.2| 788] 9.91|.............- 307° F 
to |47.2 66.9) 127|664|27 .2) 797) 9.68)..........004 r 
1200 128] 572|27.1] 788}10.70 
TRIPLE-EXPANSION ENGINES. 
i th oi q 5 
3 oe 5 = | | Ae 
E A ¥ qs @ > a 2 
5 Dimensions of | o4 os n, oh ao 
oe Cylinders, | $3 | fo | em | o | Sea 
rah Inches. Bibel | gan a g3 | Sarg 
am Sg] ss] 8] 38 go 8 
Ee 2 paiat) £Q s gh 6 
Z a a = Bae 


(eg 3000 |32t,474,58X59| 85 ioe 606 + 28 2860 8.97" 


000 | 34,49,61 X51 834 189 613 27 2908 9.41 
a % 196 381 263 | 3040 | 11.57 


784 THE STEAM-ENGINE. ry 


Relative Economy of Compound Non-condensing Ene 

imes under Variable Loads.—F. M. Rites. ina paper on the Steam 
Sistribution in a Form of Single-acting Engine (Trans. A. S. M. E.; xiii. 537), 
discusses an engine designed to meet the following problem: Given an 
extreme range of conditions as to load or steam-pressure, either or both, ta 
fluctuate together or apart, violently or with easy gradations, to construct 
an engine whose economical performance should be as good as though the 
engine were specially designed for a momentary condition —the adjustment 
to be complete and automatic. In the ordinary non-condensing compound 
engine with light loads the high-pressure cylinder is frequently forced to 
supply all the power and in addition drag along with it the low-pressure 
piston, whose cylinder indicates nezative work. Mr. Rites shows the 
peculiar value of a receiver of predetermined volume which acts as a clear- 
ance chamber for compression in the high-pressure cylinder, The Westing- 
house conipound single-acting engine is designed upon this principle. The 
following results of tests of one of these engines rated at 175 H.P. for most 
economical load are given : 


Warrr RATES UNDER VARYING LOADS, LBS. PER H.P. PER HOUR. 


Horse-power..........++ . 210 170 140 115 100 80 50 
Non-condensing. - 22.6 21.9 22.2 22.2 22.4 24.6 28.8 
Condensing .... «3 18.4 006.7 18.2 18.2 18.38 18.8 20.4 


Efficiency of Non-condensing Compound Engines, (W. 
Lee Church, Am. Mach., Nov. 19, 1891.)—The compound engine, non-con- 
densing, at its best performance will exhaust from the low-pressure cylin- 
der at a pressure 2 to 6 pounds above atmosphere. Such an engine will be 
limited in its economy to a very short range of power, for the reason that 
its valve-motion will not permit of any great increase beyond its rated 
power, and any material decrease below its rated power at once brings the 
expansion curve in the low-pressure cylinder below atmosphere. In other 
words, decrease of load tells upon the compound engine somewhat sooner, 
and much more severely, than upon the non-compound engine. The loss 
commences the moment the expansion line crosses a line parallel to the 
atmospheric line, and at a distance above it representing the mean effective 
pressure necessary to carry the frictional load of the engine. When expan- 
sion falls to this point the low-pressure cylinder becomes an air-pump over 
more or less of its stroke, the power to drive which must come from the 
cu ear ta cylinder alone. Under the light loads common in man 
industries the low-pressure cylinder is thus a positive resistance for the 

reater portion of its stroke, A careful study of this problem revealed the 

unctions of a fixed intermediate clearance, always in communication with 
the high-pressure cylinder, and having a volume bearing the same ratio to 
that of the high-pressure cylinder that the high-pressure cylinder bears to 
the low-pressure. Kngines laid down on these lines have fully confirmed 
the judgment of the designers. 

The effect of this constant clearance is to supply sufficient steam to the 
low-pressure cylinder under light loads to hold its expansion curve up to 
atmosphere, and at the same time leave a sufficient clearance volume in the 
high-pressure cylinder to permit of governing the engine on its compression 
under light loads. 

Economy of Engines under Varying Loads. (From Prof. 
W. C. Unwin’s lecture before the Society of Arts, London, 1892.)—The gen- 
eral result of numerous trials with large engines was that with a constant 
load an indicated horse-power should be obtained with a consumption of 
1% pounds of coal per indicated horse-power for a condensing engine, and 
134 pounds for a non-condensing engine, figures which correspond to about 
144 pounds to 214 pounds of coal per effective horse-power, It was much more 

ificult to ascertain the consumption of coal in ordinary every-day work, 
but such facts as were known showed it was more than on trial, 

In electric-lighting stations the engines work under a very fluctuating 
load, and the results are far more unfavorable. An excellent Willans non. 
condensing engine, which on full-load trials worked with under 2 pounds 
per effective horse-power hour, in the ordinary daily working of the station 
used 744 pounds per effective H.P. hour in 1886, which was reduced to 4.3 
pounds in 1890 and 3.8 pounds in 1891. Probably in very few cases were the 
engines at electric-light stations working under a consumption of 444 pounds: 
per effective H.P. hour. In the case of small isolated motors wor. ing with 
& fluctuatifg load, still more extravagant results were obtained. t 
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ENaGInEs In Evectric Centrat STATions. 


‘Year. ..i-|.2 ener Stet eceeecccesccccccsecssscne eee 1886. 1890, 1892, 
Coal used per hour per effective H.P........... 8.4 5.6 4.9 
HOS At eer tee in dicated ts we tees, 00 14535 8.8 


At electric-lighting stations the load factor, viz., the ratio of the average 
load to the maximum, is extremely small, and the engines worked under — 
'very unfavorable conditions, which largely accounted for the excessive fuel 
‘consumption at these stations. 

In steam-engines the fuel consumption has generally been reckoned on 

the indicated horse-power. At full-power trials this was satisfactor 
‘enough, as the internal friction is then usually a small fraction of the total 

Experiment has, however, shown that the internal friction is nearly con. 
‘stant, and hence, when the engine is lightly loaded, its mechanical efficiency 
is greatly reduced. At full load small engines have a mechanical efficiency 
of 0.8 to 0,85, and large engines might reach at least 0.9, but. if the internal 
friction remained constant this efficiency would be much reduced at low 
powers. Thus, if an engine working at 100 indicated horse-power had an effi- 

ciency of V.85, then when the indicated horse-power fell to 50 the effective 

horse-power would be 85 horse-power and the efficiency only 0.7. Similarly, 

Bi 25 horse-power the effective horse-power would be 10 and the efficiency 
4 


Experiments on a Corliss engine at Creusot gave the following results : 
d 0 0.75 0.50 0.25 0.125 
Condensing, mechanical efficiency...... 0.82 0.79 0.74 0.68 0.48 
Non-condensing, ‘‘ ba sessee 0.86 0.83 0,78 0.67 0.52 


At light loads the economy of gas and liquid fuel engines fell off even 
more rapidly than in steam-engines. The engine friction was large and 
nearly constant, and in some cases the combustion was also less perfect at 
light loads. At the Dresden Central Station the gas-engines were kept 
working at nearly their full power by the use of storage-batteries. The 
results of some experiments are given below : 

Brake-load,per Gas-engine, cu.ft. Petroleum Eng., Petroleum Eng., 


cent of full of Gas per Brake Lbs.of Oil per Lbs. of Oil per 
Power. H.P. per hour, B.H.P. per hr, B.H.P. per hr. 
100 22.2 0. 0.88 © 
vie) 23.8 Melt 0.99 
59 28.0 1.44 1,20 
20 40.8 2.38 1.82 
12% 66.3 4,25 8.07 


| Steam Consumption of Engines of Various Sizes.—W. (0. 
Unwin (Cassier’s Magazine, 1894) gives a table showing results of 49 tests of 
engines of different types. In non-condensing simple engines, the steam 
consumption rosnee from 65 lbs, per hour in a 5-horse-power engine to 22 
Ibs. in a 134-H.P. Harris-Corliss engine. In non-condensing compound en- 
gines, the only type tested was the Willans, which ranged from 27 lbs, in a 
10 H.P. slow-speed engine, 122 ft. per minute, with Steam-pressure of 84 lbs. 

to 19.2 lbs. in a 40-H.P. engine, 401 ft. per minute, with steam-pressure 165 
lbs. A Willans triple-expansion non-condensing engine, 89 H.P., 172 Ibs. 

pressure, and 400 ft. piston speed per minute, gave a consumption of 18.5 lbs. 

In condensing engines, nine tests of simple engines gave results ranging only 

from 18.4 to 22 lbs., and, leaving out a beam pumping-engine running at slow' 
speed (240 ft. per minute) and low steam-pressure (45 Ibs.), the range is only 

from 18.4 to 19.8 1bs. In compound-condensing engines over 100 -P., in 13 

tests the range is from 13.9 to 20 lbs. In three triple-expansion engines the 

figures are 11.7, 12 2, and 12.45 Ibs., the lowest. being a Sulzer engine of 360 
‘-H.P. In marine compound engines, the Fusiyama and Colchester, tested 

by Prof. Kennedy, gave steam consumption of 21.2 and 21.7 Ibs.; and the 

Meteor and Tartar triple-expansion engines gave 15.0 and 19.8 lbs. 

Taking the most favorable results which can be regarded as not excep- 
tional, it appears that in test trials, with constant and full load, the expen- 
diture of steam and coal is about as follows: 

Per Indicated Horse- - Per Effective Horse- ~ 


power Hour. power Hour. 
Kind of Engine, —__ = 
Coal, Steam, Coal, Steam, 
bs. F lbs. i 
Non-condensing.........0-..... 1.80 ~ 16.5 2.00 18.0 


Condensing.......-+0 seeess.+. 1,50 13.5 1.% 15.8 
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These may be regarded as minimum values, rarely surpassed by the most 
efficient machinery, and only reached with very good machinery in the 
favorable conditions of a test trial. 

Small Engines and Engines with Fluctuating Loads are 
usually very wasteful of fuel. The following figures, illustrating their low 
economy, are given by Prof. Unwin, Cassier’s Magazine, 1894. 


CoaL CONSUMPTION PER INDICATED HoRsE-POWER IN SMALL ENGINES, 


In Workshops in Birmingham, Eng. 
Probable I.H.P, at fullload... 12 45 60 45 vis) 60 60 
Average I.H.P. during obser- 
WAGON eos eed nwincionhies, 2.96 7.87 8.2 8.6 23.64 19.08 20.08 
Coal per I.H.P. per hour dur- 
ing observation, lbs........ - 86.0 21.25 22.61 18.13 11.68 9.53 8.50 


It is largely to replace such engines as the above that power will be dis- 
tributed from central stations. 


Steam Consumption in Small Engines, 


Tests at Royal Agricultural Society’s show at Plymouth, Eng. Engineer- 
ing, June 27, 1890. 


Diam. of Per Brake H.P., = 


Com- | Cylinders. Max. er hour, S35 

Rated H.P.| pound or aes Pproky, Bionicle ote oe eee Be 
imple. h.p. | lp. * |pressure.| oa). Water. |= 2° 

5 simple b ieee asec: 10 vi) 12.12) 78.1 Ibs.|6.1 Ib 

3 compound| 3 6 6 110 4.82) 42.03 ‘* |8.72** 

2 simple. |. 436 |-.28 ™%{1 7 | 11:7) 80.9 “ |7e4' 


Steam-consumption of Engines at Various Speeds. 
(Profs. Denton and Jacobus, Trans. A. S. M. E., x. 722)—17 x 30 in. engine, 
non-condensing, fixed cut-off, Meyer valve. 


STEAM-CONSUMPTION, LBS. PER I.H.P. PER Hour, 
Figures taken from plotted diagram of results, 


Revs. per min..... 8-12.16. 20 4 32 40 48 56°" 72 88 
1g cut-off, lbs..... 89 35 32 30 29.38 29 28.7 28.5 28.3 28 27.7 

sé Beet. He 89 34 31 29.5 29 28.4 28 27.5 27.1 26.38 25.6 
% of Saas 89 36 34 88 82 380.8 29.8 29.2 28.8 28.7 .... 


STEAM-CONSUMPTION OF SAME ENGINE; FrxED SPEED, 60 Ruvs. PER MIN. 


Varying cut-off compared with throttling-engine for same horse-power 
and boiler-pressures: 


Cut-off, fraction of stroke 0.1 0.15 0.2 0.25 0.3 0.4 0.5 0.6 0.7 0.8 
Boiler-pressure, 90 lbs... 29 27.5 27 2% 27.2 27.8 28.5:... 2... ss. 
s 60 lbs... 39 34.2 82.2 31.5 81.4 31.6 32.234.1 36.5 39 


THROTTLING -ENGINE, 7% CuT-oFF, FOR CORRESPONDING HORSE-POWERS. 
Boiler-pressure, 90 lbs... 42 37 383.8 31.5 29.8 .... .... 
a 60lbs... .... 50.2 49 46.8 44.6 41. 2... Ar 


Some of the principal conclusions from this series of tests are as follows : 

1. There is a distinct gain in economy of steam as the speed increases for 
1, 14, and 14 cut-off at 90 lbs. pressure. The loss in economy for about 4 
cut-off is at the rate of 1/12 lb. of water per H.P. for each decrease of a 
revolution per minute from 86 to 26 revolutions, and at the rate of 54 lb, of: 
water below 26 revolutions. Also, at all speeds the 14 cut-off is more eco- 
nomical than either the 1 or 1g cut-off. 

2. At 90 lbs. boiler-pressure and above ¥% cut-off, to produce a given H,P. 
recat ee about 20% less steam than to cut off at 74 stroke and regulate by the 
throttle. 

3. For the same conditions with 60 lbs, boiler-pressure, to obtain, by 
throttling, the same mean effective pressure at % cut-off that is obtained by 
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potting off about 1%, requires about 30% more steam than for the latter 
condition. 3 

_High Piston-speed in Engines. (Proc. Inst. M. E., July, 1883, p. 
821).—The torpedo boat is an excellent example of the advance towards 
‘high speeds, and shows what can be accomplished by studying lightness 
sand strength in combination. In running at 2214 knots an hour, an engine 
‘with cylinders of 16 in. stroke will make 480 revolutions per minute, which 
‘gives 1280 ft. per minute for piston-speed; and it is remarked that engines 
‘running at that high rate work much more smoothly than at lower speeds, 
‘and that the difficulty of lubrication diminishes as the speed increases. 

A High-speed Corliss Engine,—A Corliss engine, 20 x 42 in., has 
been running a wire-rod mill at the Trenton Iron Co.’s works since 1877, at 
160 revolutions or 1120 ft. piston-speed per minute (Trans, A. S. M. E., ii. 
72). A piston-speed of 1200 ft. per min, has been realized In locomotive 

ractice. 

: Whe Limitation of Engine-speed,. (Chas. T. Porter, in a paper 
on the Limitation of Engine-speed, Trans. A. S. M. E., xiv. 806.)—The 
practical limitation to high rotative speed in stationary reciprocating steam - 
engines is not found in the danger of heating or of excessive wear, nor, as 
is generally believed, in the centrifugal force of the fly-wheel, nor in the 
‘tendency to knock in the centres, nor in vibration. He gives two objections 
to very high speeds: First, that ‘‘engines ought not to be run as fast as 
they can be ;”” second, the large amount of waste room in the port, which 
is required for proper steam distribution, In the important respect of 
economy of steam, the high-speed engine has thus far proved a failure. 
Large gain was looked for from high speed, because the loss by condensa- 
tion on a given surface would be divided into a greater weight of steam, but 
this expectation has not been realized. For this unsatisfactory result we 
have to lay the blame chiefly on the excessive amount of wasteroom. The 
ordinary method of expressing the amount of waste room in the percentage 
added by it to the total piston displacement, is a misleading one. It should 
be expressed as the percentage which it adds to the length of steam admis- 
‘sion. For example, if the steam is cut off at 1/5 of the stroke, 8%: added by 
the waste room to the total piston displacement means 40% added to the 
volume of steam admitted. nee of four, five and six feet stroke may 
properly be run at from 700 to 800 ft. of piston travel per minute, but for 
ordinary sizes, says Mr. Porter, 600 ft. per minute should be the limit. 

Influence of the Steam-jacket,—Tests of numerous engines with 
and without steam-jackets show an exceeding diversity of results, ranging 
all the way from 30% saving down to zero, or even in some cases showing an 
actual loss. The opinionsof engineers at this date (1894) is also as diverse as 

' the results, but there is a tendeney towards a general belief that the jacket is 
not as valuable an aprengare to an engine as was formerly supposed. Anex- 
tensive résumé of facts and opinions on the steam -jacket is given by Prof. 
Thurston, in Trans. A. S. M. E., xiv. 462. See also Trans. A. S. M, E., xiv. 
873 and 1340; xiii. 176; xil. 426 and 1340; and Jour. F. 1., April, 1891, p. 276. 
The following are a few statements selected from these papers. 

The results of tests reported by the research committee on steam-jackets 
appointed by the British Institution of Mechanical Engineers in 1886, indi- 
cate anincreased efficiency due to the use of the steam-jacket of from 1% to 

over 30%, according to varying circumstances. 

_ Sennett asserts that “it has been abundantly proved that steam- 
jackets are not only advisable but absolutely necessary, in order that high 
rates of expansion may be efficiently carried out and the greatest possible 
economy of heat attained.” 

Isherwood finds the gain by its use, under the conditions of ordinary 

ractice, as a general average, to be about 20% on small and 8% or 9% on 
-Jarge engines, varying through intermediate values with intermediate sizes, 

it being understood that the jacket has an effective circulation, and that 
both heads and sides are jacketed. 

Professor Unwin considers that “in all cases and on all cylinders the 
jacket is useful; provided, of course, ordinary, not superheated, steam is 
used; but the advantages may diminish to an amount not worth the interest _ 

on extra cost.” - oNan . 

Professor Cotterill says: Experience shows that a steam-jacket is advan- 

tageous, but the amount to be gained will vary according to circumstances. 
In many cases it may be that the advantage is small. Great caution is 
necessary in drawing conclusions from any special set of experiments on 


the influence of jacketing. 
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Mr. E. D, Leavitt has expressed the opinion that, in his practice, steam. 
jackets produce an increase of efficiency of froin 15% to 20%. 

In the Pawtucket pumping-engine, 15 and 301g x 30 in., 50 revs. per min., 
steam-pressure 125 lbs. gauge, cut-off 44 in h.p. and 1g in 1p. cylinder, the 
barrels only jacketed, the saving by the jackets was from 1¢ to 4%. 

The superintendent of the Holly Mfg. Co. (compound pumping-engines) 
rk fe “‘In regard to the benefits derived from steam-jackets on our steam- 
eylinders, lam somewhat of a skeptic. From data taken on our own en- 
gines and tests made I am yet to be convinced that there is any practical 
value in the steam-jacket.” . . . ‘You might practically say that there 
is no difference.” 

Professor Schriéter from his work on the triple-expansion engines at Augs- 
burg, and from the results of his tests of the jacket efficiency on a small 
engine of the Sulzer type in his own laboratory, concludes: (1) The value 
of the jacket may vary within very wide limits, or even become nega- 
tive. (2) The shorter the cut-off the greater the gain by the use of a 
jacket. (8) The use of higher pressure in the jacket than in the cylinder 
pone an advantage. The greater this difference the better. (4) The 

igh-pressure cylinder may be left. unjacketed without great loss, but the 
others should always be jacketed. 

The test of the Laketon triple-expansion pumping-engine showed a gain 
of 8.3% by the use of the jackets, but Prof. Denton points out (Trans. A. .S 
M. E., xiv. 1412) that all but 1.9% of the gain was ascribable to the greater 
range of expansion used with the jackets. 

Test of a Compound Condensing Engine with and with= 
out Jackets at different Loads, (R. C. Carpenter, Trans. A. 8. 
M. E., xiv. 428,)—Cylinders 9 and 16 in. x14 in. stroke; 112 lbs. boiler-pressure; 
rated capacity 100 H.P.; 265 revs. per min. Vacuum, 23in. From the results 
of easy tests curves are plotted, from which the following principal figures 
are taken. 


Indicated H.P......... 30 40 50 60 70 80 90 100 110 120 125 
Steam per I.H.P. per hour: 

With jackets, Ibs... ... 22.6 21.4 20.3 19.6 19 18.7 18.6 18.9 19.5 20.4 21.0 

Without jackets, Ibs.. .... .... .... 22. 20.5 19.6 19.2 19.1 19.3 201 .... 


Saving by jacket, p.c. .... .... .... 10.9 7.3 4.6 3.1 1.0 —1.0 —1.5 .... 


This table gives a clue to the great variation in the apparent saving due to 
the steam-jacket as reported by different experimenters. With this par- 
ticular engine it appears that when running at its most economical rate of 
100 H.P., without jackets, very little saving is made by use of the jackets. 
When running light the jacket makes a considerable saving, but when over- 
loaded it is a detriment. 

At the load which corresponds to the most economical rate, with no steam 
in jackets, or 100 H.P., the use of the jacket makes a saving of only 1%; but 
at a load of 60 H.P. the saving by use of the jacket is about 11%, and the 
shape of the curve indicates that the relative advantage of the jacket would 
be still greater at lighter loads than 60 H.P. 

othe ceeded | Engines.—Prof. Unwin gives the formula for 
counterbalancing vertical engines: 


Wa SuWoars $i ates ienoy tam eiviet onunteew Ob) 


in which W, denotes the weight of the balance weight and p the radius to 
its centre of Cs ade? W, the weight of the crank-pin and half the weight of 
the connecting-rod, ‘and. 


Wi = %(Wat Wee to ¥(Wa + Wa), perme Ae 


in which W; denotes the oper of the piston, gree rs cross-head, and 
the other half of the weight of the connecting-rod. 


The American Machinist, commenting on these formule, says: For hori- 


zontal engines formula (2) is often used; formula (1) will give a counter- 
balance too light for vertical engines. We should use formula (2) for 
computing the counterbalance for both horizontal and vertical engines, 
excepting locomotives, in which the counterbalance should be heavier. 


* the length of the crank. For horizontal engines: 
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| Preventing Vibrations of Engines.—Many suggestions have 
en made for remedying the vibration and noise attendant on the working 

of the big engines which are employed to run dynamos, A plan which has 
‘given great satisfaction is to build hair-felt into the foundations of the 
engine. An electric company has had a 90-horse-power engine removed 
_ from its foundations, which were then taken Bp to the depth of 4feet. A 
‘layer of felt 5 inches thick was then placed on the foundations and run up 2 feet 
91) all sides, and on the top of this the brickwork was built up.—Safety Valve, 
Steam-engine Foundations Embedded in Air.—In the sugar- 
refinery of Claus Spreckels, at Philadelphia, Pa., the engines are distributed 
practically all over the buildings, a large proportion of them being on upper 
floors. Seme are bolted to iron beams or girders, and are consequently 
innocent of all foundation. Some of these engines ran noiselessly and satis- 
factorily, while others produced more or less vibration and rattle. To cor- 


rect the latter the engineers suspended foundations from the bottoms of the * 


engines, so that, in looking at them from the lower floors, they were literally 
hanging in the air.—Iron Age, Mar. 13, 1890. 

Cost of Coal for Steam=power,.—The following table shows the 
amount and the cost of coal per day and per year for various horse-powers, 
from 1 to 1000, based on the assumption of 4 Ibs. of coal being used per hour 
per horse-power. It is useful, among other things, in estimating the savin 
that may be made in fuel by substituting more economical boilers an 

engines for those already in use. Thus with coal at $3.00 per ton, a saving 

of $9000 per year in fuel may be made by replacing a steam plant of 1000 
H.P., requiring 4 lbs. of coal per hour per horse-power, with one requiring 
only 2 lbs. 


Coal Consumption, at 4 lbs, 


per H.P. igs hour ; 10 hoursa $1.50. $2.00, $3.00, $4.00, 
day ; 300 days in a Year, ; 
5 
Short Per Per Per Per 
3 bee ce TODS: Tons. |Short Ton,| Short Ton, | Short Ton. Short Ton, 
(Sit eee 
a 
S Cost in Cost in Cost in Cost in 
m Dollars. | Dollars. Dollars, Dollars, 
Per | Per |_Per | Per] Per 
1 Day. | Day. | Year. | Day.| Year; 
Per! Per| Per| Per ! Per} Per | Per| Per 
Day.| Year| Day,|Year.| Day.| Year. Day.|Year 
4 0179} 5.357} ,02 6 03, 91 04 12) .06 18 08 24 
10 a0 1786) 53.57 20) 60 30 90] 40 120; 60 180 80] 240 
25) 1,000) .4464) 133.92) 50] 150 75)  225| 1.00) 300) 1.50 450 | 2.00} 600 
6G; 2,000) .8928) 267.85) 1.00] 300} 1.50) 450; 2.00) 600) 3.00 900 | 4.00) 1,200 
75| 3,000) 1.3393] 401.78) 1.50] 450) 2.25) 675) 3.00 900) 4.50) 1,350 | 6.00] 1,800 
200} 4,000) 1.7857) 535.71} 2.00) 600] 3.00] 900) 4.00) 1,200]. 6.00 1,800 8.00! 2,400 
150) 6,000} 2.6785] 805,56] 3.00] 900} 4.50) 1,350) 6,00{ 1,800) 9.00 2,700 | 12.00) 3,600 
200} 8,000) 3.5714)1,071.42/ 4,00] 1,200] 6.00} 1,800} 8.00; 2,400] 12.00 3,600 | 16.00] 4,800 
250! 10,000) 4.4642/1,389.27] 5.00] 1,500] 7.50} 2,250] 10.00) 3,000] 15.00] 4/500 | 20.00 6,000 
300) 12,000) 5.3571/1,607.13] 6.00) 1,800] 9.00) 2,700] 12.00) 3,600} 18.00 i 24.00} 7,200 
350) 14,000) 6.2500)1,874.98] 7.00] 2,100) 10.50) 3,150] 14.00) 4,200) 21.00] 6,200 | 28.00 8,400 
400) 16,000) 7.1428/2,142.84] 8.00] 2,400] 12.00] 3,600) 16,00) 4,800] 24.00] 7,200 } 32.00 9,600 
450) 18,000) 8.0356)/2,410,69} 9.00) 2,700) 13.50) 4,050) 18 5,400] 27.00) 8,100 | 36.00/10,800 
600} 20,000} 8,9285/2,678.55| 10.00} 3,000} 15.00), 4,500) 20. 6,000} 30.00] 9, 40.00)12,000 
600} 24,000)10,7142)}3,214,26] 12.00) 3,600] 18,00) 5,400) 24.00] 7,200} 36.00} 10,800 | 48,00 14,400 
700) 28,000 12,4999) 3,749.97] 14.00) 4,200} 21.00] 6,300) 28.00} 8,400] 42.00] 11,600 | 56.00) 16,800 
800} 32,000)14,2856)4,285.68) 16.00) 4,800) 24.00] 7,200] 32.00) 9,600) 48.00} 12,400 | 64.00)19,200 
900} 36,000|16.0715)4,821.39] 18,00) 5,400) 27.00) 8,100] 36.00) 10,806} 54.00] 14,200 | 72.00 21,600 
1,000} 40,000'17.8570|5,357.10' 20.00] 6,000] 30.00! 9,000’ 40.06! 12,000} 60.00 18,000 } 80.00'24,000 


¢ Steam Heat,—There is nosatisfactory method for e ualizing 
: Pie nea. Bate engines and boilers in electric-light stations. Storage- atteries 
have been used, but they are expensive in first cost, repairs, and attention. 
Mr. Halpin, of London, proposes to store heat during the day in specially 
constructed reservoirs, As the water in the boilers is raised to 250 lbs. pres- 
sure, it is conducted to cylindrical reservoirs resembling English horizontal 
boilers, and stored there for use when wanted. In this ngs comparativel, 
‘small boiler-plant can be used for heating the water to lbs. pressure ail 
through the twenty-four hours of the day, and the stored water may be 
drawn on at any time, according to the magnitude of the démand, The 


i 


_ 


750 THE STEAM-ENGINE. 


steam-engines are to be worked by the steam pice by the release of 
pressure from this water, and the valves are to be arranged in such a way 
that the steam shall work at 130 lbs. pressure. A reservoir 8 ft. in diameter 
and 30 ft. long, containing 84,000 Ibs, of heated water at 250 Ibs. pressure, 
would supply 5250 Ibs. of steam at 120 Ibs. pressure. As the steam consump- 
tion of a condensing electric-light engine is about 18 lbs. per horse-power 
hour, such a reservoir would supply 286 effective horse-power hours. In 
1878, in France, this method of storing steam was used on a tramway. 
M. Francq, the engineer, designed a smokeless locomotive to work by steam- — 
power supplied by a reservoir containing 400 gallons of water at 220 lbs. 
pressure, The reservoir was charged with steam from a stationary boiler 
at one end of the tramway. 4 
Cost of Steam-power,. (Chas. T. Main, A. S.M.E., x. 48.)—Estimated — 
costs in New England in 1888, per horse-power, based on engines of 1000 H.P, 


Compound Condens- Non-con- 
Engine, ing Engine. ae 
1, Cost engine and piping, complete.......... $25.00 $20.00 $17.50 
2. Engine-house..... «e 8.00 7.50 7.50 
3. Engine foundations . 7.00 5.50 4.50 
4, Total engine plant....cccecscsese- 40.00 83.00 29.50 
5. Depreciation, 4% on total cost.....e0+00..- 1.60 1,32 ‘1.18 i 
6. Repairs, 2% Be at Ne eee Se ceteat 0.80 0.66 0.59 
7. Interest, 5% CL a ee Seu: 2:00 1.65 1.475 © 
8. Taxation, 1.5% on 34 cost......... - 0.45 0.371 0.882 
9. Insurance on engine and house........... 0.165 0.138 0.125 © 
10. Total of lines 5,6, 7,8, Q..0.-0+06. 5.015 4.189 8.702 
11. Cost boilers, feed-pump: 9.38 18.33 16.00 
12. Boiler-house Pr 2.92 4.17 5.00 
18. Chimney and flues... . 6.11 7.30 8.00 
14, 18.36 24.80 29. 
15. Depreciation, 5% on total cost.....secese0-, 0.918 1.240 1.450 
16. Repairs, 2% Las SON, LES ME eh ae ae 367 496 580 
17. Interest, 5% CN ek eo Oiak tees it Sse 918 1,240 1.450 
18. Taxation, 1.5% on 34 cost....... guesinucceaen 207 279 826 
19, Insurance, 0.5% on total COSt....e.cvcesrsees 092 124 145 
20, Total of lines 15 0.19 ....ee-e00e 2.502 8.879 8.951 
21. Coal used perI.H.P. per hour, Ibs......6-. 1.75 2.50 3.00 
22, Cost of coal per I.H.P. per day of 1034 ets. cts cts. 
hours at $5.00 per ton of 2240 Ibs........ 4.00 5.72 6.86 
) 28. Attendance of onginc per day......--.6-- 0.60 0.40 0.85 
24. ss SS boilers. wrk aes eee, OOS: 0.75 0.90 
25. Oil, waste, and supplies, per day senise Osco 0,22 0,20 
26. Total daily expense........ee0.-. 5.38 7.09 8.31 


When exhaust-steam or a part of the receiver-steam is used for heating, or 


if part of the steam in a condensing engine is diverted from the condenser, 
and used for other purposes than power, the value of such steam shoul 
be deducted from the cost of the total amount of steam generated in order 


to arrive at the cost properly ehargeahle to power. The figures in lines 29 


a 
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and 30 are based on an assumption made by Mr. Main of losses of heat 
amounting to 25% between the boiler and the exhaust-pipe, an allowance 
which is probably too large. 

See also two Papers by Chas. E. Emery on ‘ Cost of Steam Power,” Trans. 
A. 8. C. E., vol. xii, Nov. 1883, and Trans. A. I. E. E., vol. x, Mar, 1893, 
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Steam Turbimes.—The steam turbine is a small turbine wheel which 
runs with steam as the ordinary turbine does with water. (For description 
of the Parsons and the Dow steam turbines see Modern Mechanism, p. 298, 
etc.) The Parsons turbine is a series of parallel-flow turbines mounted side 
by side on a shaft; the Dow turbine is a series of radial outward-flow tur- 
bines, placed like a series of concentric rings in a single plane, a Stationary 

‘guide-ring being between each pair of movable rings. The speeds of the 
steam turbines enormously exceed those of any form of engine with recip- 
rocating piston, oreven of the so-called rotary engines. The three- and four- 
cylinder engines of the Brotherhood type, in which the several cylinders 
are usually grouped radially about a common crank and shaft, often exceed 

1000 revolutions per minute, and have been driven, experimentally, above 

2000; but the steam turbine of Parsons makes 10,000 and even 20,000 revolu- 

tions, and the Dow turbine is reputed to have attained 25,000. (See Trans. 

A. S. M. E., vol. x. p. 680, and xii. P. 888; Trans. Assoc. of Eng’g Societies, 

vol. viii. p. 583; Hng’g, Jan. 13, 1888, and Jan. 8, 1892; Eng’g News, Feb. 27 

1892.) A Dow turbine, exhibited in 1889, weighed 68 lbs., and developed 16 

H.P., with a consumption of 47 Ibs. of steam per H.P. per hour, the steam 

ressure being 70 lbs. The Dow turbine is used to spin tae fly-wheel of the 

owell torpedo. The dimensions of the wheel are 13.8 in. diam., 6.5 in, 
width, radius of gyration 5.57 in. The energy stored in it at 10,000 revs. 

per min. is 500,000 ft.-lbs. A 

The De Laval Steam Turbine, shown at the Chicago exhibition, 
1893, is a reaction wheel somewhat similar to the Pelton water-wheel. The 
steam jet is directed by 4 nozzle against the plane of the turbine at quite a 
small angle and tangentially against the circumference of the medium 
periphery of the blades. The angle of the blades is the same at the side of 
admission and discharge. The width of the blade is constant along the 
entire thickness of the turbine. 

The steam is expanded to the pressure of the surroundings before arriv- 

' ing at the blades. This expansion takes place in the nozzle, and is caused 
simply by making its sides diverging. As the steam passes through this 
‘channel its specific volume is increased in a greater proportion than the 
cross section of the channel, and for this reason its velocity is increased 
and also its momentum, till the end of the expansion at the last sectional 
area of the nozzle. The greater the expansion in the nozzle the greater its 
velocity at this point. A pressure of 75 lbs. and expansion to an absolute 
pressure of one atmosphere give a final velocity of about 2625 ft. per second. 

Expansion is carried further in this steam turbine than in ordinary steam- 
engines. This is on account of the steam expanding completely during itg 
work to the pressure of the surroundings. 

For obtaining the greatest possible effect the admission to the blades must 
be free from blows and the velocity of discharge as low as possible. These 
‘conditions would require in the steam turbine an enormous velocity of 

periphery—as high as 1300 to 1650 ft. per second. The centrifugal force, 

“nevertheless, puts a limit to the use of very high velocities. In the 5 horse- 
| power turbine the velocity of periphery is 574 ft. per second, and the num- 
eer of revolutions 30,000 per minute. 

However carefully the turbine may be manufactured it is impossible, on 
“account of unevenness of the material, to get its centre of gravity to corre- 
‘spond exactly to its geometrical axle of revolution; and however small this 
| difference may be, it becomes very noticeable at such high velocities, De 
‘Laval has succeeded in solving the problem by providing the turbine with a 
“flexible shaft. This yielding shaft allows the turbine at the high rate of 
‘speed to adjust itself and revolve around its true centre of gravity, the 
centre line of the shaft meanwhile describing a surface of revolution. 

' In the gearing-box the speed is reduced from 30,000 revolutions to 3000 
by means of a driver on the turbine shafts, which sets in motion a cog- 
| wheel of 10 times its own diameter. These gearings are provided with spiral 

megs Placed at an angle of about 45°, 

__ For descriptions of the most vecent, forms Of steam turbines, see cireiias< 
08 an Westinghouse Machine Co., Pistsburg, Pa., and the De Lavai Stecm 
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Turbine Co., Trenton, N. J.; also paper by Dr. R. H, Thurston in Trans, 
A. 8. M. E., vol. xxii., p. 170. 3 

Rotary Stcam-engines, other than steam turbines, have been 
jnvented by the thousands, but not one has attained a commercial success, 
as regards economy of steam. The possible advantages, such as saying of 
space, to be gained by a rotary engine are overbalanced by its waste of 
steam. Rotary engines are in use, however, for special purposes, such as 
steam fire-engines and steam feeds for sawmills, in which steam economy is 
not a matter of importance, 


DIMENSIONS OF PABTS OF ENGINES, 


The treatment of this subject by the leeds authorities on the steam-en- 

ne is very unsatisfactory, being a confused mass of rules and formule 

ased partly upon theory and partly upon practice. The practice of builders 
shows an exceeding diversit; of opinion as to correct dimensions. The 7 
treatment given below is chiefly the result of a study of the works of Rankine, | 
Seaton, Unwin, Thurston, Marks, and Whitham, and is largely a condensa- 
tion of a series of articles by the author published in the American Ma- 
chinist, in 1894, with many alterations and much additional matter. In or- 
der to make a comparison of many of the formule they have been applied 
to the assumed cases of six engines of different sizes, and in some cases 
this comparison has Jed to the construction of new formule. 

Cylinder. (Whitham.)—Length of bore = stroke + breadth of piston- 
ring — 1 to 14 in; length between heads = stroke + thickness of piston 
sum of clearances at both ends; thickness of piston = breadth of ring 
eee of flange on one side to carry the ring + thickness of follower- 

te. 


Thickness of flange or follower.... %§ to Min, 34 in, 1 in. ey 
For cylinder of diameter.......+--+ to 10 in, 36 in, 60.to 100 in, 7 


Clearance of Piston. (Seaton.)—The clearance allowed varies with 
the size of the engine from 1¢ to 8 in. for roughness of castings and 1/16 to 
goin: for each working joint. Naval and other very fast-running engines 

ave a larger allowance. Ina vertical direct-acting engine the parts which 
wear so as to bring the piston nearer the bottom are three, viz., the shaft 
journals, the crank-pin brasses. and piston-rod gudgeon-brasses. @ 

Thickmess of Cylinder. (Thurston.)—For engines of fhe older — 
types and under moderate steam-pressures, some builders have for many ~ 
years restricted the stress to about 2550 lbs, persq.in, — 


(Ren TNE St Yale n re ae eater ac pieciecial 


1s 2 common proportion; t, D, and b being thickness, diam., and a constant 
added quantity varying from Oto % in., allin inches; p, is the initial unbal- 
anced steam-pressure per sq. in. In this expression b is made larger for 
horizontal than for vertical cylinders, as, for example, in large engines 0.5 
in the one case and 0.2 in the other, the one re uiring re-boring more tham ~ 
the other. The constant a is from 0.0004 to 0.0005; the first value for verti- 
cal cylinders, or short strokes; the second for horizontal engines, or for 
long strokes. * : 
©Whickness of Cylinder and its Connections for Marine 
Engines. (Seaton).—D = the diam. of the cylinder in inches; p = load on 
. the safety-valves in lbs, per sq. in.; f, a constant multiplier = t ickness of 7 
barrel + .25 in. i ye 
Thickness of metal of cylinder barrel or liner, not to be less thang X D+ © 
S000 when of Cast HON ss .is ela: bl 10: (ethial verter is ein qu) ouhietihDD 


Thickness of eylinder-barrel = 2%? 4 0.6 in. Fr aul ayne,ialsce.1, 0,261 ase 


- OW er Te Fo cos tes ne ie om eee One, Cul S, OOP @ 
Thickness of liner when of steei p X D + 6000 + 0.5 
oS metal of steam-ports =0.6 xf. 
ce «© yalve-boxsides = 0.65 XJ. 


err esses ee ne pea 


# When made of exceedingly good material, at least twice melted, tho’ 
thickness may be 0.8 of that given by the above rules, ; 
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| Thickness of metal of valve-box covers =0.7 x 7 
as “cylinder bottom = 1.1 & J, if single thickness. 
LG ae “* =0.65x f,ifdouble “ 
as os) 3 covers=1.0 xX J, if single £6 
<¢ o ss “ =0.6 Xf,ifdouble 
ee cylinder flange =14 xf. 
= “ cover-flange =1.8 X fe 
- ““-valve-box“* =1.0 xf 
“ “  door-flange aH! Pa ie a5 oh 
- “  faceover ports = 1.2 xf. 
“. be = “-=1.0 X Ff, when there isa false-face, 
he ee false-face =0.8 Xf, when cast iron. 


: = 0.6 Xf, when steel or bronze. 
' Whitham gives the following from different authorities: 


Van Buren: { t = 0.0001Dp + 0.15 WD etme ok a eaiee 6) 
t = 0.03 Dp. see ec ee oe ew ec 


Tredgolde. fee EOP iadngovoan etl 


900 
Weisbach: ¢=0.8-+0,00033pD, . . « « ee 6 « (8 
Seaton : $=0.5+0.000IpD. . 2. 2. « © 0 @ @ (9) 
. St =0.0004pD (vertical); . . « « « (10) 
Haswell : Vea owe DL 4 (horizontal). $ > 3 2 1) 


Whitham recommends (6) where provision is made for the reboring, and 
where ample strength and rigidity are secured, for horizontal or vertical 
cylinders of large or small diameter; (9) for large cylinders using steam 
under 100 lbs. gauge-pressure, and 


t = 0.003D 4/p for small cylinders. . . « « e « He 
Marks gives t = 0.00028pD, oe olor eis, eluel (ete era re fenatio) 
This is a smaller value than is given by the other formule quoted; but 
Marks says that it is not advisable to make a steam-cylinder less than 0.75 
in. thick under any circumstances. 4 
| The following table gives the calculated thickness of cylinders of engines 
of 10, 80, and 50 in. diam., assuming p the maximum unbalanced pressure on 
the piston = 100 Ibs. per sq. in. As the same engines will be used for caleu- 
fation of other dimensions, other particulars concerning them are here 
given for reference, : 
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Engine NO. ..cccccccecccsccsccc cess land 2. 3 and 4, 5 and 6. 
Indicated horse-power...... I.H.P. 50 450 1250 
Bram. Of Cyl, sles scares ones D 10 30 50 
Stroke, feet...... 5 OCS Lae estar. RIDE: ues 5 fickle he 
Revs. per min, covee 11200... 125/180. ... 65] 90 .... 45 
Piston speed, ft. per min, cabs 500 650 ‘700 
Area of piston, sq. in............. a 78.54 706.86 1963.5 
Mean effective pressure ...M.E.P. 42 82.3 80 
Max. total unbalanced press..... Pi 7854 70,686 196,350 
Max. total per sq. in,.............9 100 100 100 
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THICKNESS OF CYLINDER 1 and 2. 8 and 4. 5 and 6. 

BY FORMULA. 
(1) .0004pD + 0.5, short stroke... 
pote oa 0.5, long stroke .... 


1900 
(8) .00088pD +- 0.8 ....sceeceseree- 
(9) 0004p D +-0.5....0..0 5 : 


(10) .0004pD + 16 (vertical)... 
(11) .0005pD +- 4 (horizontal) . 


(12) .003D //p (small engines)...... ~30(?) lees eg 
fia O00Z8 PD... 2 5 sevet os! coersene 228(?) -84(?) 1.40(2) 
Average of first eleven, . -76 1.48 2.26 


The average corresponds nearly to the formula t = .00037Dp + 0.4 in, A 
convenient approximation is ¢ = .0004Dp + 0.3 in., which gives for 


Diameters. ..... 10 20 30 40 50 60 in. 
Thicknesses. . . OF T1015" 1290 2.30) 2.70:in: 


The last formula corresponds to a tensile strength of cast iron of 12,500 
1bs., with a factor of safety of 10 and an allowance of 0.3 in. for reboring. 

Dy lle dor tea dee ree says: Cylinder-heads may be given a 
thickness, at the edges and in the flanges, exceeding somewhat that of the 
cylinder. An excess of not less than 25% is usual. It may be thinner in the 
middle. Where made, as is usual in large engines, of two disks with inter- 
mediate radiating, connecting ribs or webs, that section which is safe 
against shearing is Botany. ample. An examination of the designs of 
experienced builders, by Professor Thurston, gave 


Pap) 4 
taaopt Minch 26 oe ee es G) 


D being the diameter of that circle in which the thickness is taken. 
Thurston also gives t= 00D Vp +0. 2... 2 ee we OD 
Marks gives SEW) OR 14 Tae ire ean areca trsp ee eliots//>)) 

He also says a good practical rule for pressures under 100 Ibs. per sq. in. is 

to make the thickness of the cylinder-heads 114 times that of the walls; and 

applying this factor to his formula for thickness of walls, or .00028pD, we 
have 
FA O00BHD Dis oo se op ee ceria inure rane) 
Whitham quotes from Seaton, 

t =e which is equal to .0005pD 4+ .25inen. . . . (5) 

Seaton’s formula for cylinder bottoms, quoted above, is 
t= 1.1f, in which f = .0002pD + .85 inch, or t= -00022pD + .938. . (6) 


Applying the above formulss to the engines of 10; 80, and 50 inches diame- 
ter, with maximum unbalanced steam-pressure of 100 Ibs. per sq. in., we 


have 

Cylinder diameter, inches = 10 30 50 

(1) t= .00083Dp + .25 = = wBB«1425 1.82 
Q@)t= .00DVp+ 2% = .%5 1.75 2.75 
3) t= .003D Vp = .30 90 1.50 
4) t = .00035Dp =) 4/85: tre 1.95 
5) t= .0005Dp + .2 = .% 1.75 2.75 
6) t = .00022Dp + .93 ee ee] 1.59 2.03 


Average Of 6..eseenssseess 


: 
: 
° 
a 
a 
r= 
2 
aw 
o 


a ae ee, 
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x 


" The average fs expressed by the formula t = .00086Dp +- .81 inch. 
Meyer’s “Modern Locomotive Construction,” p. 24, gives for locomotive 
)eylinder-heads for pressures up to 120 Ibs.: 


For diameters, in +e. 19to22 16to18 14t015 11t018 9to10 
Thickness, in... ......... 114 1 1 % 3% 


Taking the pressure at 120 Ibs. per sq. in., the thicknesses 144 in. and % in, 
for cylinders 22 and 10 in. diam., respectively, correspond to the formula 
t = .00035Dp + .33 inch. 
Web-stifiened Cylinder-covers.—Seaton objects to webs for 
stiffening cast-iron cylinder-covers as a source of danger. The strain on 
| the web is one of tension, and if there should be a nick or defect in the 
outer edge of the web the sudden application of strain is apt to start a 
crack, He recommends that high-pressure cylinders over 24 in. and low- 
pressure cylinders over 40 in. diam. should have their covers cast hollow, ~ 
with two thicknesses of metal. _The depth of the cover at the middle should 
be about 14 the diam. of the piston for pressures of 80 lbs. and upwards, 
and that of the low-pressure cylinder-cover of a compound engine equal to 
that of the high-pressure cylinder. Another rule is to make the depth at 
the middle not less than 1.3 times the diameter of the piston-rod. In the 
British Navy the cylinder-covers are made of steel castings, 34 to 1% in, 
thick, generally cast without webs, stiffness being obtained by their form, 
which is often a series of corrugations, 

Cylinder-head Bolts.—Diameter of bolt-circle for cylinder-head = 
diameter of cylindor + 2 X thickness of cylinder 4+- 2 X diameter of bolts, 
The bolts should not be more than 6 inches apart (Whitham), 


2. 2, 
Marks gives for number of bolts b = ae = .ooors71 =P, in which ¢= 


‘area of a single bolt, » = boiler-pressure in Ibs. per sq. in.: 5000 lbs, is taken 
\as the safe strain ead sq. in. on the nominal area of the bolt. 

Seaton says: Cylinder-cover studs and bolts, when made of steel, should 
'be of such a size that the strain in them does not exceed 5000 lbs, per sq. in. 
When of less than 7 inch diameter it should not exceed 4500 lbs, per sq. in, 
When of iron the strain should be 20% less. 

Thurston says: Cylinder flanges are made a little thicker than the cylin- 
der, and usually of equal thickness with the flanges of the heads. Cylinder- 
bolts should be so closely spaced as not to allow springing of the flanges 
and leakage, say, 4 to 5 times the thickness of the flanges. Their diameter 
should be proportioned for a maximum stress of not over 4000 to 5000 Ibs. 
|per square inch. é ‘ 

If D = diameter of cylinder, Pp = maximum steam-pressure, b = number 
‘of bolts, s = size or diameter of each bolt, and 5000 lbs. be allowed per sq. 
jin. of nominal area of the bolt, .7854D2p = 3927bs?; whence bs? = Dips; 


id= 00027 s = .01414D s/ -. For the three engines we have: 


Diameter of cylinder, inches........ 10 80 60 
Diameter of bolt-circle, approx..... 18 85 57.5 
Circumference of circle, approx.... 40.8 110 180 
Minimum No. of bolts, cire. + €..40, 18 30 


Diam. of bolts, s = 1sisp4/ Basses %in. 1.00 1.99 


The diameter of bolt for the 10-inch cylinder fa 0.54tn. by the formula, 
but 34 inch is as small as should be taken, on account of possible overstrain 
by the wrench in screwing up the nut, aia 

The Piston. Details of Construction of Ordinary Pis« 
toms. (Seaton.)—Let D be the diameter of the piston in inches, p the effec- 
tive pressure persquare inch on it, # a constant multiplier, found as follows: 


D 
w= Xx Vp+1. 
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The thickness of front of piston near the boss = 0.2 xX @ 
“« te “ ot rim = 0.17 x im 
vs back = 0.18 X aw 
(J boss around the rod 0.38 X% 
= flange inside packing-ring 0.23 x @, 
= “at edge 0.25 X & 
- acking-ring 0.15 x a, 
© rapier a at edge =: 0.23 X @. - 
a bee inside packing-ring = 0.21 x 
so “« at bolt-holes = 0.85 X a 
hid metal around piston edge = 0.25 X % 
The breadth of packing-ring = 0.638 X a 
“* depth of piston at centre =14 Xm” 
* lap of junk-ring on the piston = 0.45 X & 
“ ‘space between piston body and packing-ring = 0.3 X a. 
** diameter of junk-ring bolts =0.1 Xa +0,25 in. 
“ pitch Lelia Td “ = 10 diameters, 
** number of webs in the piston = (D + 20) + 12. 


“ thickness ‘“ “e 


4 

Marks gives the approximate rule: Thickness of piston-head= Vid, in 
which 7 = length of stroke, and d = diameter of cylinder in inches. Whits 
ham says ina horizontal engine the rings support the piston, or at least a 
Pere of it, under ordinary conditions. The pressure due to the weight of 

e piston upon an area equal to 0.% the diameter of the cylinder X 
breadth of ring-face should never exceed 200 lbs. per sq. in, He also gives 
a formula much used in this country: Breadth of ring-face = 0.15 X diam 
eter of cylinder. 


For our engines we have diameter = ..c-cssecs-coe 10 80 50 
4 Thickness of piston-head. 
Marns, /1D3 long stroke. 8.81 5.48 7.00 
Marks, ‘“ 3; short stroke 8.94 6.51 8.32 
Seaton, depth at centre = 1.47... 4.30 9.80 15.40 
6B... ceccece 1.89 4.41 6.93 


Seaton, breadth of ring = . oO 
Whitham, breadth of Hee SS ODS ensaccteveaces 1.50 4.50 7.50 


Diameter of Piston Packing-rings. — These are generally 
turned, before they are cut, about 14 inch diameter larger than the cylinder, 
for cylinders up to 20 inches diameter, and then enough is cut out.of the ring 
to spring them to the diameter of the cylinder. For larger cylinders the 
rings are turned proportionately larger, Seaton recommends an excess 
of 1% of the diameter of the cylinder. 3 

Oross-section of the he pea: thickness is commonly made 
1/30th of the diam. of cyl. + 1ginch, and the width = thickness + 1 inch, 
¥or an eccentric ring the mean thickness may be the same as for a ring of 
uniform thickness, and the minimum thickness = 34 the maximum, 

A circular issued by J. H. Dunbar, manufacturer of packing 20F 


gives W=d .014 + .08. hitham’s formula is W=d .15. In both for. 
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and reliable practice is to turn the pibtenead end with a shoulder of 1/1 
iach for small engines, and 4g inch for 2 in, 
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the foot until the section of the rod 1s three fourths of that of the body, then 
turn the remaining part parallel; the rod should then fit into the piston se 
as to leave 4 inch between it and the shoulder for large pistons, and 1/16 in. 
for small, The shoulder prevents the rod from splitting the piston, and 
ie of the rod being turned true after long wear without encroaching on 
the taper. 

The piston is secured to the rod by. a nut, and the size of the rod should 
be such that the strain on the section at the bottom of the thread does not 
exceed 5500 Ibs, per sq. in. for iron, 7000 lbs. for steel. The depth of this nut 
need not exceed the diameter which would be found by allowing these 
strains. The nut should be locked to prevent its working loose. 

Diameter of Piston-rods.—Unwin gives 


GY ‘x DD 4p, es. ow eth y rete » Aas wl 


fn which D is the cylinder diameter in inches, p fs the maximum unbalanced 

ressure in lbs. per sq. in., and the constant b = 0.0167 for iron, and b = 
0.0144 for steel. Thurston, from an examination of a considerable number 
of rods in use, gives 


av = 4/ Pee +2, nearly, ee gtap eter eae) 


(Zin feet, D and din inches), in which a = 10,000 and upward in the various 
types of engines, the marine screw engines or ordinary fast engines on 
ire given the lowest values, while ‘‘low-speed engines” being less 
liable to accident from shock give a = 15,000, often. 
Connections of the piston-rod to the piston afd to thecrosshead should 
have a factor of safety of at least.8 or 10, Marks gives 


” = 0.0179D Vp, for iron; forsteeld”  =0.010D7/p;. . (8) 
4 4 
and d” = 0.03901 Dp, for iron; for steel d’” = 0.03525 VD'l%p, (4) 


in which 2 is the length of stroke, all dimensions in inches. Deduce the 
' diameter of piston-rod by (8), and if this diameter is less than 1/121, then use 
. : 4 Diameter of cylinder 
Seaton gives: Diameter of piston-rod = ————, Vp. 


4 


_ The following are the values of F: 


Naval engines, direct-acting ...........cesecssccocees H 23 60 
v « ee! return connnecting-rod, 2rods....... = 
bee Mercantile recpae stroke, direct-acting. svebusveeves Dos 50 


: long Gs wae Beate eS aS: 
a. in very long “ sf se diloneedtewe Mat 45 
, cS medium stroke, oscillating .. ...........5 F= 45 


_ WNorm.—Long and very long} as compared with the stroke usual for the 
| power of engine or size of cylinder. 4 

Im considering an expansive engine p, the effective pressure should be 
taken as the absolute working pressure, or 15 lbs. above that to which the 
‘poiler safety-valve is loaded; for a compound engine the value of p for the 
“high-pressure piston should be taken as the absolute pressure, less 15 lbs., 
or the same as the load on the safety-valve; for the medium-pressure the 
load may be taken as that due to half the absolute boiler-pressure; and for 
_ the low-pressure cylinder the pressure to which the escape-valve is loaded 
+ 15 \bs., or the maximum absolute pressure, which can be got in the re-~ 
eeiver, or about 25 lbs. It is an advantage to make all the rods of a com- 
_ pound engine alike, and this is now the rule, 

be plying the above formule to the engines of 10, 30, and 50 in, diameter, 

_ both short and long stroke, we have: : 5: 
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Diameter of Piston-rods, 


Diameter of Cylinder, inches..... wreee 10 30 50 


Stroke, inches. .......ceececsescscose-co-| 12 p23 30 60 | 48 98 
Unwin, iron, .0167D /p.... ..seesee-+-| 1.67 | 1.67 | 5.01 | 5.01 | 8.35 | 8.35 


4 
/Dipi2 , D i 
Thurston 70,000 * 80 ete teed: TB [oe coon] Goles)- oon oo) DelO, pcm 


Thurston, same with a = 15,000....-..}......] 1.40 |...... 3:88: |sanee 6.35 
Marks, iron, .0179D #/p.....2ee-reeeeee] gong {oo 5.37 | 5.37 | 8.95 | 8.95 
Marks, iron, .08901 4/D2/2p. .++....+s.. 1.85 | 1.91 | 8-70 |'s.18 | 6.04 | 8.54 
Marks, steel, O105D VB ore eveeeerees (1.05)|...... (8-15)|-....- on) eR 
Marks, steel, .08525 /D?/2p....9-+e----] 4 99 | 4.73] 3.94 | 4.72 | 5.46 | 7.72 
Seaton, naval engines, 5 W Dineente eee | 12074) ce ox S201 |Se 8:35 li ccee 
ee 2) 

Seaton, land engine, 7 4/p.... ..-+-]......] 2.22 |...... 6.67 |...... 11.11 

Average of four for iron.,.......--- 1.49 | 1.82 | 4.30 | 5.26 | 7.11 | 8.74 


The figures in brackets opposite Marks’ third formula would be rejected. 
sfnce they are less than of the stroke, and the figures derived by his 
fourth formula would be taken instead. The figure 1.79 opposite his first 
formula would be rejected for the engine of 24-inch stroke. 

An empirical formula which gives results approximating the above aver- 
ages is d’’ = .013 BS 
The calculated results from thisformula, for the six engines, are, respec- 
tively, 1.42, 1.88, 3.90, 5.61, 6.37, 9.01. a 

Piston-rod Guides.—The thrust on the guide, when the connecting- 
rod is at its maximum angle with the line of the piston-rod, is found from 
the formula: Thrust = total load on piston x tangent of maximum angle 
of connecting-rod = ptan 9, This angle, 6, is the angle whose sine = half 
stroke of piston + length of connecting-rod. 


- Ratio of length of connecting-rod to stroke..... 2 246 8 
Maximum angle of connecting-rod with line of : 
piston-rod......... Dalome wise nitiacmrineen: eeeneee . 14°29 11° 33” 9° 36" 
Tangent of the angle.. ae Ss 204 169 


258 . 
1.0327 1.0206 1.014 


Seaton says: The area of the guide-block or slipper surface on which the 
thrust is taken should in no case be less than will admit of a pressure of 400 
Ibs. on the square inch; and for good working those surfaces which take the 
thrust when going ahead should be sufficiently large to prevent the maxi- 
mum pressure exceeding 100 lbs. per sq. in. When the surfaces are kept 
well lubricated this allowance may be exceeded. 

Thurston says: The rubbing surfaces of guides are so proportioned that 
if V be their relative velocity in feet per minute, and p be the intensity of 
pressure on the guide in Ibs. per sq. in., pV < 60,000 and pV > 40,000, 

The lower is the safer limit; but for marine and stationary engines it is 
allowable to take p = 60,000+ V. According to Rankine, for locomotives, 
P=Faw where p is the pressure in Ibs. per sq. in. and V the velocity of 
rubbing in feet per minute. This includes the sum of al) pressures forcing 
the two rubbing surfaces together. 

Some British builders of portable engines restrict the pressure between 
the guides and cross-heads to less than 40, sometimes 35 lbs. per square inch. 

For a mean velocity of 600 feet per minute, Prof. Thurston’s formulas 
give, p < 100, p > 66.7; Rankine’s gives p = 72.2 lbs. per sq. in. 


Secant of the angle ... 


DIMENSIONS OF PARTS OF ENGINES. 799 


Whitham gives, 


P .7854d%p 
4 = area of slides in square inches = —————— = ——_£L 
poVni—1 poVnt—2 


in which P = total unbalanced pressure, p; = pressure per square inch 
on piston, d = diameter of cylinder, po = pressure allowable per square inch 
on slides, and n = length of connecting-rod + length of crank, This is 
equivalent to the formula, A = P tan 0+ po. For n=5,p,; = 100 and po 
= 80, 4 = .2004d2, For the three engines 10, 30 and 50 in. diam., this would 
give for area of slides, A = 20, 180 and 500 sq. in., respectively. Whitham 
says: The normal pressure on the slide may be as high as 500 Ibs. per sq. in., 
but this is when there is good lubrication and freedom from dust. Station- 
ary and marine engines are usually designed to carry 100 lbs, ner sq. in., 
and the area in this case is reduced from 50% to 60% by grooves. In locomo- 
tive engines the pressure rane from 40 to 50 Ibs. per sq. in. of slide, on ac- 
count of the inaccessibility of the slide, dirt, cinder, etc. 

There is perfect agreement among the authorities as to the formula for 
area of the slides, A = P tan @ + po; but the value given to po, the allow- 
able pressure per square inch, ranges all the way from 35 Ibs. to 500 lbs, 

he Connecting-rod. Latio of length of connecting-rod to length 
of stroke.—Experience has led generally to the ratio of 2or 24% to 1, the 
latter giving a long and easy-working rod, the former a rather short, but 
yet a manageable one (Thurston). Whitham gives the ratio of from 2 to 444, 
and Marks from 2 to 4, 

Dimensions of the Connecting-rod.—The calculation of the diameter of 
a connecting-rod on a theoretical basis, considering it as a strut subject to 
both compressive and bending stresses, and also to stress due to its inertia, 

in high-speed engines, is quite complicated. See Whitham, Steam-engine 
Design, p. 217; Thurston, Manual of S. E., p.100. Empirical formulas are as 
follows: For circular rods, largest at the middle, D = diam. of-cylinder, J = 
length of connecting-rod in inches, » = maximum steam-pressure per sq. in. 


(1) Whitham, diam, at middle, d’” = 0.0272 WV DLV p. 
(2) Whitham, diam. at necks, d’” = 1.0 to 1.1 x diam. of piston-rod. 


(8) Sennett, diam. at middle, d’” =2 D. 
(4) Sennett, diam. at necks, d’” — z Vp. 


(5) Marks, diam., d’” = 0.0179D Vp, if diam. is greater than 1/24 length. 


* (6) Marks, diam., d’” = 0.02758 Vv Di Vp if diam. found by (5) is less than 
1/24 length. 


c (%) Thurston, diam. at middle, d’”’ =a VDL Vp + C, D in inches, Z in 
_ feet, a = 0.15 and C = 14-inch for fast engines, a = 0.08 and C = % inch for 
moderate speed. 
(8) Seaton says: The rod may be considered as a strut free at both ends, 
and, calculating its diameter accordingly, ' 


Rg & 4a 
diameter at middle = BaD aecny 


_ where R = the total load on piston P multiplied by the secant of the maxt 
mum angle of obliquity of the connecting-rod. 
_. For wrought iron and mild steel a is taken at 1/3000. The following are 
_ the values of r in practice: 
Naval engines—Direct-acting r= 9, toil; 
os ie Return connecting-rod 7 = 10 to 13, old; 
CS ae r=8 to9, modern; 


“ oe 


“ “  Prunk r = 11.5 to 18, 
_ Mercantile ‘ Direct-acting, ordinary r= 12. 
oy rs. id S long stroke r = 18 to 16, 


“4 (9) The following empirical formula is given by Seaton as agreeing closely 
2 with good modern practice: 


Diameter of connecting-rod at middle = /1K +4, 1 = length of rod in 
_ inches, and K = 0.03 //effective load on piston in pounds. 


oe 
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The diam. at the ends may be 0.875 of the diam. at the middle, 
Seaton’s empirical formula when translated into terms of D and p is the 


same as the second one by Marks, viz., d” = 0.02758 V Di /p. Whitham’s 
(1) is also practically the same. : 

(10) Taking Seaton’s more complex formula, with length of connecting- 
rod = 2.5 X length of stroke, and + = 12 and 16, respectively, it reduces to: 
Diam. at middle = .02294 4/P and .02411 VP for short and long stroke en- 
gines, respectively. 

Applying the above formulas to the engines of our list, we have 


Diameter of Connecting-rods. 


Diameter of Cylinder, inches......... 10 30 50 
Fee tee ectingsrod Lilli | ao | 60° | % | 190 | 120. 240 
(8) a? =D Vp = 12D YB..0s. 0 1.82 | 1.82 | 5.46 | 5.46 | 9.09 | 9.09 
(5) @!” = O179D VD 00. --sereeceeee-| 1.79 [oe 5.87 |...... 8.95 |..... 
6)? CRTC DL VD evnesceeceeres|ecssee] 2:14 [ocseee 5.85 | o.cens 9.51 
19) a2 015 DL Vb + i,.cv0e-00es CH Mets 00. keen sb Gia ch ete 
(1) a?” = 0,08 DL Vp + 84...r.v.n0e|--eeee]| 2054 |... AG th aoa 8.75 
(9) a? = 08 YP. .-..5... eee a 2.67 | 2.67 | 7.97 | 7.97 |18.29 [13.29 
(10) a” =;,02294 YP; .02411 VP....... 2.03 | 2.14 | 6.09 | 6.41 |10.16 }10.68 
Average ts sssiden asic vovarenceel 2.24 | 2.26 | 6.38 | 6.27 [10.52 [10.26 


Formule 5 and 6 (Marks), and also formula 10 (Seaton), give the larger 
diameters forthe long-stroke engine; formule 7% give the larger diameters 
for the short-stroke engines. The average figures show but little difference 
in diameter between long- and short-stroke engines; this is what might be 
expected, for while the connecting-rod, considered simply as a column, 
would require an increase of diameter for an increase of length, the load 
remaining the same, yet in an engine generally the shorter the connecting- 
rod the greater the number of revolutions, and consequently the greater the 
strains due to inertia. The influences tending to increase the diameter 
therefore tend to balance each other, and to render the diameter to some 
extent independent of the length. The average figures correspond nearly 


to the simple formula d’” = .021D Vp. The diameters of rod for the three 
diameters of engine by this formula are, respectively 2.10, 6.30, and 10.50 in, 
Since the total pressure on the piston P = .7854D%p, the formula is equiva- 


lent to d’ = .0287 /P. 

Connecting-rod Ends.—For a connecting-rod end of the marine 
type, where the end is secured with two bolts, each bolt should be propor- 
tioned for a safe tensile strength equal to two thirds the maximum pull or 
thrust in the connecting-rod. 

The cap is to be proportioned as a beam loaded with the maximum pull 
of the connecting-rod, and supported at both ends. The calculation should 
be made for rigidity as well as strength, allowing a maximum defiection of 
1/100 inch. Forastrap-and-key connecting-rod end the strap is designed for 
tensile strength, considering that two thirds of the pull on the connecting- 
rod may come on one arm. At the point where the metal is slotted for the 
key Bat gib, the straps must be thickened to make the cross-section equal 
to that of the remainder of the strap. Between the end of the strap and the” 
slot the strap is liable to fail in double shear, and sufficient metal must be’ 
provided at the end to prevent such failure. 

The breadth of the key is generally one fourth of the width of the strap, 
and the length, parallel to the strap, should be such that the cross-section 
will have a shearing strength equal to the tensile strength of the section of 
the strap, The taper of the key is generally about 9g inch to the foot. 
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' @apered Connecting=rods.—in modern high-speed engines it is 
pustomary to make the connecting-rods of rectangular instead of circular 
section, the sides being parallel, and the depth increasing regularly from 
the crosshead end to the crank-pin end. According to Grashof, the bending 
action on the rod due to its inertia is greatest at 6/10 the length from the 
crosshead end, and, seerauie te this theory, that is the point at which the 
section should be greatest, although in practice the section is made greatest 
at the crank-pin end. 

Professor Thurston furnishes the author with the following rule for tapered. 
connecting-rod of rectangular section; Take the section as computed by the 


formula d’” = 01V DL Vp + 3/4 for a circular section, and for a rod 4/3 the 
actual length, placing the computed section at 2/3 the length from the small 
end, and carrying the taper straight through this fixed section to the large 
end. This brings the computed section at the surge point and makes it 
heavier than the rod for which a tapered form is not required. 

Taking the above formula, multiplying L by 4/8, and changing it to? in 


inches, it becomes d = 1/30 V Di Vp +3/4". Taking a rectangular section 
of the same area as the round section whose diameter is d, and making the 
depth of the section h = twice the thickress ¢, we have .7854d? = ht = 2t?, 


whence t = .627d = .0209 V Dl Vp + 47”, which is the formula for the thick- 
ness or distance between the parallel sides of the rod. Making the depth at 
the crosshead end = 1.5t, and at 2/3 the length = 2t, the equivalent depth at 
the crank end is 2.25¢. Applying the formula to the short-stroke engines of 
our examples, we have 


' Diameter of cylinder, incheS.......ccccvecserses 10 80 50 

Stroke, inches..........--+.. 12 30 48 
Length of connecting-rod. 80 % 120 
Thickness, ¢ = .0209 VDl /p + 47 H.e---2- seeeee-| 1.61 | 8,60 | 5.59 


Depth at crosshead end, 1.5¢ =.. «-| 2.42 5.41 8.39 
_ Depth at crank end, 244¢..... , .| 8.62 8.11 12.58 


The thicknesses t, found by the formula t = .0209 WV Di Vp -+-.47, agree 


_ closely with the more simple formula ¢ = .01D Vp + .60’, the thicknesses 
_ealculated by this formula being respectively 1.6, 3.6, and 5.6 inches. 
Whe Crank-pin.—A crank-pinshould be designed (1) to avoid heating, 
' ) for strength, (8) for rigidity. The heating of a crank-pin depends on the 
ressure on its rubbing-surface, and on the coefficient of friction, which 
_ latter varies greatly according to the effectiveness of the lubrication. It also 
depends upon the facility with which the heat produced may be carried 
away: thus it appears that locomotive crank-pins may be prevented to some 
degree from overheating by the cooling action of the air through which they 
pass at a high speed. 


Marks gives ? = .0000247 fpNvD? = 1.038¢ £5*2 , Sc tenie: lee ome 


3 Whitham gives ? = o.s0rsr GHD, git a 6, ERLE ae oe ee 


~ in which 7 = length of crank-pin sree in inches, f = coefficient of friction, 
_ which may be taken at .03 to .05 for perfect lubrication, and .08 to .10 for im- 
perfect; p = mean pressure in the cylinder in pons per square inch; D 
= diameter of cylinder in inches; N = number of single strokes per minute; 
{LELP. = indicated horse-power; LZ = length of stroke in feet. These 
: formule are independent of the diameter of the pin, and Marks states as a 
_} general law, within reasonable limits as to pressure and speed of rubbing, 
_ the longer a bearing is made, fora given pressure and number of revolutions, 
_ the cooler it will work; and its diameter Las no effect upon its heating. 
'; Both of the above formule are deduced empirically from dimensions of 
 erank-pins of existing marine engines. Marks says t about one-fourth 
| the length required for crank-pins of propeller engines will serve for the pins 
ot side-wheel engines, and one tenth for locomotive engines, g the 
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formula for locomotive crank-pins 1 = .00000247fpND?, or if p = 150, 
= .06,and NV = 600, 1 = .018D*. 

Whitham recommends for pressure per square inch of projected area, for 


nayal engines 500 pounds, for merchant engines 400 pounds, for paddle-wheel i 


engines 800 to 900 pounds. 

Thurston says the pressure should, in the steam-engine, never exceed 500 
or 600 pounds per square inch for wrought-iron pins, or about twice that 
figure for steel. He gives the formula for length of a steel pin, in inches, 


= — A y mp e! Cdke teste, Saleem as ie 
in which P and Rare the mean total load on the pin in pounds, and the 
number of revolutions per minute. For locomotives. the divisor may be 
taken as 500,000. Where iron is used this figure should be reduced to 300,000 
and 250,000 for the two eases taken. Pins so proportioned, if well made and 
well lubricated, may always be depended upon to run cool; if not well 
formed, perfectly cylindrical, well finished, and kept well oiled, no crank-pin 
can be relied upon. It is assumed above that good bronze or white-metal 
bearings are used. 

Thurston also says: The size of crank-pins required to prevent heating of 
the journals may be determined with a fair degree of precision by either of 
the formule given below : ; 


P+ 20) 


i= 44,8004 (Rankine, 1865); . » «© « « « « & 
PV 

2 = Sono (Thurston, 1862); eoeee eee ®o 
PN 

t= gy 999 (Van Buren, 1866). whee neie Heh end OD 


The first two formule give what are considered by their authors fair work- 
ing proportions, and the last gives minimum length for iron pins. (V = 
velocity of rubbing-surface in feet per minute.) u: 

Formula (1) was obtained by observing locomotive practice in which great 
liability exists of annoyance by dust, and great risk occurs from inaccessi- 
bility while running, and (2) by observation of eto ree of naval screw- 
engines. The first formula is therefore not well suited for marine practice. 

Steel can usually be worked at nearly double the pressure admissible with 
iron running at similar speed. 

Since the length of the crank-pin will be directly as the power expended 
upon it and inversely as the pressure, we may take it as 


-H.P. 
Fama e ee is 20) Wiad g 6 al oe SA 


in which a Is a constant, and Z the stroke of piston, in feet. The values of 
the constant, as obtained by Mr. Skeel, are about as follows: a = 0.04 where 
water can be constantly used; a = 0.045 where water is not generally used; 
a = 0.05 where water is seldom used; a = 0.06 where water is never needed, 
Unwin gives 
Peto at SUG on taste 
Tr? 
in which r = crank radius in inches, a = 0.8 to a = 0.4for iron and for marine 
engines, and a = 0,066 to a = 0.1 for the case of the best steel and for loco- 
motive ore where it is often necessary to shorten up outside pins as much 
as possible, 
J. B. Stanwood (Eng’g, June 12, 1891), in a table of dimensions of parts of 
American Corliss engines from 10 to 80 inches diameter of cylinder, gives 
sizes of crank-pins which approximate closely to the formula : 


C= 25D 5 inss 1 = eo Des 8s one sw OD 


By calculating ners of iron crank-pins for the engines 10, 80, and 50 inches 
diameter, long and short stroke, by the several formulze above given, it is 
found that there is a great difference in the results, so that_one formula in 
certain cases gives a length three times as great as another. Nos. (4), F\ and 
(6) give len much greater than the others. Marks (1), Whitham (2), 
‘Thurston (7), 2 = .061.H.P. + L, and Unwin (8), 1 = 0.4 LH.P. +7, give re 
@ults which agree more closely. ‘ 


j 
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The calculated lengths of iron crank-pins for the several cases by formulsa 
@), (2), @, and () are as follows: 


Length of Crank-pins. 


————— 


Diameter of cylinder................. D| 10 10 30 | 380 50 50 
BELO ieeis) «cvevweawees ee TAC) (heen 2). 2% 5 4 8 
Revolutions per minute........-..... R| 250 125 | 180) 65 90 45 
Horse-power.... 2.20. sees Mae EE Pe|e 50 50 | 450 450) 1,250) 1,250 
Maximum pressure......-.---.-++- Tbs.| 7,854] 7854/70, 686/70, 686) 196,350) 196.350 
Mean pressure per cent of max....... 42 42 | 32.3 | 32.3 | 30 30 
RICAN PLEsSNTE «2 0/5.) Tepes wine's Vea P.| 8,299} 3,299/22,882|22,832]58,905/58, 905 


Length of crank-pin.............-..... 
(1) Whitham, J = .9075 x 
(2) Marks, l= 108 205 I. 


(7) Thurston, J = .06 L.H.P. +2 8.00 } 1.50 | 10.80] 5.40 | 18.75) 9.38 
(8)Unwin, Uo 410.P.+r.. Bc é 0 é . 

“Ghee t= .3LH.P. + 7.........] 2.50 | 1.25] 9.0] 4.5 | 15.62) 7.81 
FAVELA ZO)... 0. cons cecceere tener eee oees 2.72 | 1.86 | 9.86] 4.93 | 17.12] 8.56 


(8) Unwin, best steel, 2 = Ee aeeeal ea | ede 


PR 
600,000 


3.0 | 1.5 | 5.21 | 2.61 


(8) Thurston, steel, 1= eooseee! 1.87 | .69 | 4.95 | 2.47 | 8.84 | 4.42 


The calculated lengths for the long-stroke engines are too low to prevent 

_ excessive pressures. See ‘‘ Pressures on the Crank-pins,’’ below. 5 
Whe Strength of the Crank-pin is determined substantially as is 
that of the crank. In overhung cranks the load is usually assumed as 
carried at its extremity, and, equating its moment with that of the resist- 


ance of the pin, 
PAPI = 1/32trd*, and d= Ve ae 


_ in which d = diameter of pm in inches, P = maximum load on the piston, 
_ t= the maximum allowable stress on a square inch of the metal. For iron 
it may be taken at 9000 lbs. For steel the diameters found by this formula 
may be reduced 10%. (Thurston.) 
$ Uawin gives the same formula in another form, viz.: 


3/51 y= [eA fot 
a= 4/ SYP = (BU ph 


the last form to be used when the ratio of length to diameter is assumed.. 
For wrought iron, ¢ = 6000 to 9000 Ibs. per sq. in., 


< 2 = .0947 to .08275 fs = .0291 to .0238. 


For steel, ¢ = 9000 to 13,000 Ibs. per sq. In., 


y 5 0887 to 07235 ees = .0238 to .0194. 


id Hide ells 
Whitham gives d = 0.08% #/Pt = 2.10584//+* FE: for strength, and 


ad =0.0405 #/PI8 for rigidity, and recommends that the diameter be calculated 

by both formule, and the largest result taken. The first is the same as 

mwin’s formula, with ¢t taken at 9000 lbs. per sq. in. The second is based 
upon an arbitrary assumption of a deflection of 1-300 in. at the centre of 
_ pressure (one third of the length from the free end). 
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Marks, calculating the diameter for rigidity, gives 
d = 0.0664 pleD? = 0.945 / Gey, 


: = maximum steam-pressure in pounds per square inch, D = diameter of || 
cylinder in inches, L = length of stroke in feet, N = number of singlestrokes | 
per minute. He says there is no need of an investigation of the strength of © 
a crank-pin, as the condition of rigidity gives a great excess of strength. 
Marks’s formula is based upon the assumption that the whole load may be 
concentrated at the outer end, and cause a deflection of .01 inch at that 
point. 4 
It is serviceable, he says, for steel and for wrought iron alike, 
Using the average lengths of the crank-pins dy found, we have the 
following for our six engines : 


Diameter of Crank-pins. 


Diameter of cylinder..... vgs setvewes| = 40 10 | 30 30 50 | 50 
Broke, f6.c.5..22..00% ee 1 2 ue 5 4 8 
Length of crank-pin.. eoceseceees| 2.72 | 1.36 | 9.86 | 4.93 | 17.12] 8.56 


Unwin, da 4/9 ssertenee 2.29 | 1.82 | 7.34 | 5.82 | 12.40] 9.84 


Marks, d =°.066 V/pi®D?..... .... veeese| 1.89} .85 | 6.44 | 3.78 | 12.41] 7.39 


Pressures on the Crank-pins,—If we take the mean pressure upon 
the crank-pin = mean pressure on piston, neglecting the effect of the vary» 
ing angle of the connecting-rod, we have the following, using the average 
lengths already found, and the diameters according to Unwin and Marks: 


Hnpino No. sKei'ssac0csist eons boedhecsl 2 3 4 5 6 
Diameter of cylinder, inches.......... 1g 80 30 50 Re 


SITGKO LECH, ciate dies secs oso wereei'en sins 
Mean pressure on pin, pounds.... 5 
Projected area of pin, Unwin... 236 28.7 | 212.3) 84. 
veh idl akrct tiuiaae 32) 9) <: H 1.16 | 63.5 | 18.6 } 212.5) 63.3 
Pressure per square inch, Unwin..... | 530 |1,398} 315 | 796] 2774 700 
ss $ Ae Sie Ly <- ei 873 | 2,845] 360 | 1,228) 277] 930 


The results show that the application of the formule for length and diam- 
eter of crank-pins give quite low Ue pean per square inch of projected 
area for the short-stroke high-speed engines of the larger sizes, but too high 
oe for all the other engines. It is therefore evident that after calcu- 
lating the dimensions of a crank-pin sere ig fay the formule given that the. 
results should be modified, if necessary, to bring the pressure per square | 
inch down to a reasonable figure. 

In order to bring the pressures down to 500 pounds per square inch, we > 
divide the mean pressures by 500 to obtain the projected area, or product 
of seneth by diameter. Making / = 1.5d for engines Nos, 1, 2, 4 and 6, the 
revised table for the six engines is as follows: 


Nene; INO Js xaus swing Serene lacie ak 2 3 4 5 6 

Length of crank-pin, inches....... 8.15 3.15 9.86 8.37 17.12 18.30 

Diameter of crank-pin............. 2.10 2.10 7.84 5.58 12.40 8, 

Crosshead-=pin or Wrist-pin.—Whitham says the bearing surfaca | 

for the wrist-pin is found by the formula for crank-pin design. Seaton says | 
the diameter at the middle must, of course, be sufficient to withstand the 
bending action, and generally from this cause ample surface is provided for 
good working; but in any case the area, calculated by multiplying the diam- 
eter of the journal by its length, should be such that the pressure does not 
exceed 1200 lbs. per sq. in., taking the maximum load on the piston as the 
total pressure on it, 


Wor small engines with the gudgeon shrunk into the jaws of the connect 


26 5 4 
3,299 we ae 22,882 /58, 905 roel 
12.4 


oS 
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}) ing-rod, and working in brasses fitted into a recess in the piston-red end and 
/secul by a wrought-iron cap and two bolts, Seaton gives: 


- Diameter of gudgeon = 1.25 x diam. of piston-rod, 
- Length of gudgeon = 1.4 x diam. of piston-rod. 


_ If the pressure on the section, as calculated by multiplying len; by 
diameter, exceeds 1200 lbs, per - in., this length should be increased. 

| J. B. Stanwood, in his *‘Ready Reference” book, gives for length of 
» prosshead-pin 0.25 to 0.3 diam. of Pees and diam, = 0,18 to 0.2 diam, of 
§) piston. Since he gives for diam, of piston-rod 0.14 to 0.1% diam. of piston 

' his dimensions for diameter and length of crosshead-pin are about 1.25 an 

1.8diam. of piston-rod respectively. Taking the maximum allowable press- 
‘ure at 1200 lbs, per sq. in, and making the length of the crosshead-pin = 


“4 of its diameter, we have d = VP +40, t= VP + 80, in which P= max- 
‘imum total load on piston in lbs., @ = diam. and # = length of pin in inches, 
| For the engines of our example we haves 


| Diameter of piston, inches......0..cccccecse-ces 10 380 50 
_ Maximum load on piston, Ibs........ ccoce F8D4 70,686 196,350 
| Diameter of crosshead-pin, inches... seesece Badd 6. 
Length of crosshead-pin, inches..... ..co.co.e 8.96 8.86 14.77 
Stanwood’s rule gives diameter, inches. -» 1.8to02 5.4606 9.0 to10 
-Stanwood’s rule gives length, inches........... 2.8t08 7.5t09 12.5to015 
Stanwood’s largest dimensions give pressure . 
*PEL/SQ.AD., WS. J..s0.0<cecgcecsscnrccvccecces 1009 1829 1809 


“Which pressures are greater than the maximum allowed by Seaton. 
Whe Crankearm.—The crank-arm is to be treated as a lever, so. that 
if a is the thickness in direction parallel to the shaft-axis and bits breadth 
“at a section # inches from the crank-pin centre, then, bending moment M 
‘at that section = Px, P being the thrust of the connecting-rod, and f the 
_ safe strain per square inch, 


fats ox ge OF et 
ed T Rocce eT fines cane SES fe 0m 4/E- ae 


If a crank-arm weré constructed so that 6 varied as /# (as given by the 

above rule) it would be of such a curved form as to be inconvenient to man- 

- ufacture, and ponsequently it is customary in practice to find the maxi- 

mum value of b and draw tangent lines to the curve at the points; these 

_ lines are generally, for the same reason, tangential to the boss of the crank- 
arm at the shaft. 

The shearing strain is the sare throughout the crank-arm; and, conse- 
quently, is large compared with the bending strain close to the crank-pin ; 
and soitis not sufficient to provide there only for bending strains. The 

| section at this point should be such that, in addition to what is given by the 
- ealeulation from the bending moment, there is an extra square inch for 
"every 8000 lbs. of thrust on the connecting-rod (Seaton). : 
. The length of the boss h into.which the shaft is fitted is from 0.75 to 1.0 
_ of the diameter of the shaft D, and its thickness e must be calculated from 
the twisting strain PL. (L = length of crank.) i 
Yor different values of length of boss &, the following values of thickness 
of hoss ¢ are given by Seaton: 


Whenh=D,_ thene = 0.35 D; if steel, 0.3, 
h = 0.9 D, then e = 0.38 D, if steel, 0.82, 
h = 0.8 D, then e = 0.40 D, if steel, 0.33, 
h = 0.7 D, then e = 0,41 D, if steel, 0.84, 


- he crank-eye or boss into which the pin is fitted should bear the same 
" relation to the pin that the boss does to the shaft. 

The diameter of the shaft-end onto which the crank is fitted should be 
1.1 x diameter of shaft. 

Thurston says: The empirical proportions adopted by builders will com- 
monly be found to fall well within the calculated safe margin. These pro- 
portions are, from the practice of successful designers, about as follows: 

_ For the wrought-iron crank. the hub is 1.75 to 1.8 times the least diameter 
_ of that part of the shaft carrying full load; the eye is 2.0 to 2.25 the diame- 

ter of the inserted portion of the pin, and their depths are, for the hub, 1.0 

_ to 1,2 the diameter of shaft, and for the eye, 1.25 to 1.5 the diameter of pin. 


cs 


; 
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‘The web Is made 0.7 to 0.75 the width o£ 1ajas24" hub or eye, and is given a 
depth of 0.5 to 0.6 that of adjacent hub or eye. , Ns (eee 
‘or the cast-iron crank the hub and eye are 4 Uitle larger, ranging in 
diameter respectively from 1.8 to 2 and from 2 to 2.2 tiines the diameters of 
shaft and pin, The flanges are made at either ond of nvarly the full depth 
of hub or eye. Cast-iron has, however, fallen very generals into disuse. 

The crank-shaft is usually enlarged at the seat of the crank to about 1.1 
its diameter at the journal. The size should be nicely adjusted vc allow for 
the shrinkage or forcing on of the crank. A difference of diameter of one 
fifth of 1%, will usually suffice; and a common rule of practice gives an 
allowance of but one half of this, or .001. 

The formule given by different writers for erank-arms practically agree. 
since they all consider the crank as a beam loaded at one end and fixed at 
the other. The relation of breadth to thickness may vary according to the 
Loony of the designer. Calculated dimensions for our six engines are as fa’ 
ows $ 


Dimensions of Crank-arms, 


Diam, of cylinder, ins...} 10 10 80 80 50 50° | 
Stroke S, ins.........-+++ 12 24 30 60 48 96 
Max. pressure on pin P, i 
(approx.) Ibs ... ......| 7854 | 7854 | 70,686 | 70,686 196,850 | 196,350 
Diam. crank-pin d «-| 2.10 | 2.10] 7.384 5.58 12.40 8.87 


*/TELP. 
Diam.shatta4/ R P|e.74| 3.46 | 7.70 9.70 | 12.55 | 15.82 
(a = 4.69, 5,09 and 5.22).. 


Length of boss, .8D.....] 2.19 | 2.77 | 6.16 7.76 10.04 12.65 
Thickness of boss, .4D..| 1.10 | 1.39 | 3.08 8.88 5.02 6.82 
Diam. of boss, 1.8D......] 4.93 | 6.23 | 18.86 17.46 22.59 28.47 
Length crank-pineye, .8d| 1.76} 1.76 | 5.87 4.46 9.92 7.10 | 
Thickness of crank-pin 

OYE, GAd. ses nas ce eer o88{ .88] 2.94 2.23 4.46 8.55 


Max. mom. 7 at distance} 

36S — 14D from centre ’ 

Of pin, inch-Ibs......-. 37, 149|80,661] 788,149 | 1,848,439 | 8,479,322 | 7,871,671 
Thickness of crank-arm 

= ISD) on. nas concern} 2c0D, 1) 2.00.4 25678 7.28 9.41 11.87 
Greatest breadth, 


oF 
b= 4/ do00a| 8-48 | 4-55] 9.54 | 13.0 | 15.7 | 21.0 


Min.mom. Tp at distance 
d from centre of pin=Pd]16, 493/16, 493| 528,885 | 394,428 | 2,484,740 | 1,741,625 
Least breadth, 4 ; 


(BIg 
bs = 4/ s000q| 2:32 | 2-06 | 7-81 6.01 13.13 9.89 


pe A Sa a or er De | aad eh Le AU ae SE a 
Whe Shaft.—Twisting Resistamce.—From the general formula 
for torsion, we have: T= = d3§ = .19635d8S, whence d = / eas in which 


T = torsional moment in inch-pounds, d = diameter in inches, and S = the) 
shearing resistance of the material in pounds per square inch, 

Tf aconstant force P were applied to the crank-pin tangentially toits path, 
the work done per minute would be 


PXLx 2x B= B00XLEP., 


in which ZL = length of crank in inches, and R = revs. per min., and t 


mean twisting moment T = als > 63,025. Therefore : 


Fale. CIT (3/821,4271 BP. 7 
iH BO RO ee 
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This may take the form 


8 . ” e ae 8 ° 
dw j/ gx Rove =a 4/ EE, 


ifn which Fand a are factors that depend on the strength of the material 
and on the factor of safety. Taking S at 45,000 pounds per square inch for 
wrought iron, and at 60,000 for steel, we have, for simple twisting by a uni- 
‘form tangential force, 


‘Factor of safety = 5 6 8 10 5 6 8 10 
Tron...... F= 85.2 42.8 57.1 71.4 a=8.8 8.5 8.85 4.15 
Steel..... F = 26.8 32.1 42.8 53.5 a=38.0 3.183.5 38.77 


Unwin, taking for safe working strength of wrought iron 9000 Ibs,, steel 
13,500 lbs., and cast iron 4500 Ibs., gives a. = 3.294 for wrought iron, 2.877 for 
‘steel, and 4.15 for castiron. Thurston, for crank-axles of wrought iron, 
gives a = 4.15 or more. 

Seaton says: For wrought iron, f, the safe strain per pauare inch, should 
not exceed 9000 lbs., and when the shafts are more than 10 inches diameter, 
8000 Ibs. Steel, when made from the ingot and of good materials, will ad- 
mit of a stress of 12,000 lbs. for small shafts, and 10,000 lbs. for those above 
10 inches diameter. 

The difference in the allowance between large and small shafts is to com- 
pensate for the defective material observable in the heart of large shafting, 
owing to the hammering failing to affect it. 


The formula d = as/ LES. assumes the tangential force to be uniform 


and that it is the only acting force. For engines, in which the tangential 
force varies with the angle between the crank and the conneoting Frc, and 
with the variation in steam-pressure in the cylinder, and also is influenced 
by the inertia of the reciprocating parts, and in which also the shaft may be 
subjected to bending as well as torsion, the factor a must be increased, to 
provide for the maximum tangential force and for bending. 
~ Seaton gives the following table showing the relation between the maxi- 
“mum and mean twisting moments of engines working under various condi- 
Eons: the momentum of the moving parts being neglected, which is allow- 
able: 


Max. 
Twist 

Steam Cutoft |PVded) Root 

Description of Engine, Mean | Of the 

- Twist, Ratio. 

‘ ‘Mome’t| 
Single-crank expansive....+++-cecceersss 0.2 2.625 | 1.38 
hz a. pe oH 0.4 2.125 | 1.29 
i ee # ee 0.6 1,835 | 1.22 
us a - Sdeccéasiucsesseres 0.8 1.698 | 1.20 
; Two-cylinder expansive, cranks at 90°.... 0.2 1.616 | 1.17 
7 ° se eee 0.3 1.415 | 1.12 
; ~ * Pe cose 0.4 -298 | 1.09 
i “ « « sonal 0.5 1.256 | 1.08 
"f ~e be be eee 0.6 1.270 | 1.08 
ae C2 s Ge Pree 0.7 1,329 } 1.10 
‘3 “ * “ee 0.8 ‘ 1.357 | 1.11 
Three-cylinder compound, cranks 120°....} h.p.0.5, 1p, 0.66) 1.40 | 1.12 
rae ne fs . p. cranks i ‘“ A 1.26 1.08 
opposite one another, and h.p. midway . : 


Seaton also gives the following rules for ordinary practice for ordinary 
_ two-cylinder marine engines: 


\ */THP. 8 /THD. 
m4 Diameter of the tunnel-shafts = Ee xf, or a, = 
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Compound engines, cranks at right angles: 


Boiler pressure 70 lbs., rate of expansion 6 to 7, F = 70, a = 4.12, 
Boiler pressure 80 lbs., rate of expansion 7 to 8, W = 72, a= 4,16. 
Boiler pressure 90 lbs., rate of expansion 8 to 9, # = 75, a = 4.22, 


Triple compound, three cranks at 120 degrees: 


Boiler pressure 150 Ibs., rate of expansion 10 to 12, F = 62, a = 3.96. 
Boiler pressure 160 lbs,, rate of expansion 11 to 13, # = 64,a = 4. 
Boiler pressure 170 lbs., rate of expansion 12 to 15, # = 67, a = 4.06. 


Expansive engines, cranks at right angles, and the rate of expansion 5, 
boiler-pressure 60 lbs., 7’ = 90, a = 4.48. 

Single-crank compound engines, pressure 80 Ibs., ” = 96, a = 4.58. 

For the engines we are considering it will be a very liberal allowance for 
ratio of maximum to mean twisting moment if we take it as equal to the 
ratio of the maximum to the mean pressure on the piston, The factor a, 
then, in the formula for diameter of the shaft will be multiplied by the cube 


8 Waa a oe 
root of this ratio, or ang =1,34, st = 1.45, and 1 1.49 for the 
- 4 32.3 30 


10, 30, and 50-in. engines, respectively. Taking a = 3.5, which corresponds 
to a shearing strength of 60,000 and a factor of safety of 8 for steel, or to 
45,000. and a factor of 6 for iron, we have for the new coefficient a, in the 


3 
formula d, = a.4/ ae, the values 4.69, 5.08, and 5.22, from which we 


obtain the diameters of shafts of the six engines as follows: 
Engine NO......csceorece.sseccccece 1 2 3 4 5 6 


Diam. of cyl........ Haat} 10 80 80 50 50 
Horse-power, I.H.P... eas 50 50 450 450 1250 1250 
Revs. per min., R,... .. Sipe ee bp ae ae LO 65 90 45 


° /H.P. 
Diam. of shaft d =a,4/ ——.... 2.74 8.46 7.67 9.70 12.55 15.82 


These diameters are calculated for twisting only. When the shaft is also 
subjected to bending strain the caleulation must be modified as below : 

Resistance to Bending.—The strength of a circular-section shaft 
to resist bending is one half of that to resist twisting. If Bis the bending 
moment in inch-lbs., and d the diameter of the shaft in inches, 


3 ye ea 
Ba 78 xsiandd= 4/2 x 10.2; 


jis the safe strain per square inch of the material of which. the shaft is 
composed, and its value may-be taken as given above for twisting (Seaton). 


Equivalent Twisting Momemt.—When a shaft is subject te 
both twisting and bending simultaneously, the combined strain on any sec- 


tion of it may be measured by calculating what is called the equivalent 
twisting moment; that is, the two strains are so eombined as to be treated 
as a twisting strain only of the same magnitude and the size of shaft cal- 
‘culated accordingly, Rankine gave the following solution of the combined 
action of the two strains. 

*f 7 = the twisting moment, and B = the bending moment on a section of 
a shaft, then the equivalent twisting moment 7, = B+ VB? + T2, 

Seaton says: Crank-shafts are subject always to twisting, bending, and 
shearing strains; the latter are so small compared with the former that 
aA are i aad neglected directly, but allowed for indirectly by means of 
the factor f. 

The two principal strains vary throughout the revolution, and the maxi- 
mum equivalert twisting moment can only be obtained accurately by & 
series of calculations of bending and twisting moments taken at fixed inter= 
yals, and from them constructing a curve of strains. : 

Considering the engines of our examples to have overhung cranks, the 
maximum bending moment resulting from the thrust of the connecting-rod 
on the crank-pin will take place when the engine is passing its centres 
(neglecting the effect of the inertia of the reciprocating parts), and it will 
be the product of the total pressure on the piston by the distance between 


er 


nye 
map: 


one, 


a a eee 
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¥s then as below; 
> Taupe aR SE i SEES Ee Lema RR kw ee ae SEE OPS 


Engine No. 1 2 3 4 5 6 
| Diam. of cyl., in... 10 10 30 30 50 50 
orse-power,...... 50 50 450 450 1250 1250 


130 65 90 45 
ax.press. on pis,P| 7,854 | 7,854 70,686 70,686 | 196,350 | 196,350 
verage,* Lin....| 6.32 7.94 22.20 26.00 86.80 42.25 
‘Bd.mo.PL=Bin.-lb| 49,687 | 62,361 | 1,569,222 | 1,887,836 | 7,225,680} 8,295,788 
} Twist. mom. 7......] 47,124 | 94,248 | 1,060,290 2,120,580 | 4,712,400} 9,424,800 
‘Equiv.Twist. mom. 
T,=B+ VBI+T? ! 
(approx.)......-+ 118,000 | 175,000 ! 3,463,000 | 4,647,000 ! 15,840,000! 20,850,000 


* Leverage = distance between centres of crank-pin and shaft bearing = 


agi 2.250. 


| Having already found the diameters, on the assumption that the shafts 

‘were subjected to a twisting moment T' only, we may find the diameter for 
‘resisting combined bending and twisting by multiplying the diameters 
valready found by the cube roots of the ratio 7; + T, or 


40/5 2:07 1.46.” 1.840 51.64 186 
‘Giving corrected diameters d, =... 3.84 4.39 11.35 12.99 20.58 21.52 


By plotting these results, using the diameters of the cylinders for abscissas 
‘and diameters of the shafts for ordinates, we find that for the long-stroke 
sengines the results lie almost in a strai ht line expressed by the formula, 
‘diameter of shaft = .43 x diameter of cylinder; for the short-stroke engines 
‘the line is slightly curved, but does not diverge far from a straight Jine 
‘whose equation is, diameter of shaft = .4 diameter of cylinder. Using these 
‘two formulas, the diameters of the shafts will be 4.0, 4.3, 12.0, 12.9, 20.0, 21.5. 

_ J.B. Stanwood, in Engineering, June 12, 1891. gives dimensions of shafts 
of Corliss engines in American practice for cylinders 10 to 30 in. diameter. 
“The diameters range from 4 15/16 to 14 15 16, following precisely the equation, 
jameter of shaft = 14 diameter of cylinder — 1/16 inch. 

Fly-wheel Shafts.—Thus far we have considered the shaft as resist- 
ing the force of torsion and the bending moment produced by the pressure 
on the crank-pin. In the case of fly-wheel engines the shaft on the opposite 
side of the bearing from the crank- pin has tu be designed with reference to 

the bending moment caused by the weight of the fly wheel, the weight of 
the shaft itself, and the strain of the belt. For engines in which there is an 
outboard bearing, the weight of fly-wheel and shaft being supported by 
two bearings, the point of the shaft at which the bending moment is a 
“maximum may be taken us the point midway between the two bearings or 
at the middle of the fly-wheel hub, and the amount of the moment is the 
“product of the weight supported by one of the bearings into the distance 
from the centre of that bearing to the middle point of the shaft. The shaft 
is thus to be treated asa beam supported at the ends and loaded in the 
_middie, In the case of an overhung fly-wheel, the shaft having only one 
bearing, the point of maximum niomentshould be taken as the middle of 
the bearing, and its amount is very nearly the product of half the weight 
‘of the fly-wheel and the shaft into the distance from the middle of its hub 
from the middle of the bearing. The bending moment should be calculated 
“and combined with the twisting moment as above shown, to obtain the 
equivalent twisting moment, and the diameter necessary at the point of 
Maximum moment calculated therefrom. 

"In the case of our six engines we assume that the weights of the fly- - 
| Wheels, together with the shaft, are double the weight of fly-wheel rim 


} : 2 
obtained from the formula} W = 785,40) as (given under Fly-wheels); 
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that the shaft is supported by an outboard bearing, the distance between 
the two bearings being 2%, 5, and 10 feet for the 10-in., 30-in., and 50-in. 
engines, respectively. The diameters of the fiy-wheels are taken such 
that their rim velocity will bea little less than 6000 feet per minute. 


Engine No.....---+ .--+e0+es Cee | 2 3 4 5 6 
Diam. of cyl., inches......... 10. 10 30 30 50 50 
Diam. of fly-wheel, ft........ 7515. 14.5 29 21 Q 
Revs. per min......-... ....- 250 125 130 65 90 45 
Half wt.fly-wh’land shaft,lb. 268 536 yas bai 26,384 mee 


Lever arm for max.mom.,in. 15 15 
Max. bending moment, in.-Ib. 4020 8040 179,040 358,080 1,583,070 3,166,140 


As these are very much less than the bending moments ealculated from 
the pressures on the pank eee the diameters already found are sufficient 
for the diameter of the shaft at the fly-wheel hub. 

Tn the case of engines with heavy band fly-wheels and with long fiy-wheel 
shafts it is of the utmost importance to calculate the diameter of the shaft 
with reference to the bending moment due to the weight of the fly-wheel 
and the shaft. 

B. H. Coffey (Power, October, 1892) gives the formula for combined bend- 
ing and twisting resistance, 7, = .196d3S, in which T, = B+ VBILT?; T 
being the maximum, not the mean_twisting moment; and finds empirical 
working values for .196S as below. He says: Four points should be consid- 
ered in determining this value: First, the nature of the material; second, 
the manner of applying the loads, with shock or otherwise; third, the ratio 
of the bending moment to the torsional moment—the bending moment in a 
revolving shaft produces reversed strains in the material, which tend to rup- 
ture it; fourth, the size of the section. Inch for inch, large sections are 
weaker than small ones. He puts the dividing line between large and small 
sections at 10 in. diameter, and gives the following safe values of S X .196 for 
steel, wrought iron, and cast iron, for these conditions. , 


VALUE oF S X .196. 


Light shafts with 1 
Heavy Shafts Light Shafts 
Ratio. = Shock. Heavy 

with Shock. Shafts No Shock. o Shock. 


f 
a Wro’t} Cast Wro’t} Cast Wro’t} Cast 
BtoT., Steel. Iron. | Iron. Steel. Tron. | Iron. Steel. Tron. |Iron. 
1045 | 880 | 440 | 1566 | 1320 | 660 | 2090 } 1760 | 880 
941 | 785} 393 
855 | 715 | 358 | 1281 | 1074 | 537 | 1710 | 1480 | 715 
784 | 655} 3828 | 117 984 | 492 | 1568 | 1310 | 655 


8 to 10 or less. 
3 to 5 or less 
1 to1 or less. 
B greater tha 


Mr. Coffey gives as an example of improper dimensions the fly-wheel 
shaft of a 1500 H.P. engine at Willimantic, Conn., which broke while the en- 
gine was running at 425 H.P. The shaft was 17 ft. 5in. long between centres 
of bearings, 18 in. diam. for 8 ft. in the middle, and 15 in. diam. for the re- 
mainder, including the bearings. It broke at the base of the fillet connect- 
ing the two large diameters, or 5644 in. from the centre of the bearing. He 
calculates the mean torsional moment to be 446,654 inch-pounds, and the 
maximum at twice the mean; and the total weight on one bearing at 87,530 
Ibs., which, multiplied by 5644 in., gives 4,945,445 in.-lbs. bending moment at 


the fillet. Applying the formula T, = B+ 7B? + T?, gives for equivalent 
twisting moment 9,971,045 in.-lbs. Substituting this value in the formula 
T, = .196, Sd3 gives for S the shearing strain 15,070 Ibs. per sq. in., or if the 
metal had a shearing strength of 45,000 Ibs., a factor of safety of only 3. 
Mr. Coffey considers that 6000 Ibs. is all that should be allowed for S under 
these circumstances. This would give d = 20.25 in. If we take from Mr. 
Coffey’s table a value of .196S = 1100, we obtain d* = 9000 nearly, or d = 20.8 
in., instead of 15 in., the actual diameter. 

Length of Shaft-bearings.—There is as great a difference of 
opinion among writers, and as great a variation in practice concerning length 
of journal-bearings, as there is concerning crank-pins, The length of a 
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journal being determined from considerations of its heating, tle ooserva- 
§ tions concerning heating of crank-pins apply also to shaft-bearings, and the 
# formule for .ength of crank-pins to avoid heating may also be used, using 
for the total load upon the bearing the resultant of all the pressures brought 
‘upon it, by the pressure on the crank, by the weight of the fly-wheel, and by 
the pull of the belt. After determining this pressure, however, we must 
resort to empirical values for the so-called constants of the formule, really 
variables, which depend on the power of the bearing to carry away heat, 
and upon the quantity of heat generated, which latter depends on the pres~ 
‘sure, on the number of square feet of rubbing surface passed over in @ 
minute, and upon the coefficient of friction. This coefficient is an exceed- 
ingly variable quantity, ranging from .01 or less with perfectly polished 
journals, having end-play, and lubricated by a pad or oil-bath, to .10 or more 
with ordinary oil-cup lubrication. 

For shafts resisting torsion only, Marks gives for length of bearing i 
.0000247fp ND2, in which f is the coefficient of friction, p the mean pressure 
in pounds per oe inch on the piston, NV the number of single strokes per 
minute, and D the diameter of the piston. For shafts under the combined 
stress due to pressure on the crank-pin, weight of fly-wheel, etc., he gives 
the following: Let Q = reaction at bearing due to weight, S = stress due 
steam pressure on piston, and R= theresultant force; for horizontal engines, 
R, = /Q? + 83, for vertical engines R,; = Q -+- S, when the pressure on the 
crank is in the same direction as the pressure of the shaft on its bearings, 
and Rk, = ye S when the steam pressure tends to lift the shaft from its 
bearings. sing empirical values for the work of friction per square inch 
of projected area, taken from dimensions of cerank-pins in marine vessels, 
he finds the formula for length of shaft-journals 1 = .0000325/R,N, and 
recommends that to cover the defects of workmanship, neglect of oiling, 
and the introduction of dust, f be taken at .16 or even greater. He says 

_ that 500 lbs. per sq. in. of projected area may be allowed for steel or wrought- 
fron shafts in brass bearings with good results if a less pressure is not attain- 
able without inconvenience. Marks says that the use of empirical rules that 
do not take account of the number of turns per minute has resulted in bear- 
ings much too long for slow-speed engines and too short for high-speed 
engines. 

- Whitham gives the same formula, with the coefficient .00002575. 

Thurston says that the maximum allowable mean intensity of pressure 


‘may be, for all cases, computed by his formula for journals, J = 60,000d" or 


by Rankine’s, 1 = wa in which P isthe mean total pressure in pounds, 
V the velocity of rubbing surface in feet per minute, and d the diameter of 
_ fhe shaft in inches. It must be borne in mind, he says, that the friction work 
| on the main bearing next the crank is the sum of that due the action of the 
_ piston on the pin, and that due that portion of the weight of wheel and 
_ Shaft and of pull of the belt which is carried there. The outboard bearing 
 earries practically only the latter two parts of the total. The crank-shaft 
journals will be made longer on one side, and perhaps shorter on the other, 
_ than that of the crank-pin, in procorios to the work falling upon each, i.e., 
' to their respective products of mean total pressure, speed of rubbing sur- 
faces, and coefficients of friction: 
- Unwin says: Journals running at 150 revolutions per minute are often 
~ only one diameter long. Fan shafts running 150 revolutions per minute have 
psournals six or eight diameters long. The ordinary empirical mode of pro- 
ortioning the length of journals is to make the length proportional to the 
iameter, and to make the ratio of length to diameter increase with the 
speed. For wrought-iron journals: 


Revs. permin. = 50 100 150 200 250 500 1000 


os Length + diam. = 1.2 1.4 1.6 1.8 2.0 3.0 5.0. 
bd 


my Cast-iron journals may have l + d = 9/10, and steel journals 1+ d = 1%, 
- of the above values. 0.4 HP 


Unwin gives the following, calculated from the formula l = ao ieee 


_ which 7 is the crank radius in inches, and H.P. the horse-power transmitted 
to the crank-pin. i a 


= .004R +1. 


as 
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THEORETICAL JouRNAL LENGTH IN INCHES, 


Load on Revolutions of Journal per minute, 
Journal 
in 
pounds, 50 100 200 300 500 1000 
1,000 2 4 8 1.2 2. 4. 
2,000 4 8 1.6 2.4 4, 8, 
4,000 8 1.6 8.2 4.8 8. 16. 
5,000 1.0 e 4. 6. 10. 20. 
10,009 2. 4. 8. 12. 20. . 
5,000 3. E 12. 18. 30. Bye 
20,000 4. 8. 16, 24, 40, cece 
30,000 6. 12. 24, 36. sees es 
(0,000 8. 16. 82. wees . eee 
50,000 10. 20 40 eee 


Applying these different form)uz to our six engines, we haves 
a 
Engine Noi sais vasckbeize sine toievien Heke 1 2 3 4 5 6 


a SY Ra 0 | 
Diam. cyl teimems e.dessécenceses| 10 10 80 80 50 50 
Horse -power.. A 50 50 | 450 | 450 1,250) 1,250 
Revs. per min.......... 4 250 | 125 | 180 65 0 45 


wees Q 9 
Mean pressure on crank-pin = 8.....| 8,299 | 2,299 | 23,185 28,185) 68,905| 58,905 
Half wt. of fly-wheel and shaft = Q..| 268 | 536 5,968) 11,986] 26,470) 52,940 
Resultant press, on bearing 
VQ? + 8? = R,.| 8,810 | 3,835 | 23,994 26,194] 64,580) 79,200 
Diam. of shaft journal................ 8.84 | 4.39 | 11.85] 12.99] 20.58] 21.52 


Marks, 1 = .0000325/R,N(f=.10) | 5.38 | 2.71 | 20.87| 11.07] 37.78] 28.17 
Whitham, 2 = .0000515/R,R(f=.10).| 4.27 | 2.15 | 16.53| 8.77] 29.95] 18.85 
PV 
Thurston, B= G5 spp: wesee--{ 8.61 | 1.82 | 14.00] 7.43] 25.861 15.55 
PIV +20 

Racine, tat Eo ee 5.22 | 2.78 | 21.701 10.851 95.16! 22.47 
Unwin, eA ren ing 1d..... ...! 7.68 | 6.59 | 17.25] 16.86] 27.99] 25.39 
Unwin, 7=% aoe Bal ite otra 3.83 | 1.60 | 12.00] 6.00] 20.83] 10.42 
Mmareleel, ieewash Mk uiak pa eA 4.92 | 2.99 | 17.05] 10.00] 29.54| 19.22 


if we divide the mean resultant pressure on the bearing by the projected 
area, that is, by the product of the diameter and length of the journal, using 
the greatest and smallest length out of the seven lengths for each journ 
evca above, we obtain the pressure per square inch upon the bearing, ag 
ollows: Bib Vike 2 


ee eee 
HPRING ING wi one. Ge Se ea biodes SAGO Sc Neh ar | 2 3 4 5 6 
ee 
Pressure per sq. in., shortest journal.| 259 | 455} 1761 336| 151 853 
Longest journal........... vine 112 | 115 97 | 128 83] 145 


175 | 254 { 124] 202} 106) 191 
178 155 


Many of the formule give for the long-stroke engines a length of journa} 
less than the diameter, but such short journals are rarely used in practice, 
The last line in the above table has been calculated on the supposition thas: 
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ee ee of the long-stroke engines are made of a length equal to the 
iameter. 

In the dimensions of Corliss engines given by J. B. Stanwood (Eng., June 
12, 1891), the lengths of the ee for engines of diam. of cyl. 10 to 20 in. 
ure the same as the diam. of the cylinder, and a little more than twice the 
diam. of the journal. For engines above 20 in. diam. of cyl. the ratio of 
{ength to diam. is decreased so that an engine of 30 in, diam. has a journal 
26 in. long, its diameter being 1438 in. These lengths of journal are greater 
than those given by any of the formule above quoted. 

There thus appears to be a hopeless confusion in the various formule for 
elngth of shaft journals, but this is no more than is to be expected from the 
variation in the coefficient of friction, and in the heat-conducting power of 

journals in actual use, the coefficient varying from .10 (or even .16 as given 
y Marks) down to.01, according to the condition of the bearing surfaces 


and the efficiency of lubrication. Thurston’s formula, ? = aca aq reduces to 
the form 2 = .000004368PR, in which P = mean total load on journal, and 
& = revolutions per minute. This is of the same form as Marks’ and 
Whitham’s formule, in which, if f the coefficient of friction be taken at .10, 
the coefficients of PR are, respectively, .0000065 and .00000515. Taking the 
mean of these three formule, we have J = .0000053PR, if f = .10 or ls 
,0000537PR for any other value of f, The author believes this to be as safe 
@ formula as any for length of journals, with the limitation that if it brings 
a result of length of journal less than the diameter, then the length should 
be made equal to the diameter. Wheneyer with f = .10 it gives a length 
which is inconvenient or impossible of construction on account of limited 
Space, then provision should be made to reduce the value of the coefficient 
of friction below .10 by means of forced lubrication, end play, ete., and to 
carry away the heat, as by water-cooled journal-boxes. The value of P 
should be taken as the resultant of the mean pressure on the crank, and the 
toad brought on the bearing by the weight of the shaft, fly-wheel, etc., as 
‘calculated by the formula already given, viz., Ry = /Q? + S? for horizontal 
engines, and R, = Q+S for vertical engines. 


4 


or our six engines the formula / = .0000053PR gives, with the limitation 
for the long-stroke engines that the length shall not be less than the diam- 
‘eter, the following: : 


MOTIOINO: «ic shay asns anon teveeccoteee td 2 8 4 8 6 
Length of journal........ cecnccorssee 4.89 4.39°16.48 12.99 80.80 21.52 
Pressure per square inchonjournal,. 196 173 128 155 102 171 


a 

Crank-shafts with Centre-crank and Double-crank 
-Arms,—In centre-crank engines, one of the crank-arms, and its adjoining 
journal, called the after journal, usually transmit the power of the engine 
‘to the work to be done, and the journal resists both twisting and bending 
' moments, while the other journal is subjected to bending moment only. 
| For the after crank-journal the diameter should be calculated the same as 
for an overhung crank, using the formula for combined bending and twist- 
' ing moment, T, = B+ /B?-+ T?, in which 7, is the equivalent twisting 
' moment, B the bending moment, and 7 the twisting moment, This value 


Nee 8 
4 4 T, is to be used in the formula diameter = { / = The bending mo. 


_ ment is taken as the maximum load on piston multiplied by one fourth of 
the length of the crank-shaft between middle points of the two journal 
bearings, if the centre crank is midway between the bearings, or by one 
' half the distance measured parallel to the shaft from the middle of the 
_ @rank-pin to the middle of the after bearing. This supposes the crank- 

“shaft to be a beam loaded at its middle and supported at the ends, but 
_ Whitham would make the bending moment only one half of this, consider- 
ing the shaft to be a beam secured or fixed at the ends, with a point of con- 
 trafiexure one fourth of the length from the end. The first supposition is 
' the safer, but since the bending moment will in any case be much less than 
| is twisting moment, the resulting diameter will be but little greater than 


Whitham’s supposition is used. For the forward journal, which is sub- _ 


3/30" 
1 te bending moment only, diameter of shaft = y . in which B 
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fs the maximum bending moment and § the safe shearing strength of the — 
metal per square inch. 

For our six engines, assuming them to be centre-crank engines, and cone — 
sidering the crank-shaft to be a beam supported at the ends and loaded in 
the middle, and assuming lengths between centres of shaft bearings as 
given below, we have: i 


2 8 4 t) 6 


— a eee 


Engine No..... cesses see 


Length of shaft, assumed, 
inches, L.........-+.-- 2 


24 48 60 %6 96 
Max. press. on crank-pin,P| 7,854] 7,854 70,686] 70,686] 196,350} 196,350 
Max. bending moment, 


B=14PL, inch-lbs.,....) 39,270] 49,637] 848,232 1,060,290}3,729,750) 4,712,400 
Twisting moment, T.....-| 47,124] 94,248) 1,060,290) 2,120,580/4,712,400| 9,424,800 
Equiv. twisting moment, 

B+ VB?+T?.......-.. 101,000]156,000]2,208,000|3,430,000/9,740,000) 15,240,000 
Diameter of after journal, 


dm f/  cnvrsnnnees 3.98 | 4.60] 21.15 | 18.00 | 18.25] 21.20 
8000 


Diam. of forward journal, 
8, = 4/ BEB essen 3.68] 8.99} 10.28 | 11.16] 16.82) 18.18 
8000 


The lengths of the journals would be calculated in the same manner as in 
the case of overhung cranks, by the formula 7 = .000053/PR, in which P is 
the resultant of the mean pressure due to pressure of steam on the piston, 
and the load of the fiy-wheel, shaft, etc.,on each of the two bearings. 
Unless the pressures are equally divided between the two bearings, the 
calculated lengths of the two will be different; but it is usually customary 
to make them both of the same length, and in no case to make the length 
less than the diameter. The diameters also are usually made alike for the 
two journals, using the largest diameter found by calculation. 

The crank-pin for a centre crank should be of the same length as for an 
overhung crank, since the length is determined from considerations of 
heating, and not of strength. The diameter also will usually be the same, 
since it is made great enough to make the pressure per square inch on the 
projected area (product of length by diameter) small enough to allow of 
free lubrication, and the diameter so calculated will be greater than is rev 
quired for strength. 

Crank-shaft with Two Cranks coupled at 90°. —If the 
whole power of the engine is transmitted through the after journal of the 
after crank-shaft, the greatest twisting moment is equal to 1.414 times the 
maximum twisting moment due to the pressure on one of the crank-pins. 
If 7 = the maximum twisting moment produced by the steam-pressure on 
one of the pistons, then 7, the maximum twisting moment on the after part 
of the crank-shaft, and on the line-shaft, produced when each crank makes 
an angle of 45° with the centre line of the engine, is 1.4147. Substituting 
this value in the formula for diameter to resist simple torsion, viz.,d = 


3 8/5.1 < 1.4141 
x we haved = fs, or d=1.932 ti 5? in which 7 is 


the maximum twisting moment produced by one of the pistons, d = diam- 
eter in inches, and S=safe working shearing strength of the material. 
For the forward journal of the after crank, and the after journal of the 
forward crank, the torsional moment is that due to the pressure of steam 
onthe forward piston only, and for the forward journal of the forward) 
crank, if none of the power of the engine is transmitted through it, th 
torsional moment is zero, and its diameter is to be caleulated for bendin, 
moment only. 

For Combined Torsion and Flexure.—Let B, = bending mo 
ment on either journal of the forward crank due to maximum pressure ©. 
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ard piston, B, = bending moment on either journal of the after crank 
ue to maximum Nees oe on after piston, 7, = maximum twisting momen% 


fter journal of after crank due to pressure on the after piston. 
Then equivalent twisting moment on after journal of forward crank = B, 
+ VBA + T7. 
On forward journal of after crank = By +- VB? + 71%. 
On after journal of after crank = Bg + V Bq? + (1; + Ty). 
These vanes of equivalent twisting moment are'to be used in the formula 


Meta at 
or diameter of journals d= For the forward journal of the 


3 — 
“forward crank-shaft d = rl ae. 


It is customary to make the two journals of the forward crank of one 
Wiameter, viz., that calculated for the after journal. 

For a Three-cylinder Engine with cranks at 120°, the greatest 
“twisting moment on the after part of the shaft, if the maximum pressures 
“on the three pistons are equal, is equal to twice the maximum pressure on 
yany one piston, and it takes place when two of the cranks make angles of 
"80° with the centre line, the third crank being at right angles toit. (For de- 
monrnstration, see Whitham’s ‘‘ Steam-engine Design,” p. 252.) For combined 
‘torsion and flexure the same method as above given for two crank engines 
‘is adopted for the first two cranks; and for the third, or after crank, if all 
ithe power of the three cylinders is transmitted through it, we have the 
sequivalent twisting moment on the forward journal = B3-+ VB3?+(71+74), 
jand on the after journal = Bs + 445" + (7, + fT, + T)?, Bs and Ts being 
mepeotively the bending and twisting moments due to the pressure on the 
‘third piston. 

Crank «shafts for Triple-expansion Marine Engines, 
‘according to an article in The Mngineer, April 25, 1890, should be made 
Jarger than the formule would call for, in order to provide for the stresses 
‘due to the racing of the propeller in a sea-way, which can scarcely be cal- 
‘eulated. A kind of unwritten law has sprung up for fixing the size of a 
erank-shaft, according to which the diameter of the shaft is made about 
0.45D, where D is the diameter of the high-pressure cylinder. This is for 
solid shafts. When the speeds are high, as in war-ships, and the stroke 

short, the formula becomes 0.4D, even for hollow shafts. 

The Valve-stem or Valve-rod.—The valve-rod should be designed 
to move the valve under the most unfavorable conditions, which are when 
- the stem acts by thrusting, as a long column, when the valve is unbalanced 

{a balanced valve may become unbalanced by the joint leaking) and when it 
is imperfectly lubricated. The load on the valve is the product of the area 
into the greatest unbalanced eaay upon it per square inch, and the co- 
efficient of friction may be as high as 20%. The product of this coefficient 
‘and the load is the force necessary to move the valve, which equals the 
maximum thrust on the valve-rod. From this force the diameter of the 
-valve-rod may be calculated by Hodgkinson’s formula for columns, An 


empirical formula given by Seaton is: Diam. of rod = d = “p , in which 
T= length and 6 = breadth of valve, in inches; p = maximum absolute 
: pte on the valve in Ibs. per sq. in., and /’a coefficient whose values are, 
for iron: long rod 10,000, short 12,000; for steel: long rod 12,000, short 14,500. 
' Whitham gives the short em irical rule: Diam. of valve-rod = 1/30 diam. 
of cy). = 8 diam. of piston-rod, 

; Size of Slotelink, (Seaton.)—Let D be the diam. of the valve-rod 


5 = /_*p., 
= i 12,000” 


‘then Diameter of block-pin when overhung =D, 
os ies * secured at bothends = 0:% x D, 
tng be eccentric-rod pins =0.7 XD. 
a “4 suspension-rod pins = 0.55 X D. 
° 5 “pin when overhung = 0.75 xX D. 
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Breadth of link =08t00.9 x B. 
Length of block = 18to01.6 x D. 
Thickness of bars of link at middle SOT D: 


If a single suspension rod of round section, its diameter = 0.7 * D. 
If two suspension rods of round section, their diameter = 0:55 x D. 
Size of Double-bar Links.— When the distance between centres of 
eccentric ping = 6to8 times throw of eccentrics (throw = eccentricity = 


half-travel of valve at full gear) D as before : 
Depth of bars. = 1.25 xX D+ % in. 
‘Thickness of bars =05 xX D+¥% in, 
Length of sliding-block = 2.5to38 x D. 
Diameter of eccentric-rod pins = 0.8 xX D+ in 

* centre of sliding-block = 1.8 x D. 
When the distance between eccentric-rod pins = 5 to 54 times throw of 

eccentrics: 
Depth of bars = 1.25 x D on do in, 
Thickness of bars =05 x D+4in 
Length of sliding-block = 2.5 to8 X D. 


O38 X 

Diameter of eccentric-rod pins = 0.75 x D. 

Diameter of eccentric bolts (top end) at bottom of thread = 0.42 x D when 
of iron, and 0.38 x D when of steel. 

he Eecentric.—Diam. of eccentric-sheave = 2,4 X throw of eccentric 

+ 1.2 X diam. of shaft. Das before f 


Breadth of the sheave at the shaft.................. = 1.15 ¥ D+ 0.65-inch 

Breadth of the sheave at the strap.... = D+ 0.6 inch. 

Thickness of metal around the shaft ..... = 0.7 X D+ 0.5 inch, 

Thickness of metal at circumference ... = 0.6 X D+ 0.4 inch, 

Breadth of key........... Raieweleeee Seeke = 0.7 X D+0.5 inch 

Thickness of key..............+-0-5- nee = 0.25 x D+ 0.5 inch, 

Diameter of bolts connecting parts of strap........ = 0.6 X D+ 0.1 inch, 

THICENESS OF ECCENTRIC-STRAP. 
When of bronze or malleable cast iron: 

Thickness of eccentric-strap at the middle,........ = 0.4 D+-0.6 inch. 

dg 32 se «4  sides......0.... = 0.8 X D+ 0.5 inch, 


When of wrought iron or cast steel: 


Thickness of eccentric-strap at the middle.......... = 0.4 * D+05 inch, 
oe «e Fe ee ie, VAS RIOR. ance seer = 0.27 X D+ 0.4 inch. 


Whe Eccentric-rod.—The diameter of the eccentric-rod in the body 
and at the eccentric end may be calculated in the same way as that of the 
connecting-rod, the length being taken from centre of strap to centre of 
pin. Diameter at the link end = 0.8D + 0.2 inch. 

This is for wrought-iron; no reduction in size should be made for steel. 

Eccentric-rods are often made of rectangular section. 

BReversing=gear should be so designed as to have,more than sufficient 
strength to withstand the strain of both the valves and their gear at the 
same time under the most unfavorable circumstances; it will then have the 

‘stiffness requisite for good working. 

Assuming the work done in reversing the link-motion, W, to be only that 
due to overcoming the friction of the valves themselves through their whole 
travel, then, if T be the travel of valves in inches; for a compound engine © 


wWar(Xexe) +o(FXexe), 


2, 6! and p! being length, breadth and maximum steam-pressuré on valve 
of the second cylinder; and for an expansive engine rua 


T(LxXbxXpy, Dee 
Wa2rx TEXOX?), or got X & X De 
To provide for the friction of link-motion, eccentrics and other gear, and 


for abnormal conditions of the same, take the work at one and a half times 
the above amount, 
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To find the strain at any: part of the gear having motion when reversing, 
me the work so found by the space moved through by that part in feet; 
he quotient is the strain in pounds; and the size may be found from the 
‘ordinary rules of construction for any of the parts of the gear. (Seaton.) 
Engine-frames or Bed-plates.—No definite rules for the design 
(of engine-frames have been given by authors of works on the steam-engine. 
"The proportions are left to the designer who uses “rule of thumb,”’ or 
seopies from existing engines. F. A. Halsey (4m, Mach., Feb. 14, 1895) has 
“made a comparison of proportions of the frames of horizontal Corliss 
‘engines of several builders, The method of comparison is to compute from 
“the measurements the number of square inches in the smallest cross-sec- 
‘tion of the frame, that is, immediately behind the pillow-block, also to 
jcompute the total maximum pressure upon the piston, and to divide the 
Yatter quantity by the former. The result gives the number of pounds 
{ jpressure upon the piston allowed for each square inch of metal in the 
frame. He finds that the number of pounds per square inch of smallest 
‘section of frame ranges from 217 for a 10 X 30-in. engine up to 575 for a 
28 X 48-inch. A 80 x 60-inch engine shows 350 lbs., and a 32-inch engine 
which has been running for many years shows 667 lbs. Generally the 
strains increase with the size of the engine, and more cross-section of metal 
is allowed with relatively long strokes than with short ones, 
| From the above Mr. Halsey formulates the general rule that in engines 
of moderate speed, and baring strokes up to one and one-half times the 
}} diameter of the cylinder, the load per square inch of smallest section 
should be for a 10-inch engine 300 pounds, which figure should be increased 
for larger bores up to 500 pounds for a 30-inch vylinder of same relative 
stroke, For high speeds or for longer strokes the load per square inch 
should be reduced. 
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The function of a fly-wheel is to store up and to restore the periodical fluc- 
tuations of energy given to or taken from an engine or machine, and thus 
to keep approximately constant the velocity of rotation, Rankine calls the 


quantity se the coefficient of fluctuation of speed or of unsteadiness, in 
9 

which My is the mean actual energy, and AH the excess of energy received or 
of work performed, above the mean, during a given interval. The ratio of 
the periodical excess or deficiency of energy AE to the whole energy exerted 
jn one period or revolution General Morin found to be from 1/6 to 4 for 
single-cylinder engines using expansion; the shorter the cut-off the higher 
‘the value. For a pair of engines with cranks coupled at 90° the value of the 
ratio is about 14, and for three engines with cranks at 120°, 1/12 of its value 
for single-cylinder engines. For tools working at intervals, such as punch- 
ing, slotting and plate-cutting machines, coining-presses, etc., AW is nearly 
equal to the whole work performed at each operation, 


A fiy-wheel reduces the coefficient oe to a certain fixed amount, being 


‘about 1/32 for ordinary machinery, and. 1/50 or 1/60 for machinery for fine 
purposes. ‘ 

4 If m be the reciprocal of the intended value of the coefficient of fluctua- 

tion of speed, 4# the fluctuation or energy, [the moment of inertia of the 

“fly-wheel alone, and a» its mean angular velocity, J = esp As therim of 

a fly-wheel is asaalty RNY in comparison with the arms, I[may be taken 

|} toequal W7?, in Beg = weiehe of rim in pounds, and r the radius of the 

A. 
(eee ——, if » be the velocity of the rim in feet per 


- wheel; then W = 


F .in., R = revolutions per minute, D = out 
| ide diameter of wheel in feet. Thurston also gives for ordinary forms of 
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non-condensing engine with a ratio of expansion between 8 and 5, W= 


aAS 
R2pY 
For gas-engines, in which the charge is fired with every revolution, the Amer- 
ican Machinist gives this latter formula, with a doubled, or 24,000,000. 
eeete if the charge is fired every other revolution, a should be again 
oul : S 
Rankine (‘‘ Useful Rules and Tables,”’ p. 247) gives W = 476,000 ASP ,in 
which V is the variation of speed per cent. of the mean speed. Thurston’s 
first rule above given corresponds with this if we take V at 1.9 per cent. 
Hartnell (Proc. Inst., M. E. 1882, 427) says: The value of V, or the 
variation permissible in portable engines, should not exceed 3 per cent. with 
an ordinary load, and 4 per cent when heavily loaded. In fixed engines, for 
ordinary purposes, V = 24 to 8 per cent. For good governing or special 
BUrpeses such as cotton-spinning, the variation should not exceed 114 to 2 
r cent. 
ih M. Rites (Trans. A. S. M. E., xiv. 100) develops a new formula for weight 


of rim, viz.,. W = — Rip? and weight of rim per horse-power = Fipn in 
which C varies from 10,000,000,000 to 20,000,000,000; also using the latter value 


2 
of C, he obtains for the energy of the fly-wheel eA UB Se DES = 
CXH.P.(@.14)2D2R? _ 850,000 H.P. , is 
BSD? < 64.4 C3000 — ho Fly-wheel energy per H.P. = —-—. 


The limit of variation of speed with such a weight of wheel from excess of 
power per fraction of revolution is less than .0028. 
The value of the constant C given by Mr. Rites was derived from practice 


of the Westinghouse single-acting engines used for electric-lighting. For 


double-acting engines in ordinary service a value of C = 5,000,000,000 would 
probably be ample. | : 

From these formulee it appears that the weight of the fly-wheel for a given 
horse-power should vary inversely with the cube of the revolutions and the 
square of the diameter. 

J. B. Stanwood (Eng’g, June 12, 1891) says: Whenever 480 feet is the 
lowest piston-speed probable for an engine of a certain size, the fly-wheel 
weight for that ppeoL approximates closely to the formula 


d%s 
W = 700,000 DRT 


W = weight in pounds, d = diameter of cylinder in inches, s = stroke in 
inches, D = diameter of wheel in feet, R = revolutions per minute, corre 
sponding to 480 feet piston-speed. 

a Ready Reference Book published by Mr. Stanwood, Cincinnati, 1892, 
he gives the same formula, with coefficients as follows: For slide-valve en- 
gines, ordinary duty, 850,000; same, electric-lighting, 700,000; for automatic 
high-speed engines, 1,000,000; for Corliss engines, ordinary duty '700,000, 
electric-lighting 1,000,000. oe 

a. 


Thurston’s formula above given, W = » With a = 12,000,000, when re- 


RD? 
2 
duced to terms of d and sin inches, becomes W = 785,400 nam 
If we reduce it to terms of horse-power, we have I.H.P, = lata? 


in which P = mean effective pressure. Taking this at 40 lbs., we obtain 


w= 5,000,000,00022-2- If mean effective pressure = 80 lIbs,, then W= 


R?D?2° 
1.H.P. ‘ 


Emil Theiss (Am. Mach., Sept. 7 and 14, 1898) gives the following values 
or d, the coefficient of steadiness, which is the reciprocal of what nkine 
calls the coefficient of fluctuation : 


in which a ranges from 10,000,000 to 15,000,000, averaging 12,000,000, ~ 
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Spinning ey meine id 
Ordinary driving-engines (mounted on bed-plate), 
belt transmission A 
Gear-wheel transmission.. 
ix 2 HP. 


Mr, Theiss’s formula for weight of fly-wheel in pounds is W= ¢ x ———— 30a 


‘where d is the coefficient of steadiness, V the mean velocity oft the fly- 
‘wheel rim in feet per second, m the number of revolutions per minute, i = 
‘@ coefficient obtained by graphical solution, the values of which for dif. 
ferent conditions are given in the following table. In the lines under “‘ cut- 
‘off,’ p means ‘‘ compression to initial pressure,’? and O “ no compression ”’: 


VaLurEs oF ¢ SINGLE-CYLINDER NON-CONDENSING ENGINES. 


S | Cut-off, 1. | Cutoff, 4. Cut-off, 44. Cut-off, 34. 


a 2 4 ee ee 

Dh : 

a2 }Comp.{| g | Comp. aep: ra) Comp. 

ae es P "4 P 9 


Pe eS eee dar as | ae — ——_— | ______ 


200 272,690| 218,580) 242.010] 209,170] 220,760] 201,920) 193,340) 182,840 
400 240,810 187,430 208,200} 179,460 188, 510} 17 70, 040 174; 630} 167, 860 
600 194,670} 145,400 168, 590] 136,460 165, ae 146, eed 

800 158, 200) 108, 690] 162,070) 135 260) . rises beawe eine ohne 


SINGLE-CYLINDER CONDENSING ENGINES. 


ge : Cut-off, 34. } Cut-off, 1/6. | Cut-off, 4. | Cut-off, 34. | Cut-off, 4 
20 _ —— 

ZoEIC \. Comp. : Ais CG (e 

‘Zo fomp: p: mp. Bae ve 
Biehl OC Bh | Ota tO r) oO 


200 |265,560)176,560/234,160)173,660)204,210|167,140 a 600) 161,830 i 690] 156,990 
400 |194, 650|117,870 174,380 118, 350 164,720 133,080 174, 630/151, 680}. 
600 148,780|140,090 eee Pie inesecktl BES Sake PARA BORER Meee 
——— es 


Two-CYLINDER ENGINES, CRANKS AT 90°. 


Cut-off, 1/6. Cut-off, 14. Cut-off, 34. Cut-off, 14. 


Comp. Comp. Comp. 
a oO . Oo - (a) 


200 71,980 59,420 49,272 
400 70,160 | | Mean} 57,000 | { Mean 9°150 tess 87,920 1 eae 


600 70,040 | f 60,140) 57,480 50,000] 35,500 | s 36,956 
800 70,040 60,140 


THREE-CYLINDER ENGINES, CRANKS AT 120°, 


2&2 | Cutom,1/6. | Cut-o,y4. | Cut-on,% | Cut-off, 14 
232 | [| 
i 2 & coun. oO oe ra) ae oO Spe, re} 


200 83,810 | 32,240 33, 810 85,500 “34, 540. 33,450 | 35,260 | 32,370 
800 30,190 31,570 85,140 | 83,810 36,470 82,850 | 83,810 | 32,370 
CE ED ERE Te ELE LE at Ok a a cae Peta 


As a mean value of 7 for these engines we may use 83,810, 
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Centrifagal Force in Fly-wheels.—Let W = weight of rim in — 
pounds; & = mean radius of rim in feet; r = revolutions per minute, g = 
82.16; v = velocity of rim in feet per second = 2nRr + 60 


Wet | 4WaRr? 
i im = We — = ——— = .000341WRr?. 
Centrifugal force of whole rim = 7” on 36009 0 Rr 


The resultant, acting at Hight angles to a diameter of half of this force, 
tends to disrupt one half of the wheel from the other half, and is resisted by 
the section of the rim at each end of the diameter. The resultant of half the 


radial forces taken at right angles to the diameter is 1 +167 = = ofthe sum — 


of these forces; hence the total force F' is to be divided by 2 « 2 x 1.5708 
= 6,2832 to obtain the tensile strain on the cross-section of the rim, or, total 
strain on the cross-section = S = .00005427WRr?. The weight W, of a 
rim of cast iron 1 inch square in section is 24R xX 3.125 = 19.685R pounds, 
whence strain per square inch of sectional area of rim = S, = 00106565272 
= .0002664D%r2 = .0000270V2, in which D = diameter of wheel in feet, and 7 
as velocity, of rim in feet per minute. S, = .0972v?, if v is taken in feet per 
second, 


For wrought iron.,........ 8; = .0011366R2r2 = .0002842D2r2 = .00002887 2. 
For steel........6 ....+... Sy = .0011593R272 = 0002901 D272 = .0000294 172, 
For wood..........++-.---. 8; = .0000888R272 = 00002220272 = .00000225 7 2, 


The specific gravity of the wood being taken at 0.6 = 37.5 Ibs. per cu. ft., 
or 1/12 the weight of cast iron. 

Example.—Required the strain per square inch in the rim of a cast-iron 
wheel 30 ft. diameter, 60 revolutions per minute. 

Answer. 152 x 60? x 0010656 = 863.1 Ibs. 

Required the strain per square inch in a cast-iron wheel-rim running a 
mile a minute. Answer. .000027 x 5280? = 752.7 Ibs. 

In cast-iron fly-wheel rims, on account of their thickness, there is difficulty 
in securing soundness, and a tensile strength of 10,000 lbs. per sq. in. ig as 
much as can be assumed with safety. Using a factor of safety of 10 gives a 
maximum allowable strain in the rim of 1000 lbs. per sq. in., which corre« 
sponds to a rim velocity of 6085 ft. per minute, 

For any given material, as cast iron’ id. kanength to resist centrifugal force 
depends only on the velocity of the rifiiy:.hd not pon its bulk or weight. =| 

has. E. Emery (Cass. Mag., 1892) says: By calculation half the strength 
of the arms is available to strengthen the rim, or a trifle more if the fly- 
wheel centres are relatively large. The arms, however, are subject to trans- 
verse strains, from belts and from changes of speed, and there 1s, Moreover, 
no certainty that the arms and rim will be adjusted so as to pull exactly 
together in resisting disruption, so the plan of considering the rim by itself 
and making it strong enough to resist disruption by centrifugal force within 
safe limits, as is assumed in the calculations above, is the safer way. 

It does not appear that fly-wheels of customary construction should be 
unsafe at the comparatively: low speeds now in common use if proper 
materials are used in construction. The cause of rupture of fly-wheels that 
have failed is usually either the ‘running away ” of the engine, such as may 
be caused by the breaking or slackness of a governor-belt, or incorrect 
design or defective materials of the fly-wheel. 

Chas. T. Porter (Trans. A. S. M. E., xiv, 808) states that no case of the 
bursting of a fly-wheel with a solid rim in a high-speed engine is known. He 
attributes the bursting of wheels built in segments to insufficient strength 
of the flanges and bolts by which the segments are held together. (See also 
Thurston, ‘‘ Manual of the Steam-engine,” Part II, page 413, etc.) 

Arms of Fly-wheels and Pulleys. — Professor Torrey (Am. 
Mach., July 30, 1891) gives the following formula for arnis of elliptical cross- 
section of cast-iron wheels : 

W = load in pounds acting on one arm; § = strain on belt in pounds per 
inch of width, taken at 56 for single and 112 for double belts; v = width of 
belt in inches; n = number of arms; L = length of arm in feet; 6 = breadth 


of arm at hub; d= depth of arm at hub, both in inches: W= a 
b =7% . The breadth of the arm is its least dimension = minor axis of 
the ellipse, and the depth the major axis. This formula is based on a factor 
of safety of 10, = ee ; 


. 
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“In using the formula, first assume some depth for the arm, and calculate 
e required breadth to go with it. If it gives tooround an arm, assume 
e depth a little greater, and repeat the calculation, A second trial will 
Imost always give a good section. E 

The size of the arms at the hub having been calculated, they may be 
somewhat reduced at the rim end. The actual amount cannot be calculated, 
4s there are too many unknown quantities. However, the depth and 
readth-ean be reduced about one third at the rim without danger, and this 
ill give a well-shaped arm. 3 
Pulleys are often cast in halves, and bolted together. When this is done 
‘he greatest care should be taken to provide sufficient metal in the bolts. 
his is apt to be the very weakest point in such pulleys. The combined area 
of the bolts at each joint should be about 28/100 the cross-section of the pul 
ey at that point. (Torrey.) 


3/BD 
Unwin gives d= 0.6337 4/ rae for single belts 3 


3 


BD 
d = 0.798 4/ ~;, for double belts; 


D being the diameter of the pulley, and B the breadth of the rim, both in 
inches. These formule are based on an elliptical section of arm in which 
4 = 0.4d or d = 2.5b on a width of belt = 4/5 the width of the pulley rim, 
/a maximum driving force transmitted by the belt of 56 lbs. per inch of width 
'for a single belt and 112 lbs. for a double belt, and a safe working stress of 
cast iron of 2250 lbs. per square inch, 
‘If in Torrey’s formula we make b = 0.4d, it reduces to 


3/WL 3/WL 
b=V) teri T=) Be 


| Example.—Given a pulley 10 feet diameter; 8 arms, each 4 feet long; face, 
86 inches wide; belt, 30 inches: required the breath and depth of the arm at 
‘the hub. According to Unwin, 


3/BD. s /36 X 120 
d = 0.63874/ |, = 0.633 g = 5.16 for single belt, 6 = 2.06; 


Ng 3 /BD. 3 /36 X 120 
d= 0.798 4/ = = 0.798 3 = 6.50 for double belt, b = 2.60, 


| According to Torrey, if we take the formula 6 = use and assume d=5 


and 6.5 inches, respectively, for single and double belts, we obtain b = 1.08, 
@nd 1.33, respectively, or practically our one half of the breadth according 

to Uuwin, and, since transverse strength is proportional to breadth, an arm 

only one half as strong. 

_ Torrey’s formula is said to be based on a factor of safety of 10, but this 

‘factor can be only apparent and not real, since the assumption that the 

strain on each arm is equal to the strain on the belt divided by the number 

‘of arms, is, to say the least, inaccurate. It would be more nearly correct to 

‘gay that the strain of the belt is divided among half the number of arms. 

Unwin makes the same assumption in developing his formula, but says it is 

only in arough sense true, and that a large factor of safety must be allowed. 

He therefore takes the low figure of 2250 lbs. per square inch for the safe 

_ working strength of cast iron. Unwin says that his equations agree well 

‘with practice. 

_ Diameters of Fly-wheels for Various Speeds.—lf 6000 feet 

‘per minute be the maximum velocity of rim allowable, then 6000 = kD, in 
‘which R = revolutions per minute, and D= diameter of wheel in feet, ~ 


eo Di aa = ao i 
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Maximum DIAMETER OF FLY-WHEEL ALLOWABLE FOR DIFFERENT NUMBERS 
OF REVOLUTIONS. FE 


Assuming Maximum Speed of | Assuming Maximum Speed — 


5000 r minute, of feet per minute, 
ee ree P 
r minute. 
= Circum. ft. Diam. ft. Circum, ft. Diam. ft. 

125 89.8 150. 47.7 

50 100 31.8 120, 38.2 
60 83.3 26.5 100. 31.8 
70 71.4 22.7 85.7 27.3 
80 62.5 19.9 75.00 23.9 
90 55.5 17.7 66.66 21.2 
100 50. 15.9 60.00 19.1 
120 41.67 13.3 50.00 15.9 
140 35.7 11.4 42.86 13.6 
160 81.25 9.9 87.5 11.9 
180 27.77 8.8 33.33 10.6 
200 25.00 8.0 30.00 9.6 
220 22.7% 7.2 27.27 8.7 
240 20.83 6.6 25.00 8.0 
260 19.28 6.1 23.08 7.8 
280 17.86 5.7 21.43 6.8 
300 16.66 5.3 20.00 6.4 
350 14.29 4.5 17.14 5.5 
400 12.5 4.0 15.00 4.8 
50 11.11 3.5 13.38 4.2 
500 10.00 3.2 12.00 3.8 


Strains in the Rims of Fly-band Whee?s Produced by 
Centrifugal Force. (James B, Stanwood, Trans. A. S. M. E., xiv. 251.) 
—Mr. Stanwood mentions one case of a fly-band wheel where the periphery 
velocity on a 17’ 9/’ wheel is over 7500 ft. per minute. 

In band saw-mills the blade of the saw is operated successfully over 
wheels 8 and 9 ft. in diameter, at a periphery velocity of 9000 to 10,000 ft. per 
minute. These wheels are of cast iron throughout, of heavy thickness, with 
a large number of arms. 

In shingle-machines and chipping-machines where cast-iron disks from 2 to 
5 ft. in diameter are employed, with knives inserted radially, the speed is 
rie | 10,000 to 11,000 ft. per minute at the periphery. 

the rim of a fly-wheel alone be considered, the tensile strain in pounds 


per square inch of therim section is 7 = Sri nearly, in which V = velocity 


in feet per second; but this strain is modified by the resistance of the arms, 
which prevent the uniform circumferential expansion of the rim, and induce 
a bending as well as a tensile strain. Mr. Stanwood discusses the strains in 
band-wheels due to transverse bending of a section of the rim between a 
pair of arms. 

When the arms are few in number, and of large cross-section, the ring 
will be strained transversely to a greater degree than with a greater number 
of lighter arms. To illustrate the necessary rim thicknesses for various 
rim velocities, pulley diameters, number of arms, etc., the following table 
is given, based upon the formula 


75a 


t= m= 


1 , 
10 


- 


in which ¢ = thickness of rim in inches, d = diameter of pulley in inches, 
WV = number of arms, V = velocity of rim in feet per second, and F'= the) 
reatest strain in pounds per square inch to which any fibre is subjected. 
e value of F'is taken at 6000 lbs. per sq. in, 
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Thickness of Rims in Solid Wheels. 


Diameter of Velocity of Velocity of No. of Thick: 
Pulley in Rim in feet per|Rim in feet per} “Arms, ickness in 
tiehes: second. “minute. inches. 
24 50 8,000 6 2/10 
24 88 5,280 6 15/32 
48 88 5,280 6 15/16 
108 184 11,040 16 
108 184 11,040 86 


~ 


If the limit of rim velocity for all wheels be assumed to be 88 ft. per sec- 
ond, equal to1 mile per minute, #'= 6000lbs., the formula becomes 


405d a. 


_ When wheels are made in halves or in sections, the bending strain may 
be such as to make ¢ greater than that given above. Thus, when the joint 
comes half way between the arms, the bending action is similar to a beam 
‘supported simply at the ends, uniformly loaded, and ¢ is 50% greater, Then 
the formula becomes 
gee 712d 


eres j 


ied 
‘or for a fixed maximum rim velocity of 88 ft. per second and F = 6000 Ibs., 
a oo In segmental wheels it is preferable to have the joints opposite 


the arms. Wheels in halves, if very thin rims are to be employed, should 
have double arms along the line of separation, 
Attention should be given to the proportions of large receiving and tight- 
| ening pulleys. The thickness of rim for a 48-in. wheel (shown in table) with 
a rim velocity of 88 ft. per second, is 15/16 in. Many wrecks have been 
‘caused by the failure of receiving or tightening pulleys whose rims have beex 
too thin. Fly-wheels calculated for a given coefficient of steadiness are fre- 
quently lighter than the minimum safe weight. This is true especially of 
large wheels. A rough guide to the minimum weight of wheels can be de- 
duced from our formule. The arms, hub, lugs, ete., usually form from one 
quarter to one third the entire weight of the wheel. If b represents the rim 
of a wheel in inches, the weight of the rim (considered as a simple annular 
ring) will be w = .82dtb Ibs. _If the limit of speed is 88 ft. per second, then 
for solid wheels ¢ = 0.7d — N?. For sectional wheels (joint between arms) 
t=1.05d-- N?, Weight of rim for solid wheels, w = .57d2b +- N? in pounds. 
Weight of rim in sectional wheels with joints between arms, w = .86d2b 
| N?2in pounds. Total weight of wheel: for solid wheel, W = W6d2b = N? to 
86d*b =- N?,in pounds. For segmental wheels with joint between arms, 
W = 1.05d2b — N2 to 1.38d%b + N2, in pounds. 
_ _ (This subject is further discussed by Mr. Stanwood, in vol. xv., and by 
Prof. Gaetano Lanza, in vol. xvi., Trans. A. S. M. E.) 
wa Wooden Rim Fly-wheel, built in 1891 for a pair of Corliss en- 
_ gines at the Amoskeag Mfg. Co.’s mill, Manchester, N. H., is described by 
_ C.H. Manning inTrans. A.S, M. £., xiii. 618. It is 30 ft. diam. and 108 in. face. 
' The rim is 12 inches thick, and is built up of 44 courses of ash plank, 2, 3, 
and 4 inches thick, reduced about 14 inch in dressing, set edgewise, so as to 
break joints, and glued and bolted together. There are two hubs and two 
‘sets of arms, 12 in each, all of cast iron. The weights are as follows: 


at Weight (calculated) of ash rim..... tececsovctesecrss | 61,855) Ibs, 

q + of 24 arms (foundry 45,020)....sseceocesse-. 40,849 

‘Ss eb Os Yims Ge. st) BD, 080) ualectewe - 81,394.0 
\ Counter-weights in6arms............ 664 *% 


+ 104,2624 ** 


“The wheel was tested at 76 revs. per min., being a surface speed of nearly 
7200 feet per minute. 


Total, excluding bolts and screws.. 
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Mr. Manning discusses the relative safety of cast iron and of wooden 
wheels as follows: As for safety, the speeds being the same in both 
cases, the hoop tension in the rim per unit of cross-section would be directly 
as the weight per cubic unit; and its capacity to stand the strain directly as 
the tensile strength per square unit; therefore the tensile strengths divided 
by the weights will give relative values of different materials. Cast iron 
weighing 450 Ibs. per cubic foot and with a tensile strength of 1,440,000 lbs. 
per square foot wouldgive a value of 1,440,000 450= 3200, whilst ash, of 
which the rim was made, weghing 34 lbs. per cubic foot, and with 1,152,000 
lbs. tensile strength per square foot, givés a result 1,152,000 ~ 84 = 33,882, 
and 83,882 -- 3200 = 10.58, or the wood-rimmed pulley is ten times safer 
than the cast-iron when the castings are good. This would allow the wood- 


rimmed pulley to increase its speed to 4/10.58 = 3.25 times that of a sound 
cast-iron one with equal safety. 

Wooden Fly-wheel of the Willimantic Linen Co, (Illus- 
trated in Power, March, 1893.)—Rim 28 ft. diam., 110 in, face. he rim is 
carried upon three sets of arms, one under the centre of each belt, with 12 
arms in each set. 

The material of the rim is ordinary whitewood, % in. in thickness, cut into 
segments not exceeding 4 feet in length, and either 5 or 8 inches in width. 
These were assembled by building a complete circle 13 inches in width, first 
with the 8 inch inside and the 5-inch outside, and then beside it another cir- 
ele with the widths reversed, so as to break joints. Each piece as it was 
added was brushed over with glue and nailed with three-inch wire nails to 
the pieces already in position. The nails pass through three and into the 
fourth thickness. At the end of each arm four 14-inch bolts secure the 
rim, the ends being covered by wooden plugs glued and driven into the face 
of the wheel. 

Wire-wound Fly-wheels for Extreme Speeds. (Eng’g News, 
August 2, 1890,)—The power required to produce the Mannesmann tubes is 
very large, varying from 2000 to 10,000 H.P., according to the dimensions of 
the tube. Since this power is only needed for a short time (it takes only 8¢ 
to 45 seconds to convert a bar 10 to 12 ft. long and 4 in. in diameter into a _ 
tube), and then some time elapses before the next bar is ready, an engine of — 
1200 H.P. provided with a large fly-wheel for storing the energy will supply 
power enough for one set of rolls. These fly-wheels are so large and run at 
such great speeds that the ordinary method of constructing them cannot be 
followed. A wheel at the Mannesmann Works, made in Komotau, Hungary, 
in the usual manner, broke at a tangential velocity of 125 ft. per second. 
The fly-wheels designed to hold at more than double this speed consist of a 
cast-iron hub to which two steel disks, 20 ft. in diameter, are bolted; around 
the circumference of the wheel thus formed 70 tons of No. 5 wire are wound 
under a tension of 50 lbs. In the Mannesmann Works at Landore, Wales, 
such a wheel makes 240 revolutions a minute, corresponding to a tangential 
velocity of 15,080 ft. or 2.85 miles per minute, 
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Definitions.—Tavel = total distance moved by the valve. 

Throw of the Eccentric = eccentricity of the eccentric = distance from the 
tentre of the shaft to the centre of the eccentric disk = 14 the travel of the 
Noted (some writers use the term ‘“‘ throw’ to mean the whole travel of 
the valve. 

Lap of the valve, also called outside lap or steam-lap = distance the outer 
or steam edge of the valve extends beyond or laps over the steam edge of 
the port when the valve is in its central position. 

Inside lap, or exhaust-lap = distance the inner or exhaust edge of the 
valve extends beyond or laps over the exhaust edge of the port when the 
valve is in its central position. The inside lap is sometimes made zero, or 
even negative, in which latter case the distance between the edge of the 
valve and the edge of the port is sometimes called exhaust clearance, or 
inside clearance. 

Lead of the valve = the distance the steam-port is opened when the engine 
is on its centre and the piston is at the beginning of the stroke. 

Lead-angle = the angle between the position of the crank when the valve 
begins Ka be opened and its position when the piston is at the beginning of ° 
the stroke, i 

The valve is said to have lead when the steam-port opens before the pirton 
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egins its stroke. If the piston begins its stroke before the admission of 
eam begins the valye is said te have negative lead, and its amount is the 
ap of the edge of the valve over the edge of the port at the instant when 
she piston stroke begins. 
___Lap-angle = the angle through which the eccentric must be rotated to 
use the steam edge to travel from its central position the distance of the 
map. 
Angular advance of the eccentric’= lap-angle + lead angle. 
_ Linear advance = lap + lead, ‘ 
: of Lap, Lead, etc., upon the Steam Distribution,— 
) Given valve-travel 234 in.,lap 34 in., lead 1/16 in., exhaust-lap 14 in., re- 
quired crank position for admission, cut-off, release and compression, and 
Pzreatest port-opening. (Halsey on Slide-valve Gears.) Draw a circle of 
liameter fh = travel of valve. From O the centre set off Oa = lap and ab 
= lead, erect perpendiculars Oe, ac, bd; then ec is the lap-angle and cd the 
)ead-angle, measured as ares. Set off fg=cd, the lead-angle, then Og is 
she position of the crank for steam admission. Set off 2ec+- cd from h to 7; 
}yhen O7 is the crank-angle for cut-off, and' fk +jh is the fraction of stroke 
Yompleted at cut-off. Set off Ol =exhaust-lap and draw Im; em is the 
}>xhuust-lap angle. Set off hn=ec-+-cd—em, and On is the position of 
/vank at release, Set off fp = ec+-ca@-+ em, and Op is the position of crank 
Yor compression, fo + fh is the fraction of stroke completed at release, and 
q =- hf is the fraction of the return stroke completed when compression 
egins; Oh, the throw of the eccentric, minus Oa the lap, equals ah the 
Haximum port-opening. es 
_ Ifa valve has neither lap nor lead, the line joining the centre of the eccen- 
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ic disk and the centre of the shaft being at right angles to the line of the 
rank, the engine would follow full stroke, admission of steam beginning at 
he beginning of the stroke and ending at the end of the stroke. 
“Adding lap to the valve enables us to cut off steam before the end of the 
roke; the eccentric being advanced on the shaft an amount equal to the 
p-angle enables steam to be admitted at the beginning of the stroke, as 
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before lap was added, and advancing it a further amount equal to the lead | 
we ee causes steam to be admitted before the beginning of the stroke. ; 

aving given lap to the valve, and having advanced the eccentric cn the | 
shaft from its central position at right angles to the crank, through the 
angular advance = lap-angle and lead-angle, the four events, admission, 
cut-off, release or exhaust-opening, and compression or exhaust-closure, | 
take place as follows: Admission, when the crank lacks the lead-angle of 
having reached the centre; cut-off, when the crank lacks two lap-angles and 
one lead-angle of having reached the centre. During the admission of 
steam the crank turns through a semicircle less twice the lap-angle. The 
greatest port-opening is equal to half the travel of the valve less the lap. 
Therefore for a given port-opening the travel of the valve must be in- 
creased if the lapis increased. When exhaust-lap is added to the valve it 
delays the opening of the exhaust and hastens its closing by an angle of 
rotation equal to the exhaust-lap angle, which is the angle through which 
the eccentric rotates from its middle position while the exhaust edge of the 
valve uncovers its lap. Release then takes place when the crank lacks one 
lap-angle and one lead-angle minus one exhaust-lap angle of having reached 
the centre, and compression when the crank lacks lap-angle-+ lead-angle-+- 
exhaust-lap angle of having reached the centre. 

The above discussion of the relative position of the crank, piston, and 
valve for the different ponte of the stroke is accurate only with a connect- 
ing-rod of infinite length. 

For actual connecting-rods the angular position of the rod causes a 
distortion of the position of the valve, causing the events to take place too 
late in the forward stroke and too early in the return. The correction of 
this distortion may be accomplished to some extent by setting the valve so 
as to give equal lead on both forward and return stroke, and by altering 
the exhaust-lap on one end so as to equalize the release and compression, 
F. A. Halsey, in his Slide-valve Gears, describes a method of equalane, the 
cut-off without at the same time affecting the equality of the lead. In 
Borening, slide-valves the effect of angularity of the connecting-rod should 
be studied on the drawing-board, and preferably by the use of a model. 

Sweet’s Valve-diagram.—tTo find outside and inside lap of valve 
for different cut-offs and compressions (see Fig, 147): Draw a circle whose } 


Fa. 147.—Sweet’s Valve-diagram. 


te 
diameter equals travel of valve. Draw diameter BA and continue to Alii 
go that the length 4A! bears the same ratio to XA as the length of con. Ate 
necting-rod does to length of engine-crank. Draw small circle K with a a i 
radius equal to lead. Lay off AC so that ratio of AC to AB = cut-off infty 
pars of the stroke. Erect. perpendicular CD. Draw DL tangent to Kj 
w XS perpendicular to DL; XS is then outside lap of valve. | 
To find release and compression: If there is no inside lap, draw FH 
through X parallel to DL. F and FH will be position of crank for release} 
and compression, If there is an inside lap, draw a circle about X, in whic i 
radius equals inside lap. Draw H@ tangent to this circle and paralle}llit 
to DL; then H and G are crank position for release and compression} 
Draw HN and MG, then AN is piston position at release and AM piston 
position at compression, AB being considered stroke of engine. 
To make compression alike on each stroke it is necessary to increase thei! 
inside lap on crank end of valve, and to decrease by the same amount thef 
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inside lap on back end of valve. To determine this amount, through © wit! 
@ radius MM! = AA}, draw are M P, from P draw PT DerpeHdiciiae to yi 
then 7M is the amount to be added to inside lap on crank end, and to be 
deducted from inside lap on back end of valve, inside lap being XY. 

For the Bilgram Valve Diagram, see Halsey on Slide-valve Gears. 

Whe Zeuner Valve-diagram is given in most of the works on the 
steam-engine, and in treatises on valve-gears, as Zeuner’s, Peabody’s, and 


i, Fig. 148.—Zeuner’s Valve-diagram, 


/Spangler’s. The following is condensed from Holmes on the Steam-engine: 
Describe a circle, with radius OA equal to the half travel of the valve, 
From O measure off OB equal to the outside lap, and BC oe to the lead. 
When the crank-pin occupies the dead centre 4, the valve has already 
“moved to the right of its central position by the space OB+BC. From € 
) erect the perpendicular CH and join OZ. Then will OH be the position 
occupied by the line joining the centre of the eccentric with the centre of 
the crank-shaft at the commencement of the stroke. On the line OZ as 
diameter describe the circle OCH; then any chords, as Oe, OF, Oe’, will 
epresent the spaces travelled by the valve from its central position when 
\the crank-pin occupies respectively the positions opposite to D, HE, and F. 
Before the port is opened at all the valve must have moved from its central 
Position by an amount equal to the lap OB. Hence, to obtain the space by 

which the port is opened, subtract from each of the arcs Oe, OF, etc., a 
ength equal to OB. This is represented graphically by describing from 
eentre O a circle with radius equal to the lap OB ; then the spaces fe, gH, 
"etc., intercepted between the circumferences of the lap-circle Bfe’ and the 

alve-circle OCE, will give the extent to which the steam-port is opened. 
__At the point k, at which the chor Ok is common to both valve and lap 
2ircles, it is evident that the valve has moved to the right by the amount of 
he lap, and is consequently just on the point of opening the steam-port. 
| Hence the steam is admitted before the commencement of the stroke, when 
he crank occupies the position OH, and while the vortion HA of the reyo- 
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lution stil] remains to be accomplished. When the crank-pin reaches the ~ 
position A, that is to say, at the cummencement of the stroke, the port is — 
already opened by the space OC— OB= BC, called the lead, From this © 
point forward till the crank occupies the position OF the port continues to 
open, but when the crank is at O# the valve has reached the furthest limit 
of its travel to the right, and then commences to return, till when in the 
osition OF the edge of the valve just covers the steam-port, as is shown 
y the chord Oe’, being again common to both lap and valve circles. Hence 
when the crank occupies the position OF the cut-off takes place and the 
steam commences to expand, and continues to do so till the exhaust opens. 
For the return stroke the steam-port opens again at H’ and closes at ot Oe 

There remains the exhaust to be considered. When the line joining the 
centres of the eccentric and crank-shaft occupies the position o posite to 
OG at right angles to the line of dead centres, he crank is in the line OP at 
right angles to OZ; and as OP does not intersect either valve-circle the 
valve occupies its central position, and use closes the port by the 
amount of the inside lap. Thecrank must therefore move through such 
an angular distance that its line of direction OQ must intercept a chord on 
the vaive-circle OK equal in length to the inside lap before the port can be 
opened to the exhaust. This point is ascertained precisely in the same 
manner as for the outside lap, namely, by drawing a circle from centre 0, 
with a radius equal to the inside lap; this is the small inner circle in. the 
figure. Where this circle intersects the two valve-circles we get four points 
which show the positions of the crank when the exhaust opens and _ closes 
during each revolution. Thus at Q the valve opens the exhaust on the side 
of the piston which we have been considering, while at R the exhaust closes 
and compression commences and continues till the fresh steam is read- 
mitted at H. 

Thus the diagram enables us to ascertain the exact position of the crank 
when each critical operation of the valve takes place. Making a résumé of 
these operations of one side of the piston, we have: Steam admitted before 
the commencement of the stroke at H. At the dead centre A the valve is 
already opened by the amount BC. At EF the port is fully opened, and 
valve has reached one end of its travel. At #’ steam is cut off, consequently 
admission lasted from H to F. At P valve occupies central position, and 
ports are closed both to steam and exhaust. At Q exhaust opened, conse- 
quently expansion lasted from F' to Q. At K exhaust opened to maximum 
extent, and valve reached the end of its travel to the left. At R exhaust 
piece, and compression begins and continues till the fresh steam is admitted 
at A. 

PRoBLEM.—The simplest problem which occurs is the following: Given 
the length of throw, the angle of advance of the eccentric, and the laps of 
the valve, find the angles of the crank at which the steam is admitted and 
cut off and the exhaust opened and closed. Draw the line OZ, representing 
the half-travel of the valve or the throw of the eccentric at the given angle 
of advance with the perpendicular OG. Produce OF to K. On O£ and OK 
as diameters describe the two valve-circles, With centre and radii equal to 
the piven laps describe the outside and inside lap-circles. Then the inter- 
section of these circles with the two valve-circles give points through which 
the lines OH, OF, 00, and OR canbe drawn. These lines give the required 
positions of the crank. 

Numerous other problems will be found in Holmes on the Steam-engine, 
ete Ge problems in valve-setting and the application of the Zeuner dia- 
gram to link motion and to the Meyer valve-gear. 

Port Opening.—The area of port opening should be such that the ve- 
locity of the steam in passing through it should not exceed 6000 ft, per min. 
Hey ratio of port area to piston area will then vary with the piston-speed as 

‘ollows: 


For speed of piston, 
speed of piston, 199 209 300 400 500 600 700 800 900 1000 1200 


Port area = piston! oy7 .038 .05 .067 .083 «1.107 188.15 107 2 


area X 
For a velocity of 6000 ft. per min., 
Pit aren = sq. of diam. of or x piston-speed. 
The length of the port opening may be equal to or something less than the} 
diameter of the cylinder, and the width = area of port opening + its length, 
The bridge between steam and exhaust ports should be wide enough to} 
prevent a leak of steam into the exhaust due to overtravel of the valve. 


| A 


and size of the engine, from a very small 
ef aninch or more. Stationary-engines 
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_ Auchincloss gives: Width of exhaust port = width of steam port + 
%&% travel of valve — width of bridge. 

Lead. (From Peabody’s Valve-gears.)—The lead, or the amount that 
the valve is open when the engine is on a dead point, varies, with the type 


amount, or even nothing, up to 3% 
running at slow speed may have 


' from 1/64 to 1/16 inch lead. The effect of compression is to fill the waste 
' Space at the end of the cylinder with steam; consequently, engines having 
“much compression need less lead, Locomotive-engines having the valves 
controlled by the ordinary form of Stephenson link-motion may have 
‘a small lead when running slowly and with along cut-off, but when at speed 
‘with a short cut-off the lead is at least 144 inch; and locomotives that have 
valye-gear which gives constant lead commonly have 4 inch lead. The 
lead angle is the angle the crank makes with the line of dead points at 


admission. It may vary from 0° to 8°, 


Inside Lead.—Weisbach (vol. ii. p, 296) says: Experiment shows that 
the earlier opening of the exhaust ports is especially of advantage, and in 
the best engines the lead of the valve upon the side of the exhaust, or the 
inside lead; is 1/25 to 1/15; i.e., the slide-valve at the lowest or highest posi- 
tion of the piston has made an opening whose height is 1/25 to 1/15 of the 
whole throw of the slide-valve. The outside lead of the slide-valye or the 
lead on the steam side, ou the other hand, is much smaller, and is orten 


enly 1/100 of the whole throw of the valv 


e. 


Effect of Changing Outside Lap, Imside Lap, Travel 
and Angular Advance, (Thurston.) 


Admission Expansion 


Incr. is later, oceurs earlier, 
O.L.} ceasessooner | continues longer 
‘Incr. begins as before, 
LL. unchanged continues longer 
Iner.| begins sooner, begins later, 
T. |continues longer} ceases sooner 
Incr.} begins earlier, | begins sooner, 
_ A.A.! period unaltered] per. tho same 


Exhaust Compression 


begins at 
same point 
occurs later, begins sooner, 
ceases earlier | continues longer 
begins later, begins later, 
ceases later ends sooner 
begins earlier, | begins earlier, 
per. unchanged | por. the same 


is unchanged 


_ Zeuner gives the following relations (Weisbach-Dubois, vol. ti. p, 307): 
If § = travel of valve, p = maximum port opening; 


iL = steam-lap, / = exhaust-lap; 


R= ratio of steam-lap to half travel = a pa 2 x3 


+ = ratio of exhaust lap to half trav 


S=2%p+2L=%2mM+RxKS; S= 


Uj r - 
el= <5 tax 3 
2p 


1-R 


If a = angle HOF between positions of crank at admission and at cut-off, 
and 8 = angle QOR between positions of crank at release and at 


: sin (180° — a), 


compression, then R = 14 


sin (180° — 8 


sinléa ? ia ares an 


Ratio of Lap and of Port-opening to Valve-travel.—The 
" table ou page 831, giving the ratio of lap to travel of valve and ratio of travel 
to eae opening, is abridged from one given by Buel in Weisbach-Dubois, 
vol. 


ii. It is calculated from the above formule. Intermediate values may 
- be found by the formule, or with sufficient accuracy by interpolation from 
the euros in the table. By the table on page 830 the crank-angle may be 


- foun 


that is, the angle between its position when the engine is on the 


centre and its position at cut-off, release, or compression, when these are 

known in fractions of the stroke. To illustrate the use of the tables the 
- following example is given by Buel: width of port = 2.2 in,3 width of port 
- opening = width of port + 0.3 in.; overtravel = 2.5 in.; length of connect- 


_ ing-rod = 
stroke ; lead-angle, 10°. From the first 


214 times stroke ; cut-off = 0.75 of stroke; release = 0,95 of 


table we find crank-angle = 114.6, ~ 
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add lead-angle, making 124.6.° rom the second table, for angle between 
admission and cut-off, 125°, we have ratio of travel to port-opening = 3.72, 
or for 124.6° = 3.74, which, multiplied by port-opening 2.5, gives 9.45 in 
travel. The ratio of lap to travel, by the table, is .2324, or 9.45  .2324 = 2.2 
in. lap, For exhaust-lap we have, for release at .95, crank-angle = 151.3; 
add lead-angle 10° = 161.3°, From the second table, by interpolation, ratio , 
of lap to travel = .0811, and .0811 x 9.45 = 0.77 in., the exhaust-lap. 


Lap-angle = 14 (180° — lead-angle — erank-angle at cut-off);. 
; = 44 (180° 7 10 — gi = Fe : Sy pee a 
Angularadvance = lap-angle -++ lead-angle = 27. = (37.79. 
Extaust lap-angle = eran sue at release + lap-angle + lead-angle — 180°; 
= 151.3 + 27.7 + 10 — 180° = 92, 
Crank-angle at com- 
pression measured > = 180° -- lap-angle — lead-angle — exhaust lap-angle; 


on return stroke 4 
= 180 — 27.7 — 10 — 9 = 183.8° ; corresponding, by 
table, to a piston position of .81 of the return stroke; or 
Crank-ang! le at compression = 180° — (an, te at —— — angle at cut-off) 
ead-angle; 
= 180 — (151.3 — 114.6)+ 10 = 182.89, 

The positions determined above for cut-off and release are for the forward 
stroke of the piston, On the return stroke the cut-off will take place at 
the same angle, 114.6°, correspondin by table to 66.6% of the return 
stroke, instead of %5%. By a slight justment of the angular advance 
and the length of the eccentric rod the cut-off can be equalized. The 
width of the bridge should be at least 2.5 + 0.25 — 2.2 = 0.55 in, 


Orank Angles for Connecting-rods of Different Length. 
ForWARD AND RETURN STROKES. 


% Be Ratio of Length of Connecting-rod to Length of Stroke. 
og : 
£a0 I } 
° nfi- q 
See} 2 2% 3 346 a 5 - |nite, Bf 
BEE For. & 
Re For.| Ret.) For.| Ret.| For.| Ret.| For.| Ret.| For. Ret.| For.| Ret. he 
6) et. | 
0% } 10.3) 13.2) 10.5} 12.8] 10.6] 12.6] 10.7] 12.4 10.8) 12.3] 10.9} 12.1] 11.5 : 
02 ] 14.6) 18.7] 14.9] 18.1] 15.1] 17.8] 15.2] 17.5 15.3) 17.4) 15.5} 17.1] 16.3 3 
+03 | 17.9) 22.9] 18.2] 22.9] 18.5] 21.8 18.7} 21.5} 18.8) 21.3] 19.0] 21.0] 19.9 j 
004 | 20.7) 26.5) 21.1! 25.7] 21.4] 25.21 21.6] 24.9 21.8) 24.6} 22.0} 24.3] 93.4 . 
-05 | 23.2! 29.6] 23.6] 28.7] 24.0] 28.9] 24 9] 97'8 24.4] 27.5] 24.7] 27.2] 25.8 f 
-10 | 33.1) 41.9) 83.8] 40.8] 34.3] 40.1] 34 6| 39.6 34.9] 89.2] 85.2) 38.7] 36.9 i 
15 | 41} 51.5) 41.9) 50.2] 42.4] 49.3] 42.9 48.7) 43.2) 48.3} 43.6] 47.7| 45. t 
-20 | 48 | 59.6] 48.9] 58.2] 49.6] 57.3] 50.1 56.6) 50.4} 56.2] 50.9] 55.5] 53.1 j 
25 | 54.3! 66.9} 55.4] 65.4! 56.1] 64.4] 56.6 63.7| 57.0] 63.3} 57.6} 62.6] 60.0 } 
.80 | 60. 3.5] 61.5] 72.0} 62.2] 71.0] 62.8] 70.3] 63.3] 69.8 63.9] 69.1] 66.4 t 
35 | 66.1) 79 8) 67.3] 78.3] 68.1| 77.3] 68.8] 76.6 69 2} 76.1] 69.9) 75.3) 72.5 : 
+40 | 71.7) 85.8) 73.0) 84,3) 78.9] 83.3] 74.5] 82.6 5.0} 82.0] 75.7] 81.3] 78.5 
-45 | 77.2] 91.5] 78.6] 90.1] 79.6] 89.1 80.2) 88.4} 80.7] 87.9] 81.4] 87.1] 84.3 q 
-50 | 82.8) 97.2) 84.3] 95.7] 85.2] 94.8) 85.9 94.1] 86.4! 93.6] 87.1] 92.9] 90.0 

-55 | 88.5/102.8] 89.9101 .4] 90.9]100.4 91.6] 99.8) 92.1] 99.3] 92.9] 98.6] 95.7 

60 | 94.2/108.3] 95.71107.0] 96.7 106.1] 97.4]105.5] 98.0/105.0| 98.7/104.3/101.5 
+65 |100. 8.9/101.7|112.7]102.7/111.9/108.4/111.2 108.9}110.8)104.7/110.1}107.5 
-70 |106. 9.7/108.0)118.5{109.0]117.8]109.71117.2]110.2 116,7/110.9]116.1]113.6) 
-45 |113.1/125.7/114 .6]124.6]115.6/123.9 116.3/123.4/116.7/128.0]117.4/122.4|120.0 ; 
-80 |120.4/182 /121.8]181.1/122°71130.4 123,.4/129.9/128.8]129.6]124.5]129.1/126.9 ‘ 
+85 |128.5/189 }129.8]138.11130.7/137.6 181.3/187.1/181.7/186.8]182.3/186.4]134.4 ; 
90 |188.1]146.9]189.2/146,2]139.9]145.7 140.4)145.4/140.8/145.1]141.8]144.8]143.1 ; 
«95 |150,4/156 .8)151.3)156.4/151.8]156.0/152.2 155.8)152.5]155.6]152.8]155.3/154.2 { 
696 |153.5/159.3/154.3/158.9/154.8/158.6 155.1)158,4]155.4/158.2)155.7/158.0}156.9 

97 1157 .1)162.1)157.8]161.8|158.21161.5 158.5/161.3/158.7/161.2/159.0]161 .0|160.1 
+98 |161.3/165.4]161 .9]165. 11162. 2/164.91162.5 164.8) 162.6]164.7/162.9]/164,51163, 7 q 
-99 |166.8/169.7/167.21169.5/167.4|169.4 167.6/169.3/167.7|169.2|167.9]169.1/168.5 ; 
1.00 180_ 1180 1180 [180 |180 |180 1180 |180 {180° |180\ {180 § 
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lative Motions of Cross-head and Crank,.—if Z = length 
onnecting-rod, & = length of crank, @ = angle of crank with centre line 
gine, D = displacement of cross-head from the beginning of its stroke, 


3 = RI — cos 6) + L— LZ? — R? sin? 6. 
Lap and Travel of Vaive. 


a = ie od Ee FD Sarai ea 5 
ee |S (28 (ste |s (58 (ES82 |S 188 
Be | 2 ss so |} |S6 220 |2 {eS 
BO 3 aS B=) 3 +5 BO 3 45 
i) a i* 38 ow’ i) 35 oOo“ «3 =) Sh 
238 a & Aig 3 =I & hos & oo 
me, | 2 |e5 Ise. [2 [fy fee, [2 Ba 
: a so 2 Q go 2 3° 
q qa ] a 
esa) a jes ess. 4 |es 488 6 8 jeg 
i) * us} ea A MS} ar.) 7 
24] ee [se E5189 22/22 [ote] se | 32 
3.9] 26 |2o 3,2) 23 | Sob. 2| Ss | eee 
dog, a ae doa > |] asd odes] S> 1] 38s 
“ees ee & oI & re 
4830 | 58.70 7.61 3.24 
4769 | 43.22 6.83 3.04 
4699 | 33.17 6.17 2.86 
-4619 26.27 5.60 2.70 
4582 | 21.34 5.11 2.55 
44385 | 17.70 4.69 2.42 
4330 14.93 4.32 2.30 
4217 12.77 4.00 2.19 
4096 11.06 8.72 2.09 
23967 Aes 3.46 2.00 
~5i 


ERIODS OF ADMISSION, OR CUT-OFF, FOR VARIOUS 
LAPS AND TRAVELS OF SLIDE-VALVES. $ 


The two following tables are from Clark on the Steam-engine. In the first 
le are given the periods of admission corespondine to travels of valve 
from 12 in. to 2 in., and laps of from 2 in. to 3 in., with 44 in. and }¢ in. of 
Jead. With greater leads than those tabulated, the steam would be cut off 
ier than as shown in the table. x 
The influence of a lead of 5/16 in. for travels of from 15¢in. to 6in., and 
of from 14 in. to 114 in., as calculated for in the second table, is exhibited 
mparison of the periods of admission in the table, for the same lap and 
avel. The greater lead shortens the period of admission, and increases the 
‘ange for expansive working. 


2 i iv 
"Perlods of Admission, or Points of Cut-off, for Given 
a Travels and Laps of Slide-valves. 


Periods of Admission, or Points of Cut-off, for the following 
Laps of Valves in inches. 


Lead. 
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‘Periods of Admission, or Points of Cut-off, for given 
Travels and Laps of Slide-valves. 


Constant lead, 5/16, 


Travel. 


es 


og rs 2°. 8g 
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Diagram for Port-opening, Cut-off, and Lap.—the diagram 
on the opposite page was published’ in Power, Aug., 1893. It shows at a 
glance the relations existing between the outside lap, steam port-opening, 
and cut-off in slide valve engines. 

In order to use the diagram to find the lap, having given the cut-off and 
maximum port-opening, follow the ordinate representing the latter, taken 
on the horizontal scale, until it meets the oblique line representing the given 
cut-off. Then read off this height on the vertical lap scale. Thus, with 
port-opening of 114 inch and a cut-off of .50, the intersection of the two line 
oceurs on the horizontal 8. The required lap is therefore 3 in. ; 

If the cut-off and lap are given. follow the horizontal representing th 
latter until it meets the oblique line representing the cut-off. Then verticall 
below this read the corresponding port-opening on the horizontal scale. 

If the lap and port-opening are given, the resulting cut-off may be ascer- 
tained by finding the point of intersection of the ordinate representing th 
port-opening with the horizontal representing the lap. The oblique ling 
passing through the point of intersection will give the cut-off. 

If it is desired to take lead into account, multiply the lead in inches by 
numbers in the following table corresponding to the cut-off, and deduct th 
result from the lap as obtained from the diagram: 


Multiplier. Cut-off. 


Multiplier. 
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Piston-valve.—The piston-valve is a modified form of the slide-vaiva 
The lap, lead, etc., are calculated in the same manner as for the common 
Blide-valve. ‘The diameter of valve and amount of port-opening are calcu- 
lated on the basis that the most contracted portion of the lege a era 0 
between the valve and the cylinder should have an area such that the 
velocity of steam through it will not exceed 6000 ft. per minute. The area 
of the opening around the circumference of the valve should be about double 
the area of the steam-passage, since that portion of the opening that is 
opposite from the steam-passage is of little effect, 

Setting the Valves of an Engine.—The principles discussed 
above are applicable not only to the designing of valves, but alsoto adjus+- 
ment of valves that have been improperly set; but the final adjustment of 
the eccentric and of the length of the rod depend upon theamount of lost 
motion, temperature, ete., and can be effected only after trial. After the 
valve has been set as accurately as possible when cold, the lead and lap for 
the forward and return strokes being equalized, indicator diagrams should 
be taken and the length of the eccentric-rod adjusted, if necessary, to cor 
rect slight irregularities. 

To Put an Engine on its Centre.—Place the engine in a posi- 
tion where the piston will have nearly completed its outward stroke, and 
SEDs some point on the cross-head, such as a corner, make a mark upon 
the guide. Against the rim of the pulley or crank-disk place a pointer and 
mark a line withit on thepulley. Then turn the engine over the centre until 
the cross-head is again in the same position on its inward stroke, This will 
bring thecrank as much below the centre as it was above it before, With the 
Pointer in the same position as before make a second mark on the pulley- 
rim. Divide the distance between the marks in two and mark the middle 

oint. Turn the engine until the pointer is opposite this middle point, and 
t will then be on its centre. To avoid the error that may arise from the 
looseness of crank-pin and wrist-pin bearings, the engine should be turned 
a little above the centre and then be brought up to it, so that the erank- pin 
ab press against the same brass that it does when the first two marks are 
made. 

Link-motion.—Link-motions, of which the Stephenson link is the 
most commonly used, are designed for two purposes: first, for reversing the 
motion of the engine, and second, for varying the point of cut-off by varying 
the travel of the valve. The Stephenson link-motion is a combination of 
two eccontrics, called forward and back eccentrics, with a link connecting 
the extremities of the eccentric-rods; so that by varying the position of 
the link the valve-rod may be put in direct connection with either eccentric, 
or may be given a movement controlled in part by one and in part by the 
other eccentric. When the link is moved by the reversing lever into a posi- 
tion such that the block to which the valve-rod is attached is at either end 
of the link, the valve receives its maximum travel, and when the link is in 
mid-gear the travel is the least and cut-off takes place early in the stroke. 

In the ordinary shifting-link with open rods, that is, not crossed, the lead 
of the valve increases as the link is moved from full to mid-gear, that is, as 
the Peeeg of steam admission is shortened. The variation of lead is equa- 
lized for the front and back strokes by curving the link to the radius of the 
eccentric-rods concavely to the axles. With crossed eccentric-rods the lead 
decreases as the link is moved from full to mid-gear, In a valve-motion 
with stationary link the lead is constant, (for illustration see Clark’s Steam- 
engine, vol, ii. p. 22.) 

The linear advance of each eccentric is equal to that of the valve in full 
gear, that is, to lap—-lead of the valve, when the eccentric-rods are attached 
to the link in such position as to cause the half-travel of the valve to equai 
the eccentricity of the eccentric. 

The angle between the two eccentric radii, that is, between lines drawn 
from the centre of the eccentric disks to the centre of the shaft equals 180° 
less twice the angular advance. 

Buel, in Appleton’s Cyclopedia of Mechanics, vol. ii. p. 316, discusses the 
Stephenson link as follows: “ The Stephenson link does not give a perfectly 
correct distribution of steam; the lead varies for different points of cut-off. 
The period of admission and the beginning of exhaust are not alike for both 
ends of the cylinder, and the forward motion varies from the backward. 

“‘ The correctness of the distribution of steam by Stephenson’s link-motion 
depends upon conditions which, as much as the circumstances will permit, 
ought to be fulfilled, namely: 1. The link should be curved in the arc of a 
circle whose radius is equal to the length of the eccentric-rod. 2, The 
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/eecentric-rods ought to be long; the longer they are in proportion to the 
eccentricity the more symmetrical will the travel of the valve be on both 
sides of the centre of motion. 3. The link ought to be short. Each of its 
fos describes a curve in a vertical plane, whose ordinates grow larger the 
farther the considered point is from the centre of the link; and as the hori- 
zontal motion only is transmitted to the valve, vertical oscillation will cause 
irregularities, 4. The link-hanger ought to be long. The longer it is the 
‘nearer will be the are in which the link swings to a straight line, and thus 
the less its vertical oscillation. If the link is suspended in its centre, the 
‘curves that are described by points equidistant on both sides from the centre 
/are not alike, and hence results the variation between the forward and back- 
‘ward gear. If the link is suspended at its lower end, its lower half will have 
less vertical oscillation and the upper half more. 5. The centre from which 
the link-hanger swings changes its position as the link is lowered or raised, 
and also causes irregularities. To reduce them to the smallest amount the 
arm of the lifting-shaft should be made as long as the eccentric-rod, and the 
centre of the lifting-shaft should be placed at the height corresponding to 
the central position of the centre on which the link-hanger swings.” 

_ All these conditions can never be fulfilled in practice, and the variations 
in the lead and the period of admission can be somewhat regulated in an 
artificial way, but for one gear only. This is accomplished by giving differ- 
ent lead to the two eccentrics, which difference will be smailer the longer the 
eccentric-rods are and the shorter the link, and by suspending the link not 
exactly on its centre line but at a certain distance from it, giving what is 
called “‘ the offset.” 

For application of the Zeuner diagram to link-motion, see Holmes on the 
‘Steam-engine, p, 290. See also Clark’s Railway Machinery (1855), Clark’s 
‘Steam-engine, Zeuner’s and Auchincloss’s Treatises on Slide-valve Gears, 
‘and Halsey’s Locomotive Link Motion. (See page 859a.) ¥ i 

The following rules are given by the American Machinist for laying out a 
link for an upright slide-valve engine. By the term radius of link is meant 
the radius of the link-are ab, Fig. 150, drawn through the centre of the slot; 


(B. if . 


i 


E 


Fie, 150. 


is dius i made equal to the distance from the centre of shaft 
i tel rn pin 2 when the latter stands midway of its travel. 
The distance between the centres of the eccentric-rod pins e; eg should not 
be less than 214 times, and, when space will permit, three times the throw of 
the eccentric. By the throw we mean twice the eccentricity of the eccentric. 
_ The slot link is generally suspended from the end next to the forward eccen- 


ic int in the link-are prolonged. This will give comparatively a 
pen of slip to the link-block when the link is in forward gear; but 
“this slip will be increased when the link is in backward gear. This increase 
- 
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of slip is, however, considered of little importance, because marine engines, 
as arule, work but very little in the backward gear. When it is necessary 
that the motion shall be as efficient in backward gear as in forward gear, 
then the link should be suspended from a point midway between the two 
ececentric-rod pins; in marine engine practice this point is generally located 
on the link-are; for equal cut-offs it is better to move the point of suspen- 
sion a small amount towards the eccentrics. 

For obtaining the dimensions of the link in inches: Let L denote the 
length of the valve, B the breadth, p the absolute steam-pressure per sq. 


in., and # a factor of computation used as bélow; then R= .01 WL XB Xp. 


Breadth of the link....... She = eG 
Thickness 7’ of the bar...... ae 
Length of sliding-block........ . = RX25 
Diameter of eccentric-rod pins ...... =(RX 20 
Diameter of suspension-rod pin.........ceeese0s08 (RX .6) 
Diameter of suspension-rod pin when overhung. (RX .8) 
Diameter of block-pin when overhung............ = R+% 
Diameter of block-pin when secured at both ends = (F x “.8)+%4 


The length of the link, thatis, the distance from a to b, measured on a 
straight line joining the ends of the link-arc in the slot, should besuch as to 
allow the centre of the link-block pin P to be placed in a line with the eccen- 
tric-rod pins, leaving sufficient room for the slip of the block. Another type 
of link frequently used in marine engines is the double-bar link, and this 
type is again divided into two classes: one class embraces those links which 
have the eccentric-rod ends as well as the valve-spindle end between the 
bars, as shown at B (with these links the travel of the valve is less than 
the throw of the eccentric); the other class embraces those links, shown at 
C, for which the eccentric-rods are made with fork-ends, so as to connect to 
studs on the outside of the bars, allowing the block to slide to the end of the 
link, so that the centres of the eccentric-rod ends and the block-pin are in 
line when in full gear, making the travel of the valve equal to the throw of 
the eccentric. The dimensions of these links when the distance between 
the eccentric-rod pins is 2}4 to 234 times the throw of eccentrics can be | 
found as follows: 


Depth Of DATS... . ese cecssccccsnssevssroceedeces. = (RX 1.25) +14" 
Thickness of bars....... .. Beamon coves -seseen (RX | (6) -14” 
Diameter of centre of sliding-block....... ...... = RX138 


When the distance between the eccentric-rod pins is equal to 8 or 4 times 
the throw of the eccentrics, then 


Depth of bars..... noensSecvercacsecncecseccecvaven == (RX 1.05) 54% 
Pulainess of basde 3 eareree se eis abieasssinas seancesatin= (tix i eB) yu 


All the other dimensions may be found by the first table. These are em- 
pirical rules, and the results may have to be slightly changed to suit given 
conditions. In marine engines the eceentric-rod ends for all classes of links 
have adjustable brasses. In locomotives the slot-link is usually employed, 
and in these the pin-holes have case-hardened bushes driven into the pin- 
holes, and have no adjustable brasses in the ends of the eccentric-rods. The 
link in B is generally suspended by one of the eccentric-rod pins; and the 
link in Cis suspended by one of the pins in the end of the link, or by one of 
oe pe ered pins. (See note on Locomotive Link Motion in Appendix, 
p. 3 

Other Forms of Valve-Gear, as the Joy, Marshall, Hackworth, 
Bremme, Waischaert, Corliss, eic., aré described in Clark’s Steam-engine, 
vol. ii. The design of the Reynolds-Corliss valve-gear is discussed by A, BH. 
Eldridge in Power, Sep. 1893. See also Henthorn on the Corliss engine. 
Rules for laying down the centre lines of the Joy valve-gear are given iu 
American Machinist, Nov. 13, 1890. For Joy’s *‘ Fluid-pressure Reversing- 
valve,” see Ling’g, May 25, 1894. 


GOVERNORS. 


Pendulum or Fly-ball Governor,.—The inclination of the arms 
of a revolving pendulum to a vertical axis is such that the height of the ' 
point of suspension h above the horizontal plane in which the centre of 
gravity of the balls revolve (assuming the weight of the rods to be small 


q 
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compared with the weight of the balls) ‘bears to the radius r of the circle 


_ described by the centres of the balls the ratio 


h e weight Ea OF 
r centrifugal force — we? ~ 4” 
gr 


which ratio is independent of the weight of the balls, v being the velocity 
of the centres of the balls in feet per second. 

f 7 = number of revolutions of the balls in 1 second, v = 2arT = ar, in 
which a = the angular velocity, or 277, and 


ORs dove’. 0.8146 9.705 . 
Py ot > ay or h= 7a feet = oe inches, os 
85190 


g being taken at 32.16. If VY = number of revs. per minute, h = Wi 


_ inches. 


For revolutions per minute. Sets mae 45 50 60 75 
The height in inches will be. «ee 21.99 17,38 14.08 9.775 6.256 


Number of turns per minute required to cause the arms to take a given 
angle with the vertical axis: Let / = length of the arm in inches from the 
centre of suspension to the centre of gyration, and a the required angle; 


then 
Nf fe se 8 ee aaene 
i cos a i cosa h 


The simple governor is not isochronous; that is, it does not revolve at a 
uniform speed in all positions, the speed changing as the angle of the arms 
changes. To remedy this defect loaded governors, such as Porter’s, are 
used. From the balls of a common governor whose collective weight is 4 
let there be hung by a pair of links of lengths equal to the pendulum arms 
a load B capable of sliding on the spindle, having its centre of gravity in 
the axis of rotation. Then the centrifugal force is that due to A alone, and 
the effect of gravity is that due to 4 + 2B; consequently the altitude for a 
given speed is increased in the ratio (A + 2B) : A, as compared with that of 
# simple revolving pendulum, and a given absolute variation in altitude pro- 
duces u smaller HS Saas variation in speed than in the common gover- 
nor. (Rankine, S, E., p. 551.) 

For the weighted governor let J = the length of the arm from the point of 
suspension to the centre of gravity of the ball, and let the length of the sus- 
pending-link, 7, = the length of the portion of the arm from the point of 
suspension of the arm to the point of attachment of the link; G = the weight 
of one ball, Q = half the weight of the sliding weight, h = the height of the 
governor from the point of snspension to the plane of revolution of the 
balls, a = the angular velocity = 277, 7’ being the number of revolutions per 


: _ 4 f/ 32.16 2, Q\. , _ 82.16 29) , 
second ; then eas i G47 “)i = a G+ 7 2) in feet, or 


=a +2 Q in inches, N being the number of revolutions per 


eG 

minute. 

For various forms of overnor see App. Cycl. Mech., vol. ii. 61, and Clark’s 
Steam-engine, vol. ii. p, 65. 4 

To Change the Speed of an Engine Having a Fly-ball 
Governor.—A slight difference in the speed of a governor changes the 
position of its weights from that required for fnll load to that required for 
no load, It is evident therefore that, whatever the speed of the engine, the 
normal speed of the governor must be that for which the governor was de- 
signed; i.e., the speed of the governor must be kept the same. To change the 
speed of the engine the problem is to so adjust the pulleys which drive the 
governor that the engine at its new speed shall drive it just as fast as it was 
driven at its original speed. In order to increase the engine-speed we must 
decrease the aalley upon the shaft of the engine, i.e., the driver, or increase 
that on the governor, i.e., the driven, in the proportion that the speed of the 


engine is to be increased. 


838 THE STEAM-ENGINE, 


Fly-wheet or Shaft Governers.—At the Centeunial Exhibition 
in 1876 there were shown a few steani-engines in which the governors were 
contained in the fly-wheel or band-wheel, the fly-balls or weights revolving 
around the shaft in a vertical plane with the wheel and shifting the eccen- 
tric so as automatically to vary the travel of the valve and the point of cut- 
off. This form of governor has since come into extensive use, especially for 
high-speed engines. In its usual form two weights are carried on arms the 
ends of which are pivoted to two points on the pulley near its cireum- 
ference, 180° apart. Links connect these arms to the eccentric. The 
eccentric is not rigidly keyed to the shaft but is free to move trans- 
versely across it for a certain distance, having an oblong hole which allows 
of this movement. Centrifugal force causes the weights to fly towards the 
circumference of the wheel and to pull the eccentric into a position of min- 
imum eccentricity. This force is resisted by a spring attached to each arm 
which tends to pull the weights towards the shaft and shift the eccentric to 
the position of maximum eccentricity. The travel of the valve is thus 
varied, so that it tends to cut off earlier in the stroke as the engine increases 
its speed. Many modifications of this general form are in use. For discus- 
sions of this form of governor see Hartnell, Proc. Inst. M. E., 1882, p. 408; 
Trans. A. 8. M. E., ix. 300; xi. 1081; xiv. 923 xv. 929 ; Modern Mechanism, 
p. 399; Whitham’s Constructive Steam Engineering; J. Begtrup, 4m. Mach., 
Oct. 19 and Dee. 14, 1893, Jan. 18 and March 1, 1894. 

Calculation of Springs for Shaftegovernors, (Wilson Ha-t- 
nell, Proce. Inst. M. E., Aug. 1882.)—The springs for shaft-governors may be 
conveniently calculated as follows, dimensions being in inches: 


Let W = weight of the balls or weights, in pounds; 

rv, and rg = the maximum and minimum radial distances of the centre 
cf the balls or of the centre of gravity of the weights; 

2, and 1, = the leverages, i.e., the perpendicular distances from the cen- 
tre of the weight-pin to a line in the direction of the centrifugal force. 
drawn through the centre of gravity of the weights or balls at radii 
7, and 73; . 

m, and mq = the corresponding leverages of the springs; 

C, and Cy = the centrifugal forces, for 100 revolutions per minute, at 
radii 7, and 7°93 

P, and P, = the corresponding pressures on the spring; 

(it is convenient to calculate these and note them down for reference.} 

@; and C, = maximum and minimum centrifugal forces; 

S = mean speed (revolutions per minute); 

8, and 8, = the maximum and minimum number of revolutions per 
minute; 

P, and P, = the pressures on the spring at the limiting number of revo. 
lutions (S; and Sq) 

P, - P; = D = the difference of the maximum and minimum pressures 
on the springs; 

V = the percentage of variation from the mean speed, or the sensitive- 


ness; 
¢ = the travel of the spring; 

= the initial extension of the spring; 
v = the stiffness in pounds per inch; 
w = the maximum extension = uw + tf, 


The mean speed and sensitiveness desired are supposed to begiven. Then 


8, = 9425; 8 =8— Sr, 

Cy = 0.28 X ry XW; Cy = 0.28% rq X W3 

P=Gx2; P= Ox 2; 

Rar, x(t); Poa Ce *; 
v=? ua), = 74, 


It is usual to give the spring-maker the values of P and of vorw. To 
ensure proper space being provided, the dimensions of the spring should be 
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- ealculated by the formule for strength and extension of springs, and the 
8 least length of the spring as compressed be determined. 


4 The governor-power = Pat Ps x 4 


With a straight centripetal line, the governor-power 


es C3 mec x @ ="), 


_ For a preliminary determination of the governor-power it may be taken 
as equal to this in all cases, although it is evident that with a curved cen- 
tripetal line it will be slightly less. The difference D must be constant for 
_ the same spring, however great or little its initial compression. Let the 
_ spring be screwed up until its minimum pressure is J’5. Then to find the 
_ speed Pg = Py + D, 


8,= 1004/28; 5, = 1004/2, 

7 1 P, 
D 

1004/5? 5. 


F = Suppose the pressure on the spring with a speed of 100 revolutions, at the 
‘Maximum and minimum radii, was 200 lbs. and 100 lbs., respectively, then 
4 the pressure of; the spring to suit a npslaviou from 95 to 105 revolutions will 
be 100 x (*) = 90.2 and 200 x (ee = 220.5, That is, the increase 
mt ogee from the minimum to the maximum radius must be 220 — 90 = 
bs. 
The extreme speeds due to such a spring, screwed up to different press- 
ures, are shown in the following table: 


_ Revolutions per minute, balls shut..........- «.-.-| 80} 90} 95] 100} 110] 120 
Pressure on springs, balls shut............ -| 64) 81} 90) 100} 121] 144 
Inerease of pressure when balls open full +] 130} 180; 130) 130; 180; 130 
_ Pressure on springs, balls open fully... -| 194] 211] 220) 280) 251) 274 
_ Revolutions per minute, balls open fully. -} 98) 102) 105) 107) 112) 117 
' Variation, per cent of mean speed ............... 1 6; 5) 8}. 1 


__ The speed at which the governor would become isochronous is 114. : 

Any spring will give the right variation at some speed: hence in experi- 
-Inenting with a governor the correct spring may be found from any wrong 
one by a very simple calculation. Thus, if a governor with a spring whose 
stiffness is 50 lbs. per inch acts best when the engine runs at 95, 90 being its 


2 
_ proper speed, then 50 x @) = 45 lbs. is the stiffness of spring required. 


To determine the speed at which the governor acts best, the springs may 
be screwed up until it begins to “ hunt ” and then slackened until the gov- 
ernor is as sensitive as is compatible with steadiness. 
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Whe Jet Condenser. (Chiefly abridged from Seaton’s Marine Engi- 
neering.)—The jet condenser is now uncommon in marine practice, being 
generally supplanted by the surface condenser. It is commonly used where 
‘esh water is available for boiler feed. With the jet condenser a vacuum of 24 
in. was considered fairly good, and 25 in, as much as was possible with most 
condensers; the temperature corresponding to24 in. vacuum, or 8]bs. pressure 
absolute, is 140°. In practice the temperature in the hot-well varies from 110° 
to 120°, and occasionally as much as 130° is maintained, To find the quantity 
of injection-water per pound of steam to be condensed: Let 7, = tempera-’ 
ture of steam at the exhaust pressure; 7) = temperature of the cooling- 
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water; T, = temperature of the water after condensation, or of the hot-well; 
Q = pounds of the cooling-water per lb. of steam condensed; then 


= Ue +08 — 1 
TAS, i 


Another formula is: Q= we ,in which W is the weight of steam con- 


densed, H the units of heat given up by 1 lb. of steam in condensing, and 
& the rise in temperature of the cooling-water. 

This is applicable both to jet and to surface condensers. The allowance made 
for the injection-water of engines working in the temperate zone is usually 
27 to 80 times the weight of steam, and for the kay ap 30 to 35 times; 30 
times is sufficient for ships which are occasionally in the tropics, and this is 
what was usual to allow for general traders. é 
¢ cog of injection orifice = weight of injection-water in lbs. per min. =- 650 

0 780. 

A rough rule sometimes used is: Allow one fifteenth of a square inch for 
every cubic foot of water condensed per hour. ss 

Another rule: Area of injection orifice = area of piston + 250. 

The volume of the jet condenser is from one fourth to one half of that of 
the cylinder. It need not be more than one third, except for very quick- 
running engines. 

Ejector Condensers.—For ejector or injector condensers (Bulkley’s, 
Schutte’s, etc.) the calculations for quantity of condensing-water is the same 
as for jet condensers. é 

The Surface Condenser—Cooling Surface.—Peclet found that 
with cooling- water of an initial temperature of 68° to 77°, one sq. ft. of copper 
plate condensed 21.5 Ibs. of steam per hour, while Joule states that 100 lbs. 
per hour can be condensed. In practice, with the compound engine, brass 
condenser-tubes, 18 B.W.G thick, 13 Ibs. of steam per sq. ft. per hour, with 
the cooling-water at an initial temperature of 60°, is considered very fair 
work when the terapatune of the feed-water is to be maintained at 120°. 
It has been found that the surface in the condenser may be half the heating 
surface of the boiler, and under some circumstances considerably less than 
this. In general practice the following holds good when the temperature of 
sea-water is about 60°: 


Terminal pres., Ibs.,abs.... 30 20 15 12% 10 8 6 
Sq.ft per dE PR ietavetcissep 3 2.50 2.25 2.00 1.80 1.60 1.50 


For ships whose station is in the tropics the allowance should be increased 
by 20%, and for ships which occasionally visit the tropics 10% increase will 
give satisfactory results. Ifa ship is constantly employed in cold climates 
10% less suffices. 

Whitham (Steam-engine Design, p. 283, also Trans. A. S. M. E., ix. 431) 


gives the following: S = —__——., in which S = condensing-surface in sq. 
ck(T, —t) 


ft.; 7, = temperature Fahr. of steam of the pressure indicated by the 
vacuum-gauge; ¢ = mean temperature of the circulating water, or the 
arithmetical mean of the initial and final temperatures; L = latent heat of 
saturated steam at temperature 7,; k = perfect conductivity of 1 sq. ft. of 
the metal used for the condensing-surface for a range of 1° F. (or 557 B.T.U, 
per hour for brass, according to Isherwood’s experiments); ¢ = fraction de- 
noting the efficiency of the condensing-surface; W = pounds of steam con- 
densed per hour. iron experiments by Loring and Emery, on U.S.S. Dallas, 


f A : aga 22) 
c is found to be 0,323, and ck = 180; making the equation S= 30, — 


Whitham recommends this formula for designing engines having indepen- 
dent circulating-pumps. When the Poa is worked by the main engine the 
value of S should be increased about 10%. 

Taking 7, at 135° F., and L = 1020, corresponding to 25 in. vacuum, and % 

1020W ww 


for summer temperatures at 75°, we have: S = 780086. 78) = 780° 


For a mathematical discussion of the efficiency of surface condensers see 
@ paper by T. E. Stanton in Proce. Inst. C. K., exxxvi, June 1899, p. 321. - 
Condenser Tubes are generally made of solid-drawn brass tubes, and 
tested both by hydraulic pressure and steam, They are usually made of a 
composition of 68% of best selected copper and 82% of best Silesian spelter. 


ze 
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The Admiralty, however, always specify the tubes to be made of 702 of best 
selected copper and to have 1 of tin in the composition, and test the tubes 
to a pressure of 300 lbs, per sq. in. (Seaton.) 

The diameter of the condenser tubes varies from 4 inch in small conden: 
sers, when they are very short, to 1 inch in very large condensers and long 
tubes. In the mercantile marine the tubes are, as a rule, $4 inch diameter 
externally, and 18 B.W.G. thick (0.049 inch); and 16 B.W.G. (0.065), under 
- some exceptional circumstances, In the British Navy the tubes are also, 

as a rule, yi inch diameter, and 18 to 19 B.W.G. thick, tinned on both sides; 
when the condenser is made of brass the.Admiralty do not require the tubes 
to be tinned. Some of the smaller engines have tubes 5¢ inch diameter, and 
19 B.W.G. thick. The smaller the tubes, the larger is the surface which 
can be got in a certain space. 

In the merchant service the almost universal practice is to circulate the 
water through the tubes. 

Whitham says the velocity of flow through the tubes should not be less 
than 400 nor more than 700 ft. per min. 

Tube=plates are usually made of brass. Rolled-brass tube-plates 
should be from 1.1 to 1.5 times the diameter of tubes in thickness, depending 
on the method of packing. When the packings go completely through the 
pees the latter, but when only partly through the former, is sufficient, 

ence, for 34-inch tubes the plates are usually % to 1inch thick with glands 
and tape-packings, and 1 to 114 inch thick with weoden ferrules. _ 

he tube-plates should be secured to their seatings by brass studs and 
nuts, or brass screw-bolts; in fact there must be no wrought iron of any 
kind inside a condenser. When the tube-plates are of large area it is advis- 
able to stay them by brass-rods, to prevent them from co Japsing. = 

Spacing of Tubes, ete.—The holes for ferrules, g ands, or india- 
rubber are usually 14 inch larger in diameter than the tubes; but when ab- 
solutely necessary the wood ferrules may be only 3/82 inch thick. 

-The pitch of tubes when packed with wood ferrules is usually 14 inch 
more than the diameter of the ferrule-hole. For example, the tubes are 
generally arranged zigzag, and the number which may he fitted into a 
square foot of plate is as follows: 


Pitch of | No,ina Pitch of No. ina Pitch of No. ina 


Tubes. sq. ft. Tubes. sq. ft. Tubes. sq. ft. 
2 hae! 172 15/32” 128 my" 110 
41/16" 150 13/16" 121 19/82” 106 
144” 137 1 7/32” 116 15/16’? 99 


uantity of Cooling Water.—The quantity depends chiefly upon 
its initial temperature, which in Atlantic practice may vary from 40° in the 
winter of temperate zone to 80° in subtropical seas. To raise the tempera- 
ture to 100° in the condenser will require three times as many thermal units 
in the former case as in the latter, and therefore only one third as much 
cooling- water will be required in the former case as in the latter. 


7, = temperature of steam entering the condenser; 

Fe * circulating-water entering the condenser3 
T= “ “ “ ‘¢ _Jeaving the condenser; 
To = « *« water condensed from the steams 


'Q = pounds of circulating water per lb. of steam condensed 
A _ 1114+ 0.37; — Ta 
iM T2-To 


ovide pumping power sufficient to supply 40 times the 
bates iene ae a paar and as much as 50 times for ships sta- 
- tioned in subtropical seas, when the engines are compound, Tf the cireulat- 
irg-pump is double-acting, its capacity may be 1/53 in the former and 1/42 
in the latter case of the capacity of the low-pressure cylinder. 

Air-pump.—Theair-pump in all condensers abstracts the water con- 
densed and the air originally contained in the water when it entered the 
boiler. In the case of jet-condensers it also pumps out the water, of con- 
densation and the air which it contained. The size of the pumpis calcula’ 
from these conditions, making allowance for efficiency of the pump. 
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Ordinary sea-water contains, mechanically mixed with it, 1/20 of its vol- 
ume of air when under the atmospheric pressure. Suppose the pressure in 
the condenser to be 2 Ibs. and the atmospheric pressure 15 Ibs., neglecting 
the effect of temperature, the air on entering the condenser will be expanded 
to 15/2 times its original volume; so that a cubic foot of sea-water, when it 
has entered the condenser, is represented by 19/20 of a cubic foot of water 
and 15/40 of a cubic foot of air, . 

Let q be the volume of water condensed per minute, and Q the volume of 
sea-water required to condense it; and let T, be the temperature of the 
condenser, and 7, that of the sea-water. 

Then 19/20 (q-+-Q) will be the volume of water to be pumped from the 
condenser per minute, 


15 T. 4- 461° ; 
and 79+ 2x Tr, +4615 the quantity of air. 

If the temperature of the condenser be taken at 120°, and that of sea- 
water at 60°, the quantity of air will then be -418(g + Q), so that the total 
volume to be abstracted will be 


-95(9 + Q) + .418(9 +- Q) = 1.368(¢ + Q). 


If the average quantity of injection-water be taken at 26 times that con- 
densed, g + Q will equal 2’q. Therefoze, volume to be pumped from the 
condenser per minute = 87q, nearly. 

In surface condensation allowance must be made for the water occasion- 
ally admitted to the boilers to make u: for waste, and the air contained in 
it, also for slight leak in the joints and glands, so that the air-pump is made 
about half as large as for jet-condensation, 

The efficiency of a sing e-acting air-pump is’ generally taken at 0.5, and 
that of a double-acting pump at 0.35, hen the temperatur of the sea is 
60°, and that of the (jet) condenser is 120°, 2 being the volume of the cooling 
water and q the volume of the condensed water in cubic feet, and » the 
number of strokes per minute, 


The volume of the single-acting pump = ar(2t2), 


The volume of the double-acting pump = 4(2t2 = g ). 


The following table gives the ratio of capacity of cylinder or cylinders te 
that of the air-pump; in the case of the compound engine, the low-pressure 
cylinder capacity only is taken, 


Description of Pump, Description of Engine, 
rea (pee ES a aes Aree) 


Single-acting vertical,..... Jet-condensing, e: ansion 11, to2.... 
oie dhe w .1[ Surface XP ae Beto 


bie Oe TSG ss “ to5.... 
ba “«  @....] Surface * « 8 tod.... 
ie be Se ae Surface “ compound............ 
Double-acting horizontal..| Jet sae expansion 114 to 2... 
bs “*  e-| Surface ** 134 to 2.... 
saa See alee % “ 8 tob.... 
be - e-| Surface * Ge 3 tobe 
ee --| Surface “ compound............ 


The Area through Valve-seats and Unk the valves should not be 
less than will admit the full quantity of water for condensation at a velocity 
not exceeding 400 ft. per minute. In practice the area is generally in 
excess of this, 


Area through foot-valves = D? x S-+- 1000 square inches, 
Area through head-yalves = D2 X S-+ 800 square inches, 
Diameter of discharge-pipe = D x 1/8 + 35 inches, 

D= diam, of air-pump in inches, S$ = its speed in ft, per min, 


dames Tribe (4m. Mach., Oct. 8, 1891) gives the following rule for air. 


7 
i 
: 
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pumps used with jet-condensers: Volume of single-acting afr-pump driven 
ty main engine = volume of low-pressure cylinder in cubic feet, multiplied 
by 3.5 and divided by the number of cubic feet contained in one pound of 
exhaust-steam of the given density. For a double-acting air-pump the 
same rule will apply, but the volume of steam for each stroke of the pump 
will be but one half. Should the pump be driven independently of the 
engine, then the relative speed must be considered. Volume of jet-con- 
}enser = volume of air-pump X 4. Area of injection-valve = vol: of aire 
ip in cubic inches + 520, 
_ Circulating-pump,.—Let Q be the quantity of cooling water in cubic 
‘eét, m the number of strokes per minute, and S the length of stroke in feet. 


Capacity of circulating-pump = Q + 2 cubic feet. 
Diameter “ sag 0 Deas 13854/, Bi inches, 
nxs 


The following table gives the ratio of capacity of steam-cylinder or cylim 
eters to that of the circulating-pump 3 a y bid 


Description of Pump. Description of Engine. Ratio, 


Single-acting. ansive 114 to 2 times. 18 to 16 

ne! 6 i Expal va to 5 “ 20 to 25 

bd sin Compound. 25 to 30 
Double “* |: s Expansive 1 to 2 times, 25 to 30 

3s “« 38 to5B 86 to 46 

i i % Compound. 46 to 56 


The crear area through the valve-seats and'past the valves should be such 
that the mean velocity of flow does not exceed 450 feet per minute. The 
flow through the pipes should not exceed 500 ft. per min. in small pipes and 
600 in large pipes. 

For Centrifugal Circulating-pumps, the velocity of flow in the inlet and 
outlet pipes should not exceed 400 ft. per min, The diameter of the fan-wheel 
is from 244 to 8 times the diam. of the pipe, and the speed at its periphery 
450 to 500 ft. per min. If W = quantity of water per minute, in American 
gallons, d = diameter of pipes in inches, & = revolutions of wheel per min., 
1700 


d= isa? diam. of fan-wheel = not less than z: Breadth of blade at 
. tip= mua Diam. of cylinder for driving the fan = about2.8 4/diam. of pipe, 


and its stroke = 0.28 < diam. of fan. ‘ , 
Feed=pumps for Marine Engines.—With surface-condensin 
engines the amount of water to be fed by the pump is the amount condens 
from the main engine plus what may be needed to supply auxiliary engines 
and to supply leakage and waste. Since an accident may happen to the 
surface-condenser, requiring the use of jet-condensatioi, the pumps of 
engines fitted with surface-condensers must be sufficiently large to do duty] 
ander such circumstances. With jet-condensejs and boilers using salt water 
the dense salt water in the boiler must be blown off at intervals to keep the 
density so low that deposits of salt will not be formed. Sea-water contains 
about 1/32 of its weight of solid matter in solution. The boiler of a surface- 
congensing engine may be worked with safety when the quantity of salt is 
four times that in sea-water. If Q = net quantity of feed-water required in 
@ given time to make up for what is used as steam, » = number of times the 
saltness of the water in the boileris to that of sea-water, then the gross feed- 


water = a iw 52: In order to be capable of filling the boiler rapidly each 

~ ade of a capacity equal to twice the gross feed-water. Two 
Peed tinhe should be eoppliod: so that one may be kept in reserve to be 
used while the other is out of repair. If Q be the quantity of net feed-water 
in cubic feet, @the length of stroke of feed-pump in feet, and # the num- 


ber of strokes per minute, 
Diameter of each feed-pump plunger in inches = f 28 
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If W be the net feed-water in pounds, 


Diameter of each feed-pump plunger in inches = | /2o 2 4 


An Evaporative Surface Condenser built at the oe ah 
cultural College is described by James H. Fitts(Trans, A.§. M. E., xiv. 690). 
It consists of two rectangular end-chambers connected by a series of hori- 
zontal rows of tubes, each row of tubes immersed in a pan of water. 
Through the spaces between the surface of the water in each pan and the 
bottom of the pan above air is drawn by means of an exhaust-fan. At the 
top of one of the end-chambers is an inlet for steam, and a horizontal dia- 
phragm about midway causes the steam to traverse the upper half of the 
tubes and back through the lower. An outlet at the bottom leads to the air- 
pump. The condenser, exclusive of connection to the exhaust-fan, occupies 
a floor space of 5’ 446” x 1’ 934”, and 4 114" high. There are 27 rows of 
tubes, 8 in some and 7 in others; 210 tubes in all. The tubes are of brass, 
No. 20 B.W.G., 34’ external diameter and 4’ 914” in length. The cooling sur- 
face (internal) is 176.5 sq. ft. There are 27 cooling S grees each 4’ 916” x 1/ 934”, 
and 17/16’ deep. These pans have galvanized iron bottoms which slide 
into horizontal grooves 14” wide and 14” deep, planed into the tube-sheets. 
The total evaporating surface is 284.8 sq. ft. ater is fed to every third pan 
through small cocks, and ever ow Pipes feed the rest. A wood casing con- - 
nects one side with a 30/’ Buffalo Forge Co.’s disk-wheel. This wheel is 
belted toa 8” x 4” vertical engine. The air-pump is 534” diameter with a 
6” stroke, is vertical and single-acting. 

The action of this condenser is as follows: The passage of air over the 
water surfaces removes the vapor as it rises and thus hastens evaporation, 
The heat necessary to produce evaporation is obtained from the steam in the 
tubes, causing the steam to condense. It was designed to condense 800 Ibs, 
steam per hour and give a vacuum of 22 in., with a terminal pressure in the 
cylinder of 20 lbs. absolute. 

Results of tests show that the cooling-water required is practically equal in 
amount to the steam used by the engine. And since consumption of steam 
is reduced by the application of a condenser, its use will actually reduce the 
total quantity of water required. From a curve showing the rate of evapora- 
tion per square foot of surface in still air, and also one showing the rate 
when a current of air of about 2300 ft. per min. velocity is passed over its 
surface, the following approximate figures are taken: 


Evaporation, lbs. per Evaporation, lbs. per 


Temp, sq. ft. per hour. Temp, sq. ft. per hour. 
BF, ‘ TSS PS Pr ee 
Still Air, Current, Still Air, Current. 
100° 0.2 1.1 0.8 Be 
110 0.25 1.6 1.1 6.7 
120 0.4 2.5 1.5 9.5 
130 0.6 3.5 2.0 Pes 


The Continuous Use of Condensing-water is described in 
series of articles in Power, Aug.—Dec., 1892. It finds its application in situa- 
tions where waterfor ondensing purposes is expensive or difficult to obtain. 

San Francisco J. .H. Stut cools the water after it has left the hot- 
well by means of a system of pans upon the roof. These pans are shallow 
troughs of galvanized iron arranged in tiers, on a slight incline, so that the 
water flows back and forth for 1500 ar 2000 ft., cooling by evaporation and 
radiation as it flows. The pons are about 5 ft. in width, and the water as it 
flows has a depth of about half an inch, the temperature being reduced from 
about 140° to 90°. The water from the hot-well is pumped up to the highest 
point of the cooling system and allowed to flow as above described, discharg- 
ing finally into the main tank or reservoir, whence it again flows to the con- 
denser as required. As the water in the reservoir lowers from ev anerayign, an 
auxiliary feed from the city mains to tLe condenser is operated, thereby 
keeping the amount of water in circulation practically constant. An accu- 
mulation of oil from the engines, with dust from the surrounding streets, 
makes a cleaning necessary about once in six weeks or two months. It is 
found bv comparative trials, running condensing and non-condensing, that 
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about 50% less water is taken from the city mains when the whole apparatus 
is in use than when the engine is run non-condensing. 22 to 23 in, of vacuum 
are maintained. A better vacuum is obtained on a warm day with a brisk 
breeze blowing than on a cold day with but a slight movement of the air. 

In another plant the water from the hot-well is sprayed from a number of 
fountains, and also from a pipe extending around its border, into a large 
pond: the exposure cooling it sufficiently for the obtaining of a good vacuum 

its continuous use. 

In the system patented by Messrs. See, of Lille, France, the water is dis- 
charged from a pipe laid inthe form of a rectangle and elevated above a 
pond through a series of special nozzles, by which it is projected into a fine 
spray. On coming into contact with the air in this state of extreme divi- 
sion the water is cooled 40° to 50°, with a loss by evaporation of only one 
tenth of its mass, and produces an excellent vacuum. A 3000-H-P. cooler 
upon this system has been erected at Lannoy, one of 2500 H.P. at Madrid, and 
one of 1200 H.P. at Liege, as well as others at Roubaix and Tourcoing. The 
system could be used upon a roof if ground space were limited, 

In the ‘‘ self-cooling” system of H. R, Worthington the injection-water is 
taken from a tank, and after haying passed through the condenser is dis- 
char, in a heated condition to the top of a cooling tower, where it is scat- 
tered by means of distributing-pipes and trickles down through a cellular 
structure made of 6-in. terra-cotta pipes, 2 ft. long, stood on end. The 
water is cooled by a blast of air furnished by a disk fan at the bottom of the 
tower and the absorption of heat caused by a portion of the water being 
vaporized, and is led to the tank to be again started on its circuit, (Hng’g 
News, March 5, 1896.) 

the evaporative condenser of T. Ledward & Co. of Brockley, London, 
the water trickles over the pipes of the large condenser or radiator, and by 
evaporation carries away the heat necessary to be abstracted to condense 
the steam inside. The condensing pipes are fitted with corrugations 
mounted with circular ribs, whereby the radiating or cooling surface is 
largely increased. The pipes, which are cast in sections about 76 in. long by 
' 8% in, bore, have a cooling surface of 26 sq. ft., which is found sufficient 
qinder favorable conditions to permit of the condensation of 20 to 30 lbs. 
of steam per hour when producing a vacuum of 13 Ibs. per sq. in, Ina 
condenser of this type at Rixdorf, near Berlin, a vacuum ranging from 24 
+o 26 in. of mercury was constantly maintained during the hottest weather 
of August. The initial temperature of the cooling-water used in the appara- 
4us under notice ranged from 80° to 85° F’., and the temperature in the sun, 
to which the condenser was exposed, varied each day from 100° to 115° ¥, 
During the experiments it was found that it was possible to run one engine 
under a Joad of 100 horse-power and maintain the full vacuum without the 
use Of any cooling-water at all on the pipes, radiation afforded by the pipes 
alone sufficing to condense the steam for this power. 

In Klein’s condensing water-cooler, the hot water coming from the con- 
denser enters at the top of a wooden structure about twenty feet in height, 
and is conveyed into a series of parallel narrow metal tanks. The water 
overtiowing from these tanks is spread asa thin film over a series of wooden 
partitions suspended vertically about 314 inches apart within the tower. 
The upper set of partitions, corresponding to the number of metal tanks, 
reaches half-way down the tower, From there down to the well is sus- 

nded a second set of partitions placed at right angles to the first set. This 
impedes the rapidity of the downflow of the water; and also thoroughly 
mixes the water, thus affording a better cooling. A fan-blower at the base of 
the tower drives a strong current of air with a velocity of about twenty feet 
er second against the thin film of water running down over the partitions. 
tis estimated that for an effectual cooling two thousand times more air 
than water must be forced through the apparatus, With such a velocity 
the air absorbs about two per cent of aqueous vapor. The action of the 
strong air-current is twofold: first, it absorbs heat from the hot water by 
being itself warmed by radiation; and, secondly, it increases the evapora- 
tion, which process absorbs a great amount of heat. These two cooling 
effects are different during the different seasons of the year, During the 
winter months the direct cooling effect of the cold air is greater, while 
during summer the heat absorption by evaporation is the more important 
factor. Taking all the year round, the effect remains very much the same. 
The evaporation is never so great that the deficiency of water would not 
be supplied by the additional amount of water resniting from the condensed 
steam, while in very cold winter months it may be necessary to occasionally 
rid the cistern of surplus water, It was found that the vacuum obtained by 


846 THE STEAM-ENGINE, 


the fact that only the five-hundredth part of the floor-space is required as 
if cooling tanks or Ponds were used. For a 100-horse-power engine the 


inches in diameter and a tower 6 by 7 feet and 20 feet high, 10,500 gallons of 
lowing record 
was made at Mannheim, Germany: Vacuum in condenser, 28.1 inches; tem- 


Loan aariia of water leaving the cooler, 66.2° to 71.6° F. The engine was 

oO 

necessary for the arrangement amounts to about three per cent of the total 

horse-power of the bet fet for the ventilator, and from one and one half to 

three yer cent for the lifting of the water to the top of the cooler, the total 
our and one half to six pe cent. 


thus aid it in abstracting the heat from the steam. With 85 per cent 
vacuum the temperature of the cooling water was about 130° F., anda 
consumption of water for condensing is guaranteed to be less than a pound 
for each pound of steam condensed. For an engine 40 in. X 50 in., 70 revo- 
lutions per minute, 90 lbs. pressure, there is about 1150 sq. ft. of condensing- 
surface. Another condenser, 1600 Sq. ft. of condensing-surface, is used for 
three engines, 32 in. x 48 in., 27 in. X 40 in., and 30 in. X 40 in., respectively, 
—The Steamship. 

The Increase of Power that may be obtained by adding a condenser 
giving a vacuum of 26 inches of mercury to a non-condensing engine may be 
approximated by considering it to be equivalent to a net gain of 12 pounds 
mean effective pressure per square inch of piston area, If A = area o: piston 


: 3 A 1248 
in square inches, S= piston-speed in ft. per minute, then 33,000 = 2750 = HP. 


made available by the vacuum. If the vacuum = 13.2 Ibs. per sq. in. = 27.9 
in. of mercury, then H.P. = AS + 2500. 

The saving of steam for a given horse-power will be represented approxi- 
mately by the shortening of the cut-off when the engine is run with the 
condenser. Clearance should be included in the calculation. To the mean 
effective pressure non-condensing, with a given actual cut-off, clearance 
considered, add 3 Ibs, to obtain the Sper umale mean total pressure, con- 
densing. From tables of expansion o: steam find what actual cut-off will 
give this mean total pressure. The difference between this and the original 
actual cut-off, divided by the latter and by 100, will give the percentage of 
saving, 

The following diagram (from catalogue of H. R. Worthington) shows the 
percentage of power that may be gained by attaching a condenser to a non- 
4 condensing engine, assuming that the vacuum is 12 lbs. per sq, in. The dia- 
gram also shows the mean pressure in the cylinder for a eve initial pres- 
sure and cut-off, clearance and compression not considere: 

The pressures given in the diagram are absolute pressures above a vacuum. 

To find the mean effective pressure produced in an engine-cylinder with 90 
Ibs. gauge ( = 105 lbs. absolute) PFOeSLye, cut-off at 14 stroke: find 105 in the 
left-hand or initial-pressure co umn, follow the horizontal line to the right 
until it intersects the oblique line that corresponds to the 144 cut-off, and read 
the mean total pressure from the row of figures directly above the point of 
intersection, which in this case is 631bs. From this subtract the mean abso. 
lute back pressure (say 3 lbs. for a condensing engine and 15 lbs. for a non- 
condensing engine exhausting into the atmosphere) to obtain the mean ef- 
fective pressure, which in this case, for a non-condensing engine, gives 48 
Ibs. To find the gain of poner by the use of a condenser with this engine, 
read on the lower scale the res that correspond in position to 48 lbs, in 
the upper row, in this case 25 *- As the diagram does not take into consid 
eration clearance or compression, the results are only approximate, 
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four conditions necessary to realize the best results from the elastic force 
of gas: (1) The cylinders should have the greatest capacity with the smallest 
circumferential surface; (2) the speed should be as high as possible; (3) the 
cut-off should be as early as possible; (4) the initial pressure should be as 
high as possible. In modern engines it is customary for ignition to take 

lace, not at the dead point, as proposed by Beau de Rochas, but somewhat 
ater, when the piston has already made part of its forward stroke. At first 
sight it might be supposed that this would entail a loss of power, but experi- 
ence shows that though the area of the diagram is diminished, the power 
registered by the friction-brake is greater. Starting is also made easier by 
this method of working. (The Simplex Engine, Proc. Inst. M. E. eee 

In the Otto engine the mixture of gas and air is compressed to about 3 
atmospheres. When explosion takes place the temperature suddenly rises 
to somewhere about 2900° F. (Robinson.) 

The two great sources of waste in gas-engines are: 1. The high tempera- 
ture of the rejected products of combustion; 2. Loss of heat through the 
cylinder walls to the water-jacket, As the. temperature of the water-jacket 
is increased the efficiency of the engine becomes higher. 

With ordinary coal-gas the esate ion may be taken at 20 cu. ft. per 
hour per I.H.P., or 24 cu. ft. per brake H.P. The consumption will vary with 
the quality of the gas. When burning Dowson prodiucer-gas the consump- 
tion of anthracite (Welsh) coal is about 1.8 lbs. per 1.H.P. per hour for 
ordinary working. With large twin engines, 100 H.P., the consumption is 
reduced to about 1.1lb. The mechanical efficiency or B.H.P. + 1.H.P. in 
ordinary engines is about 85%; the friction loss is less in larger engines. 
meee of the Gas-engime, (Thurston on Heat asa Form of 

nergy. 


Heat transferred into useful work.......... hone aie 17% 
s t to the jacket-water................ 52 
‘° Jost in the exhaust-gas,............. Seay nce 16° 
“ “by conduction and radiation............2. 15 88g 


This represents fairly the distribution of heat in the best forms of gas- 
engine. The consumption of gas in the best engines ranges from a mini- 
mum of 18 to 20 cu. ft. per I.H.P. per hour to a maximum exceeding in the 
smaller engines 25 cu. ft. or 80cu. ft. In small engines the consumption per 
brake horse-power is one third greater than these figures. 

The report of a test of a 170-H.P. Crossley (Otto) gas-engine in England, 
1892, using producer-gas, shows a consumption of but .85 lb. of coal per H.P. 
hour, or an absolute combined efficiency of 21.3% for the engine and pro- 
ducer. The efficiency of the engine alone is in the neighborhood of 25%. 

The Taylor Gicrodacer is used in connection with the Otto gas-engine 
at the Otto Gas-engine Works in Philadelphia. The only loss is due to 
radiation through the walls of the producer and a small amount of heat 
carried off in the water from the scrubber. Experiments on a 100-H.P. 
engine show a consumption of 97/100 lb. of carbon per 1.H.P. per hour. This 
result is superior to any ever obtained on a steam-engine. (Iron Age, 1893.) 

Tests of the Simplex Gas-engime. (Proc. Inst. M. E. 1889.)— 
Cylinder 7% X 1534 in., speed 160 revs. per min. Trials were made with town 
gas of a heating value of 607 heat-units per cubic foot, and with Dowson 

- gas, rich in CO, of about 150 heat-units per cubic foot. 


Town Gas. Dowson Gas. 
tN eer nny era (Ea eee 
als 2, 3. 16 2. 3. 
Effective H.P........ 6.70 8.67 9.28 (Gey 3.61 5.26 


Gas per H.P. per hour, cu. ft.. 21.55 20.12 20.78 88.08 114.85 97.88 
Water per H.P. per hour, Ibs. 54.7 44.4 43.8 58.3 
Temp. water entering, F..... Erie Aaa 3 Go rae 48° 

“ Ko effluent ........ 0% 185° «144° = -1'72¢ 144° 


The gas volume is reduced to 82° F. and 30 in barometer. A 50-H.P, engine 
working 35 to 40 effective H.P. with Dowson generator consumed 51 ibs. 
English anthracite per hour, equal to 1.48 to 1.3 lbs. per effective H.P, A 16- 
H.P. engine working 12 H.P. used 19.4 cu. ft. of gas per effective H.P. 

A 320-H.P. Gas-engine.—The flour-mills of M. Leblanc, at Pantin, 
France, have been pip rided with a 820-horse-power fuel-gas engine of the 
Simplex type. With coal-gas the machine gives 450 horse-power. There is 
one cylinder, 84,8in, diam, ; the piston-stroke is 40 in.; and the speed 100 revs. 
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‘ er min, Special arrangements have been devised in order to keep the 
ifferent parts of the machine at appropriate temperatures. 


_ is 0.812 lb. per indicated or 1.03 lb, per brake horse-power. 


~~ Se ee eee 


a 


is 834 gallons per brake horse-power per hour, 
West of an Otto Gas-engime, (Jour. F. I, Feb. 1890, p. 115.)—En- 
_ gine 7'H.P. nominal; working capacity of cylinder .2594 cu. ft.; clearance 
_ space .1796 cu. ft. 


Temperature of gas supplied... 


2 
exhaust... 774. 


hes “ entering water 
Ree “© exit water.... 
Pressure of gas, in. of water.. 
Revolution per min,, ay’ge.... 
Explosions missed per min., 
jyisi ete ake 
Mean effective pressure, Ibs. 
GEER CRT eis nine wcences 
Horse-power, indicated..... ue 
Work per explosion, foot- 
POUNGS . 2.50... eres seeee 2 
Explosions per minute......« 
Gas per I.H.P. per hour, cu. ft. 


74. 
23.4 


Heat-units. 
Transferred into work......... 22.94 
Taken by jacket-water........ 49.94 

v2 Cxhaust......csececse. Qive 


The coal used 
The water used 


Per cent. 


Composition of the gas: 
By Volume.’ By Weight. 


99.96 


99.995 


Test of the Clerk Gas-emgime. (Proc. Inst. C. E. 1882, vol, Lxix.)— 
Cylinder 6 X 12 in., 150 revs. per min.; mean available pressure, 70.1 lbs., 9 
I.H.P.; maximum pressure, 220 lbs. per sq. in, above atmosphere; pressure 
before ignition, 41 Ibs, above atm.; temperature before compression, 60° F., 
after compression, 313° F.; temperature after ignition calculated from pres- 
sure, 2800° F.; gas required per I.H.P. per hour, 22 cu. ft. 

More Recent Tests of gas-engines, 1898, have given higher economical re- 
sults than those above quoted. The gas-consumption (city gas) has been as 
low as 15 eu. ft. per I.H.P. per hour, and the efficiency as high as 27% of the 
heating value of the gas, he principal improvement in practice has been 
4he use of much higher compression of the working charge. 

Combustion of the Gas in the Otto Engine.— 
discussion of Mr. Clerk’s paper on Theory of the Gas-engine, says: The 
change which Mr. Otto introduced, and which rendered the engine a success. 
was that, instead of burning in the cylinder an explosive mixture of gas an 
air, he burned it in company with, and arranged in a certain way in respect 
of, a large volume of incombustible gas which was heated by it, and which 
diminished the speed of combustion, 
sion, says: In the Otto engine the charge varied from a charge which was 
an explosive mixture at the point of ignition to a charge which was merely 
an inert fluid near the piston. When ignition took place there was _n explo- 
sion close to the point of ignition that was gradually communicated through- 
As the ignition got farther away from the 
primary point of ignition the rate of transmission became slower, and if the 
engine were not worked too fast the ignition should gradually catch up te 
the piston during its travel, all the combustible gas being thus consumed. 
This theory of slow combustion is, however, disputed by Mr. Clerk, who 
holds that the whole quantity of combustible gas is ignited in an instant. 

Wemperatures and Pressures developed in a Gas-engine, 
(Clerk on the Gas-engine,)—Mixtures of air and Oldham coal-gas, 
eture before explosion, 17° C. 


out the mass of the cylinder. 


Mixture. Max. Press 


oo above Atmos., 
Gas. Air, lbs. per sq. in. 
lyol. 14 vols, 40. 

pane Bh Pe 51.5 

? abe 72° 60, 

Phe fh Pad 61. 
zt 1 apes %8. 
gions ipa 87. 
DB oF 90. 

a Mobee Sasa 91. 
er 4% 80. 

Uv 


John Imray, in ' 


W. R. Bousfield, in the same discus- 


‘Temper- 
Temp, of Explo- Theoretical 
sion calculated Temp. of Explo- 
trom observed sion if all Heat 
Pressure. were evolved, 
806° C, 1786° C. 

1033 1912 

1202 2058 

1220 2228 

1557 2670 

1733 3334 

1792 3808 

1812 is 

1595 R 


se of Carburetted Air in Gas-engines.—Air 


passed over 
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gasoline or volatile petroleum spirit of low Sp. gr., 0.65 to 0.70, liberates 
some of the gasoline, and the air thus saturated with vapor is equal in heat- 
ing or lighting power to ordinary coal-gas, It may therefore be used as a 
fuel for gas-engines. Since the vapor is given off at ordinary temperatures 
gasoline is very explosive and dangerous, and should be kept in an under- 
ground tank out of doors. A defect in the use of carburetted air for gas- 
engines is that the more volatile products are given off first, leaving an oily 
residue which is often useless. Some of the substances in the oil that are 
taken up by the air are apt to form troublesome deposits and incrustations 
when burned in the engine cylinder. 

The Otto Gaso mne-engine. (Hng’g News, May 4, 1893.)—It is 
claimed that where but a small gasoline-engine is used and the gasoline 
bought at retail the liquid fuel will be on a par with a steam-engine using 6 
lbs. of coal per horse-power per hour, and coal at $3.50 per ton, and will 

. besides save all the handling of the solid fuel and ashes, as well as the at- 
tendance for the boilers, As very few small steam-engines consume less 
than 6 Ibs. of coal per hour, this is an exceptional showing for economy. At 
8 cts. per gallon for gasoline and 1 /10 gal. required per H.P. per hour, the 
cost per H.P. per hour will be 0.8 cent. ¢. 

Gasoline-engines are coming into extensive use (1898). In these engines 
the gasoline is pumped from an underground tank, located at some distance 
outside the engine-room, and led through carefully soldered pipes to the 
working cylinder. In the combustion-chamber the gasoline is sprayed into 
a current of air, by which it is vaporized. The mixture is then compressed. 
and ignited by an electric spark. At no time does the gasoline come in con+ 
tact with the air outside of the engine, nor is there any flame or burning 
gases outside of the cylinder. 
~Naphtha-engimes are in use to some extent in small yachts and 
launches, The naphtha is vaporized in a boiler, and the vapor is used ex- 
pansively in the engine-cylinder, as steam is used; it is then condensed and 
returned to the boiler. A portion of the naphtha vapor is used for fuel un- 
der the boiler. According to the circular of the builders, the Gas Engine 
and Power Co. of New York, a 2-H.P. engine requires from 3 to 4 quarts of 
naphtha per hour, and a 4-H.P. engine from 4 to6 quarts. The chief advan- | 
tages of the naphtha-engine and boiler for launches are the saving of weight 
and the quickness of operation. A 2-H.P. engine weighs 200 lbs., a 4-H.P. 300 
Ibs. It takes only about two minutes to get under headway. (Modern 
Mechanism, p. 270.) 

Mot-air (or Caloric) Engimnes.—Hot-air engines are used to some 
extent, but their bulk is enormous compared with their effective power. For 
an account of the largest hot-air engine ever built (a total failure) see 
Church’s Life of Ericsson. For theoretical investigaton, see Rankine’s 
Steam-engine and Rontgen’s Thermodynamics. For description of con- 
structions, see Appleton’s Cyc. of Mechanics and Modern Mechanism, and 
Babcock on Substitutes for Steam, Trans. A. S. M. E., vii., p. 698. 

Test of a Hot-air Engine (Robinson),—A vertical double-eylinder 
(Caloric Engine oe 12 nominal H.P. engine gave 20.19 I.H.P. in the work- 
ing cylinder and 11.38 I.H.P. in the pump, leaving 8.81 net I.H.P.; while the 
effective brake H.P. was 5.9, giving a mechanical efficiency of 67%. Con- 
sumption of coke, 3.7 lbs. per brake H.P. per hour. Mean pressure on 
pistons 15,37 lbs. per square inch, and in pumps 15.9 lbs., the area of working 
cylinders being twice that of the Pee The hot air supplied was about 
1160° F. and that rejected at end of stroke about 890° FB. 

The Priestman Petroleum-engine. (Jour. Frank. Inst., Feb. 
1893.)—The following is a description of the operation of the engine: Any 
ordinary high-test (usually 150° test) oil is forced under air-pressure to an 
atomizer, where the oil is met by a current of air and broken up into atoms 
and sprayed into a mixer, where it is mixed with the proper proportion of 
supplementary air and sufficiently heated by the exhaust from the cylinder 
passing around this chamber. The mixture is then drawn by suction into 
the cylinder, where it is compressed by the piston and ignited by an electric 
Spark, a governor controlling the supply of oil and air proportionately to 
ihe work performed. The burnt products are discharged through an ex- 

haust-valve which is actuated by a cam. Part of the air supports the com- 

bustion of the oil, and the heat generated by the combustion of the oil 
expands the air that remains and the products resulting from theexplosion, _ 

and thus develops its power from air that it takes in while Tunning. In , 

other words, the engine exerts its power by inhaling air, heating that air, 
and expelling the products of combustion when done with. In the largest 
engines only the 1/250 part of a pint of oil is used at any one time, and in 
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smaliest sizes the fuel is prepared in correct quantities varying from 

_ 1/7000 of a pint upward, according to whether the Breas is running on light 
oo: The cycle of operations is the same as that of the Otto Zaz 

Trials of a 5-H.P. Priestman Petroleum-engine. (Prof. 

= C. Unwin, Proc. Inst. C. E. 1892.}—Cylinder, 814 x i2in., making normally 
200 revs. per min. Two oils were used. Russian and American. 

‘ "Important results were given in the following table: 


{ 
i ; * 
Poy. & bos sa ab Trial IL Trial IIL 
Pils marion Pome key Power. Light. 
Day- Russo- Russo- ; Russo- 
light. —, aa lene. lene. _ 
7.722 6.75 6.882 262.) ee 
9.369 7408 8.332 4.70 | 0.889 ; 
0.824 0.91 0.876 0.709 vee 4 
pete less 0.842 0.956 0.988 pe: Gl Bot 
Cie c 0.694 0.864 0.816 1.063 5.734 
ome of air per ib. of oil..} 33.4 31.7 2 21.7 10.1 
ean explosion pressure, 
Ibs. _ SS, aS 151.4 134.3 128.5 48.5 9.6 
35.0 27.6 26.0 14.8 6.0 
eee e = 35.4 23.7 25.5 15.6 saanaedae 


aie fee ees the fal consumption with that of a steam-engine, 1 Ib. of 

_ oil might be taken as equivalent to 1% lbs. of coal. Then the consum a 
in the oil-engine was equivalent, in Trials1, IV., and V., to 1.42lbs., 1.48 lbs, 
and 1.26 Ibs. of coal per brake horse-power. per hour. “From Trial IV. the 
. following values of the expenditure of heat were obtained: 


Per cent. 
Useful work at brake... .....--2-.2-0sencsensse-eeeevences--> 13.31 
Engine friction. ....-....-.. 22+ -+-+0-++>+- spantiwiaiaps ic dik anibghepliios oak ee 


Heat shown or eactienboe Peers ooo aie ns aap edesitse metatale SE eierelget eam 


_ Rejected in jacket-water_- 58 
aiiaties gad unaccounted for. Sn ebaNwee saxnenae 9.61 
PEt ah a s'onweCasccacnecscbasee Sonteeee ee ee 
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oe - ‘Resistance of Trains.—Resisiance due to seas on a straight level 

__ and tables for the resistance of trains at different speeds on — 

_ track have been given by different writers. Among these are the seen 
By George R. Henderson (Proc. Engrs. Club of Phila., 1886): 


‘Ss R= 0.01Xi + c* + 60), 
in which R = resistance in Ibs. per ton of 2240 Ibs. and v = speed in miles per 
_ hoor. 


5 0 5 2 Ss 
Sioa 4 48-58 Vi 86 102 129-148, 1680193004 


Speed, miles be are 5 8 7 9 9 10 
Speed miles per hoe ga WMA BS bt BD 


852 LOCOMOTIVES. 


Engineering News, March 8, 1894 : 

esistance in Ibs. per ton of 2000 lbs. = 14u + 4. 
Speed ...... 5 10 15 20 25 30 85 40 45 50 60 70 80 90 100 
Resistance.. 344 4.5 534 7 814 9.5 1034 12 13814 14.5 17 19.5 22 24.5 27 


By Baldwin Locomotive Works : 
Resistance in lbs. per ton of 2000 Ibs. = 3 + v + 6. 


Speed.,..... 5 10 15 20 25 80 35 40 45 50 55 60 70 80 90 100 
Resistance.. 3.8 4.7 5.5 6.3 7.2 8 8.8 9.7 10.5 11.3 12.2 13 14.7 16.3 18 19.7 


The resistance due to speed varies with the condition of the track, the 
number of cars in a train, and other conditions. 

For tables showing that the resistance varies with the area exposed to the 
resistance and friction of the air per ton of loads, see Dashiell, Trans. A. § 
M, E., vol. xiii. p. 371. 

P. H, Dudley (Bulletin International Ry. Congress, 1900, p. 1734) shows 
that the condition of the track is an important factor of train resistance 
which has not hitherto been taken account of. The resistance of heavy 
trains on the N. Y. Central R. R. at 20 miles an hour is only about 334 Ibs. per 
ton on smooth 80-lb. 54%-in. rails. The resistance of an 80-ear freight train, 
60,000 lbs. per car, as given by indicator cards, at speeds between 15 and 25 
miles per hour is represented by the formula R = 1+ 14V, in which R = re- 
sistance in lbs. per ton and V = miles per hour. 

Resistanve due to Grade.—The resistance due to a grade of 1 ft. per mile 


is, per ton of 2000 Ibs., 2000 ois = 0.3788 lb. per ton, or if Rg = resistance 
5280 


in Ibs. per ton due to grade and G = ft. per mile, Ry = 0.3788G. 

If the grade is expressed as a percentage of the length, the resistance is 20 
Ibs per ton for each per cent of grade, 

Resistance due to Curves.—Mr. Henderson gives the resistance due to 
curvature as 0.5 Ib. per ton of 2000 Ibs. per degree of the curve. (For defini- 
tion of degrees of a railroad curve see p. 53.) 

If c is the number of degrees, Re the resistance in Ibs. per ton, = 0.5¢. The 
Baldwin Locomotive Works take the approximate resistance due to each 
degree of curvature as that due to a straight grade of 136 ft. per mile. This 
corresponds to Re = 0.5682c. ; 

Resistance due to Acceleration.—This may be calculated by means of the 
ordinary formule for acceleration, as follows: 


Let V, = velocity in ft. per seconé at the beginning of a mile run, 
= velocity at the end of the mile. 
"Vs — V;) = average velocity during the mile, 
= 5280 + 14(V_ — V,) = time in seconds required to run the mile, 
w = weight of the train in lbs. W = weight in tons. 
f = resistance in lbs. due to acceleration = = SA rock) 
5D ava ae 
= Bp x Sines = 005882 W(V_, — V,)?. 


S = increase of speed in miles per hour ; (V, — V;)2 = 8? (22/15)?, 
_ Ra = resistance in Tos. per ton = .01265S%,” i : 

Total Resistance.—The total resistance in Ibs. per ton of 2000 lbs. due to 
speed, to grade, to curves, and to acceleration is the sum of the resistances 
talculated above. Taking the Baldwin Locomotive Works’ rules for speed 
wad curvature, we have 


Ri= é au =) + 0.87884 + 0.5682c + .0126582, 


in which Rt is the resistance in Ibs. per ton of 2000 Ibs., » = speed in miles per. 
hour, G = grade in ft. per mile, c = degrees of curvature, S = rate of in- 
crease of speed in miles per hour in a run of one mile, 

Resistance due to Frictiom.—In the above formula no account 
has been taken of the resistance to the friction of the working parts of the 
engine, nor to the friction of the engine and tender on curves due to the 
rigid wheel bases, No satisfactory formula ean be given for these resist- 
ances. Mr, Henderson takes them as being proportional to the tractive 
power, so that, if the total tractive power be P, the effective tractive is uP, « 

> 
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and the ‘esistance (1 — u)P, the valu 
about 0.4. 
The Baldwin Locomotive Works in 


ie of the coefficient w being probably 
their “Locomotive Data” take the 


total resistance on a straight level track at slow speeds at from 6 to 10 Ibs. 
er ton, and in a communication printed in the fourth edition (1898) of this 
ocket-book, p. 1076, say > ‘“We know that in Some cases, for instance in 
mine construction, the frictional resistance has been shown to be as much as 
60 lbs. per ton at slow pee: The resistance should ve approximated to 


suit the conditions of eac 
to speed added thereto,” 


individual case, and the increased resistance due 


Holmes on the Steam-engine, p. 142, says: “The frictional resistance 
to uniform motion of the whole train, including the engine and tender, is 
usually expressed by giving the direct pull in pounds necessary in order to / 

a 


propel each ton’s weight of the train 


ong a level line at slow speed. The | 


pull varies with the condition of the line, the state of the surface of the rails, 
the state of the rolling Stock, and the speed. If Mbe the speed in miles per 
hour, and 7 the weight of the train in tons [2240 lbs,] exclusive of engine 
and tender, the resistance to uniform motion may be expressed by the 


formula 


R = [6 + 0.3(M — 10)7}. 
Tf 7, be the weight of the engine and tender, the corresponding resistance is 
R, = (12 + 0.3(M@ — 10)7)], 


which expression includes the friction 


of the mechanism of the engine, 


Holmes also says that a strong side wind by pressing the tires of the 
wheels against the rails may inerease the frictional resistance of the train by 


as much as 20 per cent. 


dihesiom.—The limit of the hauling 


_ the load on the driving wheels in ordinary dry weather, but only 0.07 in 
damp weather or when the rails are greasy. In American practice it is gener- 
ally taken as from 1/4 to 1/5 of the load on the drivers. The hauling capacity 
at slow speed on a track of different grades may be calculated by the fol- 


Let = tons of 2000 Ibs., locomotive and train, per 1000 Ibs, load on 
drivers, a = the reciprocal of the coefficient of adhesion, g = the per cent 


of grade, R = the frictional resistance in lbs, per ton. Then 7'= 


1000 + @ 
R+ 209° 


From this formula the following table has been calculated : 


Grade Per Cent, 0 0.5 1 1.5 


Tons Hauling Capacity per 
Fora=4,R=6.. 42 15.6 9.2 6.9 
= 5, F se eo Ll 452. §.8 

@= 6, R=10, 20 10. 6.7 5. 


2) 9) 2:BANSeerBrd.  4s< 95) 7. BctaaRe 


1000 lbs. Weight on Drivers, 


5.4 4.5 3.8 8.3 2.9 2.4 2.0 hey 
4.2 84 29 2.6 23 1.9 1.6 1.4 
45 penpenene 2.5) -2-0) TBs 18 


. 


Tractive Power of a Locomotive,—Single Expansion, 


Let P = tractive power in lbs. 


pb = average effective pressure in cylinder in Ibs, per sq. in, 


S = stroke of piston in inches. 
d = diameter of cylinders in ine 
D = diameter of driving-wheels 


hes, 


in inches. Then 
p= 4n@@ps _ Gps 
~ 4D ae 


The average effective pressure can be obtained from an indicator-dia- 


gram, or by calculation, when the init 


ial pressure and ratio of expansion are 


known, together with the other properties of the valve-motion, The sub 


joined table from *‘‘ Auchincloss” gi 


ves the proportion of mean effective 


pressure to boiler-pressure above atmosphere for various proportions of 


cut-off, 


ts 
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5 2 (M.E.P. M.E.P. 

Stroke F Stroke B Stroke. r 

s (Boiler- Y Boiler- i y (Boiler- 

Cut off at— pres. = 1). Cut of at— pres. = 1). Cut off at— pres, = 1). 

val 15 888=16| 5=% 625 = 56 79 
125=1% 22 375 = | 55 -666 = % .82 
15 24 4 aye nif i «85 
«175 28 45 -62 yee A .89 
2 32 SoA .67 5 -93 
oe =Yy a 55 we 875 = % 98 
ci 4 


These values were deduced from experiments with an English locomotive 
by Mr. Gooch. As diagrams vary so much from different causes, this table 
will only fairly represent practical cases. It is evident that-the cut-off must 
be such that the boiler will be capable of supplying sufficient steam at the 
given speed. 

Compound Locomotives._The Baldwin Locomotive Works give the fol- 
lowing formulse for compound engines of the Vauclain four-cylinder type: 

_ OS x %P , cS x YP 

NS D + D 

T = tractive power in lbs. 

C= diam. of high-pressure cylinder in ins. 

c= oe ob low st oe oe 

P= boiler-pressure in Ibs. 

S = stroke of piston in ins. 

D = diam. of driving-wheels in ins, 
For a two-cylinder or cross-compound engine it is only necessary to con- 
sider the high-pressure cylinder, allowing a sufficient decrease in boiler 
pressure to compensate for the necessary back-pressure. The formula is 


_ CS x %P 
T= 


Efficiency of the Mechanism of a Locomotive.—frank ©. 
Wagner (Proc, A. A. A. S., 1900, p. 140) gives an account of some dynamom- 
eter tests which indicate that in ordinary freight service the power used 
to drive the locomotive and tender and to overcome the friction of the mech- 
anism is from 10% to 35% of the total power developed in the steam-cylinder. 
In one test the weight of the locomotive and tender was 16% of the total 
weight of the train, while the power consumed in the locomotive and tender 
was from 30% to 33% of the indicated horse-power. 

The Size of Locomotive Cylinders is usually taken to be such 
that the engine will just overcome the adhesion of its wheels to the rails 
under favorable circumstances. 

The adhesion is taken by a committee of the Am. Ry. Master Mechanics’ 
Assn. as 0.25 of the weight on the drivers for passenger engines, 0.24 for 
freight, and 0.22 for ayitehing engines ; and the mean effective pressure in 
the cylinder, when exerting the maximum tractive force, is taken at 0.85 of 
the boiler-pressure. 

Let W = weight on drivers in lbs.; P = tractive force in Ibs., = say 0.25W3; 
Pp, = boiler-pressure in lbs. per sq. in.; 7 = mean effective pressure, = 0.85p3 3 
d= diam. of cylinder, S=length of stroke, and D=diam. of driving- 
wheels, allin inches, Then 


W=4P- 4d2p8 _}4aa x 0.85p,S 


D D . 

DW DW 

Whence d=05 ata | V” Pas, firme ees 
Vv ps v DiS 


Von Borries’s rule for the diameter of the low-pressure cylinder of a com= 


iveisd2— 22 
pound locomotive is d' ph’ 
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_ where d = diameter of 1.p. cylinder in inches; 


D= diameter of driving-wheel in inches; 

p=mean effective pressure per sq. in., after deducting internal 
machine friction; 

h = stroke of piston in inches; 

Z = tractive force required, usually 0.14 to 0.16 of the adhesion. 


The value of » depends on the relative volume of the two eylinders, and 
from indicator experiments may be taken as follows: © 
A Ratio of Cylinder pin percentage for Boiler-press 
Class of Engine. Volumes. of PONGR Ereksane: ee of 176 lbs. 
Large-tendereng’s 1:2o0r1:2.05 42 4 
Tank-engines...... 1: 2ort:2.2 40 W 


Hiorse-power of a Locomotive.—lor each cylinder the horse- 
power is H.P. = pLaN + 33,000, in which p = mean effective pressure, L 
= stroke in feet, « = area of cylinder = 47d?, N = number of single strokes 
per minute, LN = piston speed, ft. permin. Let M = speed of train in miles 
per hour, S = length of stroke in inches, and D = diameter of driving-wheel 
in inches. Then LN = M x 88 x 28D. Whence for the two cylinders 
the horse-power is 


2x p x nd? x 16S x M _ pdsM 
=D x 33,000 ~ 375D ~ 
The Size of Locomotive Beilers. (Forney’s Catechism of the 


Locomotive.)—They should be proportioned to the amount of adhesive 
weight and to the speed at which the locomotive is intended to work. Thus 


_ a locomotive with a great deal of weight on the driving-wheels could pull a 


heavier load, would have a greater cylinder capacity than one with little 
adhesive weight, would consume more steam, and therefore should have a 
larger boiler. 

The weight and dimensions of locomotive boilers are in nearly all caseg 
determined by the limits of weight and space to which they are necessarily 
confined. It may be stated generally that within these limits a locomotive 
boiler cannot be made too large. In other words, boilers for locomotives 
should always be made as large as is possible under the conditions that de- 
termine the weight and dimensions of the locomotives. (See also Holmes on 
the Steam-engine, pp. 371 to 377 and 383 to 389, and the Report ofthe Am. Ry. 
M. M. Assn. for 1897, Bp. 218 to 232.) 5 : 

Holmes gives the following from English practice : 

Evaporation, 9 to 12 Ibs. of water from and at 212°. 

Ordinary rate of combustion, 65 lbs. per sq. ft. of grate per hour. 
Ratio of grate to heating surface, 1 : 60 to 90. 

Heating surface per 1b. of coal burnt per hour, 0.9 to 1.5 sq. ft. 

Qualities Essential for a Free-steaming Locomotive. 
(From a paper by A. E. Mitchell, read before the N. Y. Railroad Club ; 
Eng’g News, Jan. 24, 1891.)—Square feet of boiler-heating surface for bitu- 
minous coal should not he less than 4 times the square of the diameter in 
inches of a cylinder 1 inch larger than the cylinder to be used. One tenth 
of this should be in the fire-box. On anthracite locomotives more heating- 
surface is required in the fire-box, on account of the larger grate-area 
required, but the heating-surface of the flues should not be materially 
decreased. 

Wootten’s Locomotive. (Clark's Steam-engine ; see also Jour. 
Frank. Inst. 1891, and Modern Mechanism, p. 485.)—J. H. Wootten designed 
and constructed a locomotive boiler for the combustion of anthracite and 
lignite, though specially for the utilization as fuel of the waste produced in 
the mining and preparation of anthracite, The special feature of the engine 
is the fire-box, which is made of great length and breadth, extending clear 
over the wheels, giving a grate-area of from 64 to 85 sq. ft. The draught 
diffused over these large areas is so gentle as not to lift the fine pa=ticles of 
the fuel. A number of express-engines having this t, of-boiler are engaged 
on the fast trains between Philadelphia aud J ersey City. The fire-box shell 
is 8 ft. 8 in. wide and 10 ft, 5 in. long ; the fire-box is 8x91 ft., making 76 sq. ° 
ft. of grate-area. The grate is composed of bars and water-tubes alternately, 
he regular types of cast-iron shaking grates are also used. The height of 
the fire-box is only 2 ft.5in. above the grate. The grate is terminated by. 
a bridge of fire-brick, beyond which a combustion-chamber, 27 in. long, 
leads to the flue-tubes, about 184 in number, 134 in. diam. The eylinders are 
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21 in. diam., with a stroke of 22inches. The driving-wheels, four-coupled, 
are5ft. Sin. diam. The engine weighs 44 tons, of which 29 tons are on driv- 
ing wheels. The heating-surface of the fire-box is 185 sq. ft., that of the 
flue-tubes is 982 sq. ft.; together, 1117 sq. ft., or 14,7 times the grate-area, 
Hauling 15 passenger-cars, weighing with passengers 360 tons, at an average 
speed of 42 miles per hour, over ruling gradients of 1 in 89, the engine con- 
sumes 62 lbs. of fuel per mile, or 34% Ibs. per sq. ft. of grate per hour. 

Grate-surface, Smokesstacks, and Exhaust-nozzles for 
Locomotives. (Am. Mach., Jan. 8, 1891.)—For grate-surface for anthra- 
cite coal: Multiply the displacement in cubic feet of one piston during a 
stroke by 8.5; the product will be the area of the grate in square feet. 

For bituminous coal: Multiply the displacement in feet of one piston 
during a stroke by 614; the product will be the grate-area in square feet for 
engines with cylinders 12 in. in diameter and upwards. For engines with 
smaller cylinders the ratio of grate-area to piston-displacement should be 744 
to 1, or even more, if the design of the engine will admit this proportion. 

The grate-areas in the following table have been found by the foregoing 
rules, and agree very closely with the average practice : 

Smoke-stacks.—The internal area of the smallest cross-section of the stack 
should be 1/17 of the area of the grate in soft-coal-burning engines. 

A. E. Mitchell, Supt. of Motive Power of the N. Y. L. B. & W. R. R., says 
that recent practice varies from this rule. Some roads use the same size of 
stack, 13% in. diam. at throat, for all engines up to 20 in. diam. of cylinder, 

The area of the orifices in the exhaust-nozzles depends on the quantity and 
quality of the coal burnt, size of cylinder, construction of stack, and the 
condition of the outer atmosphere. It is therefore impossible to give rules 
for computing the exact diameter of the orifices. All that can be done is to 
es arule by which an Approximate diameter can be found, The exact 

iameter can only be found by trial. Our experience leads us to believe that 
the area of each orifice in a double exhaust-nozzle should be equal to 1/400 
Fre of the grate-surface, and for single nozzles 1/200 of the grate-surface. 

‘hese ratios have been used in finding the diameters of the nozzles given in 
the fonnemng. table. The same sizes are often used for either hard or soft 
coal-burners. 


Double Single 
2 Grate-area | Grate-area 4 Nozzles. Nozzles. 
Size of | for Anthra-| for Bitumin-] Diameter 
Cylinders, | cite Coal, in | ous Coal, in | Of Stacks, 


in inches. sq. in. sq, in. in inches, | Diam. of | Diam. of 


Orifices, in |Orifices, in 


inches. inches. 
12 x 20 1591 1217 9: 2 2 13/16 
13 X 20 1873 1432 10 21g 3 
14 « 20 2179 1666 114 2 5/16 314 
15 X 22 2742 2097 1244 2 9/16 3 11/16 
16 x 24 3415 2611 14 2% 4 1/16 
17 K 24 3856 2948 15 3 1/16 4 5/16 
18 x 24 42321 3804 1534 34 456 
19 x 24 4810 8678 16: 8 7/16 4 13/16 
20 X 24 5337 4081 1% 354 5 1/16 


Exhaust-nozzles 12 Locomotive Boilers,—A committee of 
the Am. Ry. Master Mechanics’ Assn. in 1890 reported that they had, after 
two years of experiment and research, come to the conclusion that. owing 
to the great diversity in the relative proportions of cylinders and boilers, 
together with the difference in the quality of fuel, any rule which does not 
recognize each and all of these factors would be worthless. 

The committee was unable to devise any plan to determine the size of the 
exhaust-nozzle in proportion to any other part of the engine or boiler, and 
believes that the best practice is for each user of locomotives to adopt a 
nozzle that will make steam freely and fill the other desired conditions, best 
determined by an intelligent use of the indicator and a check on the fuel 
account. The conditions desirable are : That it must create draught enough 
on the fire to make steam, and at the same time impose the least possible 
amount of work on the pistons in the shape of back pressure. It should be 
Jarge enough to produce a nearly uniform blast without lifting or tearing © 


’ 
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the fire, and be economical in its use of fuel. The Annual Report of the As- 
sociation for 1896 contains interesting data on this subject, 

Wire-brick Arches in Locomotive Fire-boxes.—A com- 
mittee of the Am, Ry. Master Mechanics’ Assn, in 1890 reported strongly in 
favor of the use of brick arches in locomotive fire-boxes, They say: It is 
the unanimous opinion of all who use bituminous coal and brick arch, that 
it is most efficient in consuming the various gases composing black smoke, 
and by impeding and delaying their passage through the tubes, and ming- 
ling and publeshiog them to the heat of the furnace, greatly lessens the 
volume ejected, and intensifies combustion, and does not in the least check 
but rather augments drau; ht, with the consequent saving of fuel and in- 
creased steaming capacity that might be expected from such results. This 
in particular when used in connection with extension front. 

Size, Weight, Tractive Power, etc., of Different Sizes of 
Locomotives. (J. G. A. Meyer. Modern Locomotive Construction, Am. 
Mach., Aug. 8, 1885.)—The tractive power should not be more or less than 
the adhesion. [n column 3 of each table the adhesion is given, and since the 
adhesion and tractive power are expressed by the same number of pounds, 
these figures are obtained by finding the tractive power of each engine, for 
this purpose always using the small diameter of driving-wheels given in 
column 2, The weight on drivers is shown in column 4, which is obtained by 
multiplying the adhesion by 5 for all classes of engines. Column 5 gives the 
weights on the trucks, and these are based upon observations. Thus, the 
weight on the truck for an eight-wheeled engine is about one half of that 
placed on the drivers, ; 

For Mogul engines we multiply the total weight tn drivers by the decimal 
.2, and the product wil] be the weight on the truck. f 

For ten-wheeled engines the total weight on the drivers, multiplied by the 
decimal .32, will be equal to the weight on the truck, 

And lastly, for consolidation engines, the total weight on drivers multi- 
plied by the decimal .16, will determine the weight on the truck. j 

In column 6 the total weight of each engine is given, which is obtained by_ 
adding the weight on the drivers to the weight on the truck, Dividing the 


EIGHT-WHEELED LocomotivsEs. TuN-WHEELED ENGINES. 
alle a a 
& fu a y =] 
; One FS]. a ony 
ie Blow ess fs e 8 | wu | Se lpss 
| & | 8 ees PE |e b | 91 BS leas 
2314 a1] e] ; (883 ie 14 a | p| Se 188s 
Aga A | BS lee tea a =) BH] so |ae7, 
be 9 ; | 8 | a | & |Ssase S a] 8 18133 S323 
Qn) g ° CS) Oo |) ee 1 Stee . Oo | o a= 
Ai cay wes 2 3 » |Metsa 
zei(22/2/3| 3 | 5 essel23]2| 3/4 | 3/53 \esee 
s2/22|e 28 | 3 | £ Bsa ee| ge} a] 2) 2/33 aen8 
OF }a*| a3 | E | BE | &-jeott oe] ae] S| & |e] SF lee 
1 2 & 4 6 6 z 1 2 & 4 5 6 @ 
in in, | Ibs. | lbs. | Ibs. } Ibs. in, in, | lbs.| Ibs. | Ibs. | Ibs. 
10X20) 45-51) 4000) 20000} 10000) 30000}. 533 fj12x18) 39-43] 5981) 29907] 9570] 39477] 797 
11x22) 45-51] 5324) 26620 13310] 39930/ 709 f13x18] 41-45] 6677| 33387110683] 44070] 390 
12X22) 48-54] 5940 29700/ 14850) 44550] 792 1420) 43-47) 8205] 410231131271 54150! 1003 
13x22) 49-57} 6828] 34140] 17070] 51210} 910 15x22] 45-50) 9900 49500/15840| 653401 1320 
14x24 55-61) 7697) 38485] 19242] 57727) 1026 16x24) 48-54/11520| 57600/18482| 76032 1536 
15x24) 5d-66] 8836 44180/ 22090] 66270] 1178 fl17x24| 51-56/12240) 61200|19584| 80784| 1632 
16X24 58-66] 9533) 47665] 23832] 71497| 1271 {18x 24| 51-56 13722| 68611/21955| 90506| 1829 
17X24) 60-66] 10404 52020] 26010] 78030) 1387 ff19x24| 54-60\14440| 72200/23104| 96304) 1925 
18x24] 61-66] 11472' 57360] 28680] 86040| 1529 ; 
ee ti 
Moaut EnGInes. CoNnSOLIDATION ENGINES. 
in. | in. | Ibs. | Ibs. | Ibs. | Ibs, in. | in. | Ibs.| Ibs. | Ibs.} Ibs. 
11X16) 35-40) 4978) 24891/ 4978) 29869] 663. idx 16) 36-38) 7840] 39200) 6272] 45472] 1045 
12X18] 36-41] 6480) 32400] 6480] 38880} 864 15x18} 36-88/10125] 50625] 8100 58725| 1850 
18X18/ 37-42] 7399) 36997! 7399) 44396) 986 20x 24] 48-50/18000] 90000/14400|104400| 2400 
14x20) 39-43] 9046) 45230} 9046) 54276] 1206 fee x24] '60-62|20909| 104544|16727|121271| 2787 


1622) 42-47) 10607) 53035) 10607) 63642) 1414 
16X24) 45-51) 12288) 61440} 12288) 73738] 1688 
17X24) 49-54| 12739) 63697) 12739) 76436) 1698 
18X24) 51-56! 13722| 68611) 13722) 82333) 1829 


19x 24) 54-60] 14440| 72200] 14440] 86640] 1925 
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adhesion given in column 3 by 74 gives the tons of 2000 Ibs. that the engine 
is capable of hauling on a straight and level track, column 7. at slow speea- 

The weight of engines given in these tables will be found to agree gen- 
erally with the actual weights of locomotives recently built, although it 
inust not be expected that these weights will agree in every case with the 
actual weights, because the different builders do not build the engines alike. 

The actual weight on trucks for eight-wheeled or ten-wheeled engines will 
not differ much from those given in the tables, because these weights depend 
greatly on the difference between the total and rigid wheel-base, and these 
are not often changed by the different builders. The proportion between 
the rigid and total wheel-base is generally the same. 

The rule for finding the tractive power is: 


{ Square of dia. of { Mean effect. steam { stroke 
piston in inches press. per sq. in. in feet 


Diameter of wheel in feet. 


Leading American Types of Locomotive for Freight and 
Passenger Service. 

1. The eight-wheel or “ American” passenger type, having four coupled 
driving-wheels and a four-wheeled truck in front. ‘ 

2. The *‘ten-wheel” type, for mixed traffic, having six coupled drivers and 
a leading four-wheel truck. 

3. The “Mogul” freight type, having six coupled driving-wheels and a 
pony or two-wheel truck in front. 

4, The “Consolidation” type, for heavy freight service, having eight 
coupled driving-wheels and a pony truck in front. . 

Besides these there is a great variety of types for special conditions of 
service, as four-wheel and six-wheel switching-engines, without trucks; the 
Forney type used on elevated railroads, with tour coupled wheels under the 
engine and a four-wheeled rear truck carrying the water-tank and fuel; 
locomotives for local and suburban service with four coupled driving-wheels, 
with a two-wheel truck front and rear, or a two-wheel truck front and a 
four-wheel truck rear, ete. ‘‘Decapod”’ engines for heavy freight service 
have ten coupled driving-wheels and a two-wheel truck in front. 


= tractive power. 


Classification of Locomotives (Penna. R. R. Co., 1900).—Class 
A, two pairs of drivers and no truck. Class B, three pairs of drivers and no 
truck, Class ©, four pairs of drivers and no truck. Class D, two pairs of 
drivers and four-wheel truck. Class E, two pairs of drivers, four-wheel 
truck, and trailing wheels. Class F, three pairs of driving-wheels and two- 
wheeltruck, Class G, three pairs of drivers and four-wheel truck. Class H, 
four pairs of drivers and two-wheel truck. Class A is commonly called a 
“‘four-wheeler ” ; B, a “six-wheeler”’ ; D, an “ eight-wheeler,”” or ‘* Ameri- 
can” type; E, ‘‘ Atlantic” type; Fy, “ Mogul’; G, ‘“ten-wheeler”; H, 
* Consolidation.” 


Steam-distribution for High-speed Locomotives, 
(C. H. Quereau, Eng’g News, March 8, 1894.) 


Balanced Valves.—Mr. Philip Wallis, in 1886, when Engineer of Tests for 
the C., B. & Q. R. R., reported that while 6 H.P. was required to work un- 
balanced valves at 40 miles per hour, for the balanced valves 2.2 H.P. only 
was necessary. 
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Effect of Speed on Aver swre,— Assume that a locomotive 
has a train in motion, the reverse lever is placed in the running notch, and 
the track is level; by what is the maximum speed limited ? The resistance 
of the train and the load increase, and the power of the locomotive de- 
‘creases with increasing speed till the resistance and power are equal, when 
| the speed becomes uniform. The power of the engine depends on the 
| average pressure in the AE elec Even though the cut-off and boiler- 

ressure remain the same, this pressure decreases as the speed increases; 
because of the higher piston-speed and more rapid valve-travel the steam 
‘has a shorter time in which to enter the cylinders at the higher speed. The 
following table, from indicator-cards taken from a locomotive at varying 
_ Speeds, shows the decrease of average pressure with increasing speed: 


‘Miles per hour......... daseevsees 46° 51,51 5B. -B4. 57 60. «66 
; on 248 248 258 2638 277 292 321 
Average pressure per sq. in.: 


Actual.. ............0.+20. 51.5 44.0 47.8 43.0 41.8 42.5 37.3 36.3 
Calculated. . 0.0 2..03..0.. s+ sees 46.5 “46.5 44.7 48.8 41.6 39.5 35.9 


. The “‘average pressure calculated” was figured on the assumption that 
the mean effective pressure would decrease in the same ratio that the speed 
increased. The main difference lies in the higher steam-line at the lower 
Speeds, and consequent higher expansion-line, showing that more steam 
entered the cylinder. The back pressure and compression-lines agree quite 
closely for all the cards, though they are slightly better for the slower 
‘speeds. That the difference is not greater may safely be attributed to the 
large exhaust-ports, passages, and exhaust tip, which is 5 in. diameter. 
These are matters of great importance for high speeds. . ; 
Boiler-pressure.—Assuming that the train resistance increases as the speed 
after about 20 miles an hour is reached, that an average of 50 lbs, per sq. 
in. is the greatest that can be realized in the cylinders of agiven engine at 40 
miles an hour, and that this pressure furnishes just sufficient power to keep 
the train at this speed, it follows that, to increase the speed to 50 miles, the 
mean effective pressure must be increased in the same proportion. To in- 
crease the capacity for speed of any locomotive its power must be increased, 
and at least by as much as the speed is to be increased. One way to accom- 
lish this is to increase the boiler-pressure. That this is generally realized, 
_ isshown by the increase in boilerpressure in the last ten ears. For twenty- 
three single-expansion locomotives described in the railway journals this 
year the steam-pressures are as follows: 3, 160 Ibs.; 4, 165 Ibs.; 2, 170 lbs.; 
18, 180 Ibs.; 1, 190 lbs. : 
Valve-travez. — An increased average cylinder-pressure may also be 
_ obtained by increasing the valve-travel without raising the boiler-pressure, 
and better results will be obtained by increasing both. The longer travel 
gives a higher steam-pressure in the cylinders, a later exhaust-opening, 
ke exhaust-closure, and a larger exhaust-opening—all necessary for hig! 
speeds and economy. I believe that a 20-in. port and 6}¢-in. (or even 7-in.) 
ravel could be successfully used for high-speed engines, and that frequently 
_by so doing the cylinders could be economically reduced and the counter- 
balance lightened. Or, better still, the diameter of the drivers increased, 
Securing lighter counterbalance and better steam-distribution, 
Size of Drivers.—Economy will increase with increasing diameter of 
drivers, provided the work at average speed does not necessitate a cut-off 
_ longer than one fourth the stroke. The piston-speed of a locomotive with 
62in. drivers at 55 miles per hour is the same as that of one with 68-in. 
‘drivers at 61 miles per hour. ¢ ‘ 
_, Steam-ports.—The length of steam-ports ranges from 15 in. to 28 in., and 
has considerable influence on the power, speed, and economy of the loco- 
motive, In cards from similar engines the steam-line of the card from the 
_ engine with 23-in. ports is considerably nearer boiler-pressure than that of 
the card from the engine with 1714-in. ports. That the higher steam-line is 
due to the greater length of steam-port there is little room for doubt. The 
28-in. port produced 531 H.P. in an 18%-in. cylinder at a cost of 23.5 lbs. of 
indicated water per I.H.P. per hour. The 1734-in. port, 424 H.P., at the rate 
of 22.9 lbs. of water, in a 19-in. cylinder, : 
Allen Valves.—There is considerable difference of opinion as to the advap- 
tage of the Allen ported-valve. (See Eng. News, July 6, 1893.) 
_,, Speed of Railway Trains,—In 1834 the average speed of trains on 
Ria erorncol and Manchester Railway was twenty miles an hour; in 1888 it 
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qwas twenty-five miles an hour. But by re were engines on the Great 
Western Railway capable of running fifty milés an hour with a train, and 
eighty miles an hour without. (Trans, A. S. M. E., vol, x 363.) 

The limitation to the increase of speed of heavy locomotives seems at 
present to be the difficulty of counterbalancing the reciprocating parts. The 
unbalanced vertical component of the reciproeating parts causes the pres- 
sure of the driver on the rail to vary with every revolution. Whenever the 
speed is high, it is of considerable magnitude, and its change in direction is 
so rapid that the resulting effect upon the rail is not inappropriately called 
a ‘“‘hammer blow.’’ Heavy rails have been kinked, and bridges have been 
shaken to their fall under the action of heavily balanced drivers revolving 
at high speeds. The means by which the evil is to be overcome has not yet 
been made clear. See paper by W. F. M. Goss, Trans, A. S. M. E., vol. xvi. 

Engine No. 999 of the New York Central Railroad ran a mile in 32 seconds 
equal to 112 miles per hour, May 11, 1893. 


Speed in miles __ circum, of driving-wheels in in. X no. of rev. per min, X 66 
per hour oo 63,360 
= diam, of driving-wheels in in. x no. of rev. per min. X .003 
: (approximate, giving result 8/10 of 1 per cent too great), 
Formule for Curves. (Baldwin Locomotive Works.) 


Approximate Formula for Radius. Approximate Formula for Swing. 
R= 646 W Wr _ gs 
ars aes PF aRe 


O/O 


# = radius of min. curve infeet. |W = rigid wheel base. 1 
P= play of. driving-wheels in T = total Wy vy 

decimals of 1 ft, R= radius of curve, f 
W = rigid wheel-base in feet, S = swing on each side of ¢entre.” 


Performance of a High-speed Locomotive.—The Baldwin 
compound locomotive No, 1027, on the Phila. & Atiantic City Ry., in July and 
August, 1897, made a record of which the following is a summary: 

n July 2d a train was placed in service scheduled to make the run 
between the terminal cities in 1 hour. Allowing 8 minutes for ferry frovi 
Philadelphia to Camden, the time for the 55% miles from the latter point to 
Atlantic City was 52 minutes, or at the rate of 64 miles per hour. Owing to 
the inability of the ferry-boats to reach Camden on time, the train always 
left late, the average detention being upwards of 2 minutes. This loss was 
invariably made up, the train arriving at Atlantic City ahead of time, 2. 
minutes on an average, every day. For the 52 days the train ran, from July 
2d to August 31st, the average time consumed on the run was 48 minutes, 
equivalent to a uniform rate of speed from start to stop of 69 miles per hour, 
On July 14th the run from Camden to Atlantic City was made in 46% min., 
an average of 71.6 miles per hour fur the total distance. On 22 days the 
train consisted of 5 cars and on 30 days it was made up of 6, the weight of 
ears being as follows: combination car, 57,200 lbs,; coaches, each, 59,200 lbs, ; 
Pullman Car, 85,500 lbs. 

The general dimensions of the locomotive are as follows: cylinders, 13 and 
22 x 26 in.s heigat of drivers, Pee in,; total wheel-base, 26 ft. 7in.; driving- 
wheel base, 7 ft. 3 in.; length of tubes, 13 ft.; diameter of boiler, 5834 in.; 
diameter of tubes, 134 in.; number of tubes, 278; length of fire-box, 113% in.; 
width of fire-box, 96 in.; heating-surface of fire-box, 136.4 sq. ft.; heating. — 
surface of tubes, 1614.9 sq. ft.; total heating-surface, 1835.1 sq. ft.; tank 
capacity, 4000 gallons; boiler-pressure, 200 lbs. per sq, in.} total weight of 
engine and tender, 227,000 Ibs.; weight on driver's (about), 78,600 Ibs. 

ocomotive Link Motion.—Mr. F. A. Halsey, in his work on 
“Locomotive Link Motion,” 1898, shows that the location of the eccentric- 
rod pins back of the link-arc and the angular vibrations of the eccentric: — 
rods introduce two errors in the motion which are corrected by the angulat 
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ization of tne connecting-rod and by locating the saddle-stud back of the 
link-are. He holds that it is probable that the opinions of the critics of the 


4 Jocomotive link motion are mistaken ones, and that it comes little short of 


_advanta, 


a given load at a given Speed. With locomotives 
ize which will start the heaviest train which the 


effective pressure. 
sed in the recent practice of some 
The advantages claimed are an increase in the power of the 

ers resistance to the motion of the 
of hot bearings; and a slight gain 
Halsey gives the practice as to lead on several roads 


Full Gear Full Gear Reversing 
Forward, in, - Back, in, Gear, in. 
' New York, New Haven & 

__ Hartford 1/16 pos, 14 neg. ¥4 pos. 

; 0 2 CTS ed resi rr aie wees 
1/32 pos. orogens ea a Riu abt. 3/16 
1/16 neg. 9/64 neg, 5/16 pos. 

: 0 0 3/16 to 9/16 
Chicago & Northwestern.... B/IG neg cs sete eee 44 pos. 


eects ROE RE dey ie Depa 
___ The link-chart of a locomotive built in 1897 by the Schenectady Locomotive 
Works for the Northern Pacific Ry. is as follows: 

et Sv 


Lead, Valve Open. Cut-off. 


Forward Rearward | Forward | Rearward Forward Rearward 
Stroke, in. | Stroke, in. Stroke, in.| Stroke, in. | Stroke, in. | Stroke, in. 


es As 17% 1% 22 9/16 2954 
oe ts eS 1920 1 16 1 #16 Pl 21 
| + 1/32 + 1732 1 1/16 1 1/16 19 19 

y 8/32 3/32 ae dig 16 1a 
' 9/64 9/64 % 3% 10 10 
5/32 s, 5/22 s, 5/16 5/16 8 8 
5/32 5/32 Yy 4 6 6 

| bff, 5/32 f, 7/32 7/32 4 4 1/16 


; Cylinders 20 x 26 in., driving-wheels 69 in., six coupled wheels, main rods 
112636 in., radius of link 40 in., lap 114 in., travel 6 in., Allen valve. 


DIMENSIONS OF SOME LARGE AMERICAN 
LOCOMOTIVES, 1898. 


__ The four locomotives described below were exhibited at the Chicago 
Exposition in 1893. The dimensions are from Engineering News, June, 1893. 
The first, or Decapod engine, has ten-coupled driving- wheels. It is one of 
the heaviest and most powerful engines ever built for freight service. The 
Philadelphia & Reading engine is a new type for passenger service, with four- 
oupled drivers. The Rhode Island engine has six drivers, with a 4-wheel 
leading truck and a 2-wheel trailing truck. These three engines have all 
“compound ¢ylinders. The fourth is a simple engine, of the standard Ameri- 
tan 8-wheel type, 4 driving-wheels, and a 4-wheel truck in front. This 
“engine holds the world’s record for speed (1893) for short distances, having 
run a mile in 32 seconds, 
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Baldwin. | Baldwin. N.Y. C. & 
-Y.,L.E.| Phila. | Rhode Isl.) RR. 
& & Locomoti’e Empire 
W.R. RB. |Read. R.R.| Works. State 
Decapod | Express | 5 cavy | Express, 
Freight. | Passenger.| “*PTESS. | No, 999. 
Running-gear: 
Driving- -wheels, diam ....| 4ft.2in. | 6ft.6in. | 6ft.6in. | 7 ft. 2in. 
Denckis tar HAH ye ite eateta 2** 6 * aa ee! RESON Bishicdyse 
Journals, driving-axles...| 9 x10in. | 844x12in. |8 x!834in./9 x 124in, 
Ge truck- $8 FSB SLO al 646 x IONE Bysx 10 “ 1614x10 ‘* 
ws tender- ‘ 4Yex 9 * | 4igx 8 |4igx 8 * Idigx 8 * 
Wheel-base: - 
IDTIVID Biscscicis'sietele’s boee ees 18 ft. 10in.| 6 ft.10in.| 13ft.6 in.| 8 ft. 6 in, 
Total engine.. + /[ 22 BM) 2B 4 1 29 8 94 ME 8 ATF G3 
“tender TG thr Botha TONS LOL! 1b 0) asad outts 
“engine and tender...| 53 “ 4 ‘| 47 “* 3 | 50 ‘* 684 “* |47 * a % 
Wt. in working-order: 
On drivers..:............. 170,000 Ibs.| 82,700 Ibs. 88,500 Ibs. a ne Ibs. 
On truck-wheels........-. 29,500 ‘ 47, 000 54,500 “* 
Engine, total... 192,500 ‘* 129,700 | 143,000 “ Bt O00 ss 
ToenGer=.t cst osewtte 117,500 ‘* 80; 573 ** 75,000 ‘ 80,000 ee 
Engine and tender, loaded] 310, ;000 * 210, 273 ** | 218,000 ** | 204,000 ** 
Cc Linders : : 
A 16x28in. | 18x24in. | one.21x 26} 19x24 in. 
a; 27 x 28, ** 22x24 | one 31x26 )..........-5 
Distance centre to centre.| 7 ft. 5‘ | 7 ft. 446 in.| 7 36 = in 6 ft. a in, 
Piston-rod, diam..... .... 4 in. 346 in. 
Connecting-rod, length...| 9’ 87/16” | 8 ft. 016 in.|10 ft. ine in.| 8 ft. 136 i in, 
Steam-ports..............| 28)4x2in. | 24x 146 in, debs and! 114418 in. 
Exhaust-ports.... ........ 28l6x8 * | 24x 4b6 “ 3x20 in, | 284x18 “ 
Slide-valves, out. lap, h.p. § in. % in. 14 in. lin. 
out. lap, 1, P-- Se BIN fons anercton cae 
ee eS sain; lap ht pis | vermis wisleica' (neg. ) Ai BMY, | Garett eta 1/10 in 
ue oh) dip. lap, Lp kic.sifine webte eg ey ore res Bary 5 
at «« max. travel.. 6 in. Bi ina 64 in 5% in 
as sf Bvpicess 1/16 in yt 3, fs) ee Preece = 
Es eee MAO A Die sn 5/16 * Beate t oleh mee spels o 4 | sails ieee aan 
Boiler—Type.............- Straight | Straight |Wagon top | Wagon top 
Diam. of barrel inside....| 6 ft. 24% in. | 4 ft. 814 in.| 5ft.2in, | 4 ft. 9 in, 
Thickness of barrel-plates 34 in. 5 in. 5g in. 9/16 in. 
Height from rail to centre 
[UTE Sapna senna ee 8ft.0 in. 8 ft. 11 in. |7 ft. 1114 in, 
Length of smoke-box..... [seater ? ike [need se 5 Be 1 aiid eee 
Working steam-pressure..| _180 Ibs 180 lbs. 200 Ibs. 190 Ibs. 
Firebox—type............. ootten Wootten |Radial stay} Buchanan 
yeneth inside HRSA SaRtiseN 10’ 119/16”) 9ft.6 in. 10 ft. 0 in. 9 ft. 63¢i in. 
VA a heey sgt teasers sate tr 8 ft. Wein.| 8 “* Og “| 2 986 13 4% 
Depth at fronticssie sche fi Sole Ail bach ba aia Lt, Ad tae 74 
Thickness of side plates..| 5/16 in, 5/16 in 5/16 in. 5/16 in. 
“back plate...| 5/16 “ 5/16 “ 36 5/16 “ 
Thickness of crown-sheet. Me 5/16 * 86 3% 
+6 “ tube oo “ 1g % “ 6c 
Grate-area...........-..+. 89.6 sq. ft. | 76.8 sq. ft.| 28sq. ft. | 30.7 sq. ft. 
Stay-bolts, diam., 144 in. a ener vA Tm Seem sonra 4in. 4in. 
A Ae d ote Shea cetenece Un, on ‘ afer s ai ik 268 
OH yaoi ste oll acpieieltcrelnictaten an /16 in Ino way. eee . 
Diam., outside. . 2 7 144 in. 2 er, 
Length betw'n tube-plates 11 ft. 11 in.| 10 ft. 0 in. |12 ft. 85g in.} 12 ft. “Oi in. 
Heating-surface : 
Tubes, exterior ..........| 2,208.8 ft. {1,262 sq. ft.|............ 1,697 sq. ft. 
Minecbox isi sasackac ces EL e Vc Vie te pa cs 288) 
Miscellaneous : 
Exhaust-nozzle, diam..... 5 in. bs S51 Sieg een arco Sis 34¢ in. 
Smokestack, smal’stdiam.| 1ft.6 “| 1ft.6in. | 1ft.3in. | 1 ft. 314 in, 
height from 
rail to top..... botteichs 15 “ 64% “ |14 ft. 034 in.} 15 * 2 [14 10 *f 
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Dimensions of Some American Locomotives,—The table on 
page 861 is condensed from one given by D. L. Barnes, in his paper on 
* Distinctive Features and Advantages of American Locomotive Practice,” 
Trans. A.S.C.E., 1898. The formula from which column marked * Ratio of 
cylinder-power to weight available for adhesion” is calculated as follows: 

2 X cylinder area xX boiler-pressure x stroke 
Weight on drivers X diameter of driving-wheel® 

(Ratio of cylinder-power of compound engines cannot be compared with 
that of the single-expansion engines.) 

Where the boiler-pressure could not be determined from the description 
of the locomotives, as given by the builders and operators of the locomotives, 
it has been assumed to be 160 lbs. per sq. in, above the atmosphere. F 

For Sembee locomotives the figures in the last column of ratios are 
based on the capacity of the low-pressure eylinders only, the volume of the 
high-pressure being omitted. This has been done for the purpose of com- 
parison, and because there is no accurate simple way of comparing the 
cylinder-power of single-expansion and compound locomotives, 


Dimensions of Standard Locomotives on the N.Y. ©, & 
H. R. RB. and Penna. R. R., 1882 and 1893, 


C. H. Quereau, Eng’g News, March 8,1894. 
N.Y. C. & H. BR. R. Pennsylvania R. R. 


Through Through Through Through 
Passenger.| Freight. | Passenger.| Freight, 


1882. | 1893. | 1882. | 1898. | 1882. | 1893. | 1882. | 1893. 


. Grate surface, sq. ft.... | 17.87) 27.3 | 17.87] 29.8 | 17.6 | 33.2 | 28. | 31.5 
Heating surface, sq. ft..| 1353} 1821 | 1353 | 1763 | 1057 | 1583 | 1260 | 1498 
Boiler, diam., in... ts 50 5 4 
Driver, diam., in . Se 70) 78, 86) 64 67 62 a 50 50 
Steam-pressure, lbs.. . 80 


Dene 150) 
Cylin., diam. and stroke. ve 19X 24/17 24/1926 era ae ee i 4 


Valve-travel, ins......... 34) 5) 54) 534 5 

Lead at full gear, ins....| 1/16] 1/16 1/16 | 1/16 | 1/16 0 4% | 1/16 

Ontside lap. o.oo %| 1 % ¥ 34 1 % 3 

Inside lap or clearance.. O} 0 | 1/162 | 8/322 é Ycl | 1/821 | 1 [32h 

Steam-ports, neta ee me ie at, te af, as Ty 56 
be ee Rernies 14 (a, 14) 144 4, AA 14) 1 

Type of engine...... ... Am. |} Am.! Am. |Mog.! Am. | Am. !Cons.!Conhs, 


Indicated Water Consumption of Single and Compound 
bere. Locomotive Engines at Varying Speeds. 


C. H, Quereau, Eng’g News, March 8, 1894. 


Two-cylinder Compound. Single-expansion. 
Speed Water 5 

Revolu- : i ‘ Revolu- | Miles per 
tions.) Won a te tions. Hour, Water. 
100 to 150 | 21 to 31 18.33 lbs, 151 31 21.70 
150 ‘* 200] 31 ‘* 41 8 OF ross 219 45 20.91 
» 200.** 250 | 41 “ 51 1947). 96 253 52 20.52 
250 ** 275) 51.‘ 56 Rid 1% 307 63 20.28 
, 821 66 20.01 


It appears that the compound engine is the more economical at low speeds, 
the economy decreasing as the speed increases, and that the single engine 
increases in economy with increase of speed within ordinary limita, becom- 
ing iaeke economica] than the compound at speeds of more than 50 miles 
per hour, 

The ©., B. & Q. two-cylinder compound, which was about 30% less eco- 
nomical than simple engines of the same class when tested in assenger 


service, has since been shown to be 15% more economical in freight service 


: 


ADVANTAGES OF COMPOUNDING. 863 

4 & 

[" an the best single-expansion engine, and 29% more economical than the 
“Average record of 40 simple engines of the same class on the same division. 

A: Indicator-tests of a Locomotive at High Speed. (Locomo- 
tive ing’g, June, 1893.)—Cards were taken by Mr. Angus Sinclair on the 

locomotive drawing the Empire State Express, 


REsvuLtTs oF INDICATOR-DIAGRAMS, 
Card No. Revs. Miles: “tmp. |) Card'No,’ ‘Revs, Miles: LHP. 


aie per hour. per hour, ~ 
et 160 37.1 648.3 % 304 70.5 7 
7 3 260 60.8 728 8 296 68.6 972 
3 190 44 551 9 800 69.6 1,045 © 
4 250 58 891 10 304 70.5 1,059 
6 260 60. 960 11 340 78.9 1,120 
6 298 69 983 12 310 V1.9 1,026 


1821.5 sq. ft. Grate area, 27.3sq. ft, Fire-box: length, 8 ft.; width, 8 ft. 4% 
pi in. Tubes, 268; outside diameter, 2in. Ports: steam, 18x14 in.; exhaust, ’ 


_ Locomotive-testing Apparatus at the Laboratory of 
Purdue University. (W. F. M. Goss, Trans. A. S. M.E., vol. xiv. 826.)— 
The locomotive is mounted with its drivers upon supporting wheels which 

| &re carried by shafts turning in fixed spits thus allowing the engine to 

_ be run without changing its position asa whole. Load is supplied by four 
friction-brakes fitted to the supporting shafts and offering resistance to the 

_ turning of the supporting wheels. Traction is measured by a dynamometer 

_ attached to the draw-bar. The boiler is fired in the usual rey: and an 
exhaust-blower above the engine, but not in pipe connection with t, carries 
off all that may be given out at the stack. 

A Standard Method of Conducting Locomotive-tests is given in a report 
by a Committee of the A. S. M. E. in vol. xiv. of the Transactions, page 1312. 

__ Waste of Fuel in Locomotives,—in American practice economy 
of fuel is necessarily sacrificed to obtain greater economy due to heavy 

_ train-loads. D, L. Barnes, in Zng. Mag., June, 1894, gives a diagram showing 

_ the reduction of efficiency of boilers due to high rates of com ustion, from 

_- which the following figures are taken: 
' Lbs, of coal per sq. ft. of grate per hour...... 12 40 80 120 -160 200 
S. Per cent efficiency of boiler....... .2...0...... 80 7% 67 59 51 4 
A rate of 12 lbs. is given as representing stationary-boiler practice, 40 ibs. 
js English locomotive practice, 120 lbs. average American, and 200 lbs, max- 
imum American, locomotive practice, ‘ 
_ Advantages of Compounding,.—Report of a Committee of the 
- American Railway Master Mechanics’ Association on Compound Locomotives 
_ (Am, Mach., July 3, 1890) gives the following summary of the advan 
_ gained by compounding: (a) It has achieved a saving in the fuel burnt 
_ averaging 18% at reasonable boiler-pressures, with encouraging possibilities 
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of further improvement in pressure and in fuel and water economy. (b) It 
has lessened the amount of water (dead weight) to be hauled, so that (c) the 
tender and its load are materially reduced in weight. (d) It has increased 
the possibilities of speed far beyond 60 miles per hour, without unduly 
straining the motion, frames, axles, or axle-boxes of the engine, (e) It has 
increased the haulage-power at full speed, or, in other words, has increased 
the continuous H,P. developed, per given weight of engine and boiler. (/) In 
some classes has increased the Starting-power, (g) It has materially lessened 
the slide-valve friction per H.P. developed. (h) It has equalized or distrib- 
uted the turning force on the crank-pin, over a aa ad portion of its path, 
which, of course, tends to lengthen the repair life of the engine. (¢) In the 
two-cylinder type it has decreased the oil consumption, and has even done 
so in the Woolf four-cylinder engine. (7) Its smoother and steadier draught 
on the fire is favorable to the combustion of all kinds of soft coal; and the 
sparks thrown being smaller and less in number, it lessens the risk to prop- 
erty from destruction by fire. (xk) These advantages and economies are 
Boca without having to improve the man handling the engine, less being 

eft to his discretion (or careless indifference) than in the simple a ee (0) 
Valve-motion, of every locomotive type, can be used in its best wor ing and 
most effective position. (m) A wider elasticity in locomotive design is per- 
mitted; as, if desired, side-rods can be dispensed with, or articulated engines 
of 100 tons weight, with independent trucks, used for sharp curves on moun- 
tain service, as suggested by Mallet and Brunner, 

Of 27 compound locomotives in use on the Phila. and Reading Railroad (in 
1892), 12 are in use on heavy mountain grades, and are designed to be the 
equivalent of 22 x 24 in, simple consolidations; 10 are in somewhat lighter 
service and correspond to 20 X 24 in. consolidations; 5 are in fast passenger 
service, Themonthly coal record shows: 


2 Gain in Fuel 
Class of Engine, No. Economy, 
Mountain locomotives. .. 2 25% to 30% 
Heavy freight service. 10 12% to 17% 
H&SG PARBENE OT Ii. . Tl Ae backs eee Ee 5 9% to 11% 


(Report of Com. A. R. M. M. Assn. 1892.) For a description of the various 
types of compound locomotive, with discussion of their relative merits, see 

aper by A. Von Borries, of Germany, The Development ef the Compound 
P woietive: Trans, A. S. M. E. 1893, vol. xiv., p. 1172. 

Counterbalancing Locomotives,—tThe following rules, adopted 
by different locomotive-builders, are quoted in a paper by Prof. Lanza 
(Trans. A. S. M. E., x. 302): 

A. “For the main drivers, place opposite the crank-pin a weight equal to 
one half the weight of the back end of the connecting-rod plus one half the 
weight of the front end of the connecting-rod, piston, piston-rod, and cross- 
head. For balancing the coupled wheels, place a weight phere the crank- 

in equal to one half the parallel rod plus one half of the weights of the 

ront end of the main-rod, piston, piston-rod, and cross-head. The centres 
of gravity of the above weights must be at the same distance from the 
axles as the crank-pin.”’ 

B. The rule given by D. K. Clark: ‘‘ Find the separate revolving weights © 
of crank-pin boss, coupling-rods, and connecting-rods for each wheel, also 
the reciprocating weight of the piston and appendages, and one half the 
connecting-rod, divide the reciprocating weight equally between each wheel 
and add the part so allotted to the revolving weight on each wheel: the 
sums thus obtained are the weights to be placed opposite the crank-pin, and 
at the same distance from the axis. To find the counterweight to be used 
when the distance of its centre of gravity is known, multiply the above 
weight by the length of the crank in inches and divide by the given dis- 
tance.” This rule differs from the preceding in that the same weight is 
placed in each wheel. 


i p 8x (w - 2) 
a"W= faa Ga in which S = one half the stroke, G = distance 


from centre of wheel to centre of gravity in counterbalance, w= weight at 
crank-pin to be balanced, W = weight in counterbalance, f = coefficient of 
friction so called, = 5 in ordinary practice. The reciprocating weight is. 
found by adding together the weights of the Piston, piston-rod, cross-head,, 
and one half of the main rod. The revolving weight for the main wheel is 
found by adding together the weights of the crank-pin hub, crank-pin, one — 
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half of the main rod, and one half of each Pare elrcs connecting to this 
_ wheel; to this add the reciprocating weight divided by the number of 
_ wheels. The revolving weight for the remainder of the wheels is found in 
_ the same manner as for the main wheel, except one half of the main rod is 
not added. The weight of the crank-pin hub and the counterbalance does 
not include the weight of the Bpane but of the metal inclosing them. This 
calculation is based for one cylinder and its corresponding wheels.”? 

D. ** Ascertain as nearly as possible the weights of erank-pin, additional 
weight of wheel boss for the same, add side rod, and main connections, 
pisten-rod and head, with cross-head on one side: the sum of these multi- 
plied by the distance in inches of the centre of the crank-pin from the centre 
_ of the wheel, and divided by the distance from the centre of the wheel to 
_ the common centre of gravity of the countorweights, is taken for the total 
counterweight for that side of the locomotive which is to be divided among 
the wheels on that side.” 

KE. “Balance the wheels of the locomotive with a weight equal to the 
weights of crank-pin, crank-pin hub, main and parallel rods, brasses, etc., 
plus two thirds of the weight of the reciprocating parts (cross-head, piston 
and rod and packing).” 

F. “ Balance the weights of the revolving parts which are attached to 
each wheel with exactness, and divide equally two thirds of the weights of 
the reciprocating parts between all the wheels. One half of the main rod is 
computed as reciprocating, and the other as revolving weight.” 

See also articles on Counterbalancing Locomotives, in R. R. & Eng. Jour., 
March and April, 1890; Trans, A.S. M, E., vol. xvi, 305; and Trans. Am. Ry. 
Master Mechanics’ Assn., 1897. W. E. Dalby’s book [on the ‘‘ Balancing of 
Engines’ (Longmans, Green & Co., 1902) contains a very full discussion of 
this subject. 

Maximum Safe Load for Steel Tires on Steel Rails. 
(A. S. M. E., vii., p. 786.)—Mr. Chanute’s experiments led to the deduction 
that 12,000 lbs. should be the limit of load for any one driving-wheel. Mr. 
Angus Sinclair objects to Mr. Chanute’s figure of 12,000 Ibs., and says that 
a, locomotive tire which has a light load on it is more injurious to the rail 
than one which has a heavy load. In English practice 8 and 10 tons are 
safely used. Mr. Oberlin Smith has used steel castings for cam-rollers 4 in. 
diam. and 3 in. face, which stood well under loads of from 10,000 to 20,000 
Ibs. Mr. C. Shaler Smith proposed a formula for the rolls of a pivot-bridge 


which may be reduced to the form: Load = 1760 x face X 4/diam., all in 
Tbs, and inches. 

See dimensions of some large American locomotives on pages 860 and 861, 
On the *‘ Decapod ” the load on each driving-wheel is 17,000 lbs., and on 
No. 999,” 21.060 lbs. 

Narrow-gauge Railways in Manufacturing Works.— 
A tramway of 18 inches gauge, several miles in length, is in the works of 
the Lancashire and Yorkshire Railway. Curves of 13 feet radius are used. 
The locomotives used have the following dimensions (Proc. Inst. M. E., July, 
; 1888): The cylinders were 5 in. diameter with 6 in. stroke, and 2 ft. 344 in, 
centre to centre. The wheels were 1614 in. diameter, the wheel-base 
4 2ft. 9in.; the frame 7 ft. 414 in. long, and the extreme width of the engine 
3 feet. The boiler, of steel, 2 ft. Zin, outside diameter and 2 ft. long between 
5 tube-plates, containing 55 tubes of 13¢ in. outside diameter; the fire-box, of 
iron and cylindrical, 2 ft. 3 in. long and 17 in. inside diameter. The heating- 
surface 10,42 sq. ft. in the fire-box and 36.12 in the tubes, total 46.54 sq. ft.; 
the grate-area, 1.78 sq. ft.; capacity of tank, 2614 gallons; Worn Pros ure, 
70 lbs. per sq. in.; tractive power, say, 1412 Ibs., or 9.22 lbs. per Ib. of effec- 
tive pressure per BG: in. on the piston. Weight, when empty, 2.80 tons; 
when full and in working order, 3.19 tons. 

For description of a system of narrow-gauge railways for manufactories, 
q see circular of the.C. W. Hunt Co., New York. 4 
Light Locomotives.—Yor dimensions of light ocomotives used for. 
5 mining, etc., and for much valuable information concerning them, see cata- 

logue of H. K. Porter & Co., Pittsburgh. 

Petroleum:-burning Locomotives, (From Clark’s Steam-en- 
ine.)—The combustion of petroleum refuse in locomotives has been success 

ully practised by Mr. Thos. Urquhart, on the Grazi and Tsaritsin Railway, 
Southeast Russia. Since November, 1884, the whole stock of 143 locomotives 
under his superintendence has been fired with petroleum refuse. The oil is 
injected from a nozzle through a tubular opening in the back of the fire-box, 
by means of a jet of steam, with an induced current of air, 
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A brickwork cavity or “ regenerative or ‘accumulative combustion-cham- 
ber” is formed in the fire-box, into which the combined current breaks as 
spray against the rugged brickwork slope. In this arrangement the brick- 
work is maintained at a white heat, and combustion is complete and smoke- 
Jess. The form, mass, and dimensions of the brickwork are the most im- 
portant elements in such a combination, ey et 4 

Compressed air was tried instead of steam for injection, butno appreciable 
reduction in consumption of fuel was noticed. ) 

The heating-power of petroleum refuse is given as 19,832 heat-units, 
equivalent to the evaporation of 20.53 Ibs. of water from and at 212° F,, or to 
17.1 Ibs. at 8144 atmospheres, or 125 Ibs. per sq. in., effective pressure. The 
highest evaporative duty was 14 lbs, of water under 814 atmospheres per 1b, 
of the fuel, or nearly 82% efficiency, 4 

There is no probability of any extensive use of petroleum as fuel Zor loco- 
motives in the United States, on account of the unlimited supply of coal and 
the comparatively limited supply of petroleum, Texas oil is now (1902) used 
in locomotives of the Southern Pacific Railway. 

Wireless Locomotive,—The principle of the Franeq locomotive is 
that it depends for the supply of steam on its spontaneous generation from 
a body of heated water ina reservoir, As steam is generated and drawn 
off the pressure falls; but by providing a sufficiently large volume of water 
heated to a high temperature, at a pressure correspondingly high, a margin 
of surplus pressure may be secured, and means may thus be provided for 
supplying the required quantity of steam for the trip. 

The fireless locomotive designed for the service of the Metropolitan Rail- 
way of Paris has a cylindrica reservoir having segmental ends, about 5 ft. 
Yin. in diameter, 2614 ft, in length, with a capacity of about 620 cubie feet, 


vessels, which are only in part filled with water. In the upper free space a 
pipe is placed, into which the steam is exhausted, Within this pipe another 
Pipe is fixed, perforated, from which cold water is projected into the sur- 
rounding steam, so as to effect the condensation as completely as may be. 
The heated water falls on an inclined plane, and flows off without mixing 
with the cold water. The condensing water is circulated by means of a 


e@ engine pores, in working order, 58 tons, of which 86 tons are on the 
‘he speed varies from 15 miles to 25 miles per hour. The 
trains weigh about 140 tons, ; 
Compressed=air Locomotives.—Ffor an account of the Mekarski 
system of compressed-air locomotives seo page 510 ante: 
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(See also Torsional STRENGTH; also SHAFTS OF STEAM-ENGINES.) . 


For dlonsatera of shafts to resist torsional strains only, Molesworth gives 


d= a in which d= diameter in inches, P = twisting force in pounds 


5 applied at the end of a lever-arm whose length is 7 in inches, K = a coeffi- 

_ cient whose values are, for cast iron 1500, wrought iron 1700, cast steel 3200, 

gun-bronze 460, brass 425, copper 380, tin 220, lead 170. The value given for 

_ cast steel probably applies only to high-carbon steel, : j 
Thurston gives: } 


aR 8/125 H.P. . 
Ps hi —~—, for iron; 
For head shafts well 125° RFs 3 
Br tieeine (uearites slvon aR, 3/7 HP. 
_ springing (bearings close Fe 4 ote - 
to pulleys or gears): Ber re oS / ag I el Fr Ae 
9 3 7 
HP. = oe, a= /~ Be, for iron; 
R For Ao Shatelog 
_ hangers 8 ft. apart: 3 /B HP 
: ee BR. d= & ER for cold-rolled iron, 
55 R 
8 3 /62.5 HP. 
EP, = oe d= eee, for iron; 
sor sronemiesion sim- } 
ply, no pulleys: 3 3 
: E.P, = BE, d= ed aa for cold-rolled iron, 


H.P. = horse-power transmitted, d = diameter of shaft in inches, R = rev- 
olutions per minute. 


3 
_J. B. Francis gives for turned-iron shafting d = Vy 100 H.P. 


R 


‘. 


" Jones and Laughlins give the same formule as Prof. Thurston, with the 
i following exceptions: For line shafting, hangers 8 ft. apart: 


J 3 /HE 
g cold-rolled iron, H.P. = o d= / wee. 


For simply transmitting power and short counters: 


BR 8 /50 HP. 
turned iron, H.P. = m d= 4/232, 


: > OR 3 /30 HP. 
cold-rolled iron, H.P. = ae d= A = 


fi They also give the following notes: Receiving and transmitting pulleys 
- should always be placed as close to bearings as possible; and it is good prac- 
tice to frame short “‘ headers”’ between the main tie-beams of a mill so as 
' tosupport the main receivers, carried by the head shafts, with a bearing 
’ elose to each side as is contemplated in the formule. Butif it is preferred 
; or necessary, for the shaft to span the full width of the ‘‘ bay” without in- 
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termediate bearings, or for the pulley to be placed away from the bearings 
towards or at the middle of the bay, the size of the shaft must be largely 
increased to secure the stiffness necessary to support the load without un- 
due deflection. Shafts may not deflect more than 1/80 of an inch to each 
foot of clear length with safety. 

To find the diameter of shaft necessary to carry safely the main pulley at 
the centre of a bay: Multiply the fourth power of the diameter obtained by 
above formule by the length of the “‘bay,”’ and divide this product by the 
distance from centre to centre of the bearings when the shaft is atts abe 
as required by the formula. The fourth root of this quotient will be the 
diameter required. | 

The following table, computed by this rule, is practically correct and safe. 


Bor, B 

% £585 Diameter of Shaft necessary to carry the Load at the Centre of 

Sw % rs a Bay, which is from Centre to Centre of Bearings 

Busy 

SaSan| age. | see. | set. | see. | set. | ost. | set. | soct. 

4, 

1% 348 366 3856 
8 334 4 414 
346 414 4 
bi | 
5 68 6 tig 
5Y8 6 614 67 
6 656 % 2s 


As the strain upon a shaft from a load upon it is prororion to the 
product of the parts of the shaft multiplied into each other, therefore, 
should the load be applied near one end of the span or bay instead of at the 
centre, multiply the fourth power of the diameter of the shaft required to 
carry the load at the centre of the span or bay by the product of the two 
parts of the shaft when the load is near one end, and divide this product by 
the product of the two parts of the shaft when the load is carried at the 
centre. The fourth root of this quotient will be the diameter required. 

The shaft in a line which carries a receiving-pulley, or which carries a 
transmitting-pulley to drive another line, should always be considered a 
head-shaft, and should be of the size given by the rules for shafts carrying 
main pulleys or gears. 

Deflection of Shaftime. (Pencoyd Iron Works.)—As the deflection 
of steel and iron is practically alike under similar conditions of dimensions 
and loads, and as shafting is usually determined by its transverse stiffness 
rather than its ultimate strength, nearly the same dimensions should be 
used for steel as for iron. 

For continuous line-shafting it is considered good practice to limit the 
deflection to a maximum of 1/100 of an inch per foot of length. The weight 
of bare shafting in pounds = 2.6d2Z = W, or when as fully loaded with 
pe as is customary in practice, and allowing 40 lbs. per inch of width 

‘or the vertical pull of the belts, experience shows the load in pounds to be 
about 13d?L = W. Taking the modulus of transverse elasticity at 26,000,000 
Ibs., we derive from authoritative formule. the following: 


L= WV 878d?2, d= ie for bare shafting; 


L= V 1%5d?, d= V5 for shafting carrying pulleys,lete. ; 


Z being the maximum distance in feet between bearings for continuous 
shafting subjected to bending stress alone, d = diam. in inches. : 

The torsional stress is inversely proportional to the velocity of rotation, 
while the bending stress will not be reduced in the same ratio. It is there- 
fore impossible to write a formula covering the whole problem and suffi 


7 
’ 


HORSE-POWER AT DIFFERENT SPEEDS. 862 


ciently simple for practical application, but the following rules are correet 
within the range of velocities usual in practice. 

For continuons shafting so propeeiones as to deflect not more than 1/100 
of an inch per foot of length, allowance being made for the weakening 
effect of key-seats, 


pe = ae ie WV 720d2, for bare shafts; 


pe 2 = L= ¥W 140?, for shafts carrying pulleys, ete, 


d = diam. in inches, Z = length in feet, R = revs. per min. 

The following table (by J. B. Francis) gives the greatest admissible dis- 
tances between the bearings of continuous shafts subject to no transverse 
strain except from their own weight, as would be the case were the power 
given off from the shaft equal on all sides, and at an equal distance from 
the hanger-bearings. 


Distance between Distance between 
Bearings, in ft. Bearings, in ft. 

SS Se — 

Diam. of Shaft, Wrought-iron Steel | Diam,of Shaft, Wrought-iron Steel 
in inches. Shafts. Shafts. in inches. Shafts. Shafts. 

2 15.46 15.89 6 22.30 92 

3 17.70 18.19 v6 23.48 24.13 

4 19.48 20.02 8 24.55 25.23 

5 2C.99 21.57 9 25.53 26.24 


These conditions, however, do not usually obtain in the transmission of 
power by belts and pulleys, and the varying circumstances of each case 
render it impracticable to give any rule which would be of value for univer- 
sal application. 

For example, the theoretical requirements would demand that the bear- 
ings be nearer together on those sections of shafting where most power 
js delivered from the shaft, while considerations as to the location and 
desired contiguity of the driven machines may render it impracticable to 
separate the driving-pulleys by the intervention of a hanger at the theo- 
retically required location. (Joshua Rose.) 


Horse-power Transmitted by Turned Iron Shafting at 
Different Speeds. 


As Prime Mover or Head SHAFT CARRYING MAIN DRIVING-PULLEY OR GEAR, 
WELL SUPPORTED BY BEARINGS. Formula: H.P. = dR + 125. 


FI Fe Number of Revolutions per Minute. 
e 
sos 
A Zl 60 | 80 | 100] 125] 150] 175 | 200] 225) 250] 275] 300 
Ins. | H.P.| H.P.} H.P.| H.P.| H.P.| H.P.| H.P.| H.P. | H.P.| H.P.| H.P. 
13% | 2.6 8.4, 4.8] 5.4, 6.4] 7.5) 8.6) 9.7] 10.7 11.8] 12.9 
2 3.8 5.1) 6.44 8 9.6] 11.2} 12.8) 14.4) 16 17.6) 19.2 
5.4 7.8) 8.1 14 1 18 2 24 
7.5 : 5 
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PULLEYS. 


Proportions of Pulleys. (See also Fly-wheels, pages 820 to 823.) — 
Let n = number of arms, D = diameter of pulley, S = thickness of belt, = 
thickness of rim at edge, = thickness in middle, B = width of rim, B = 
width of belt, k = breadth of arm at hub, h; = breadth of arm at rim, e = 
thickness of arm at hub e, = thickness of arm at rim, c= amount of crown- 
ing; dimensions in inches. 


Unwin. Reuleaux. 
Re == width of Tim cseesecccetmeh asco 9/8 (6 +0.4) 9/88 to 5/48 
Bela 5 thick. of rim.) 
t = thickness at edge of rim....... 0.78 + .005D 1/5h to 4h 
a ae yd * middle of rim..... 2+e i a atuaaltientaces Py 
For single VES 
belts = -63374/ “mw yn Bp D 
* = breadth of arm at hub..... pny, fee —s 
For double */BD 4 4 + 20a 
belts = .798 n 
hy= BS CEP! OMT aesoe eine 26h 0.8h 
e = thickness of arm at hub 0.4h 0.5h 
a= Pe - ne pag pare 0.5h, 
m= number of arms, for a BD 2D 
single set, fo x im are ay 16(5 * SB ) 
Z not less than 2, or sin.-arm pulleys, 
T= leneth of Hub’ ies). ote { Roe 3 ets Papa tees 
M= thickness of metal in hub....... 0 «+++ +--+. see h to 34h 
e¢ = crowning of pulley....... bie 3 OE RON ee ah 
i number of arms is really arbitrary, and may be altered if necessary. 
nwin. 


Pulleys with two or three sets of arms may be considered as two or three 
separate pulleys combined in one, except that the proportions of the arms 
should be 0.8 or 0.7 time that of single-arm pulleys. (Reuleaux.) 

ee ee eens of a pulley 60” diam., 16” face, for double belt 44” 
thick. 


Solution byx.0c. 9 MiP Mae eee On bad Me 
Unwin........- 9 8.79 2.58 1.52 1.01 .65 1.97 10.7 3.8 .67 


ee ~ 
Reuleaux.. ... 4 5.0 4.0 2.5 2.0 1.25 160—=COi*SSS 

The following proportions are given in an article in the Amer, Machinist, 
authority not stated: 

h = .0625D + .5 in., hy = .04D + 8125 in., e = .025D+ .2in.,e, = .016D + 
.125 in. 

These give for the above example: h = 4.25 inj hy =.2.71in.,.e = tv in, 
e, =1.09in. The section of the arms in all cases is taken as elliptical. 

The following solution for breadth of arm is proposed by the author: 
Assume a belt pull of 45 Ibs. per inch of width of a single belt, that the 
whole strain is taken in equal proportions on one half of the arms, and that 
the arm is a beam loaded at one end and fixed at the other. We have the 
formula for a beam of elliptical section fP = .0982 ear in which P = the 
load, R = the modulus of rupture of the cast iron, b = breadth, d = depth, 
and J = length of the beam, and f = factor of safety. Assume a modulus 
of rupture of 36.000 lbs., a factor of safety of 10, and an additional allow- 
ance for safety in taking 1 = 44 the diameter of the pulley instead of 14D 
less the radius of the hub. 

Take d = h, the breadth of the ae al the Bee, and © ~ e re the 

; wy ang _. 3535_X 0.4 
thickness. We then have fP = 10 X aeaGe 9005 = roe whence 


_ 3 /900BD 
2 8535 
reached by Unwin from a different set of assumptions, 


./m 
= 33 4/ BP. which is practically the same as the value 
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PULLEYS. 


Proportions of Pulleys. (See also Fly-wheels, pages 820 to 823.)— 
Let n = number of arms, D = diameter of pulley, S = thickness of belt, ¢= 
thickness of rim at edge, 7 = thickness in middle, B = width of rim, 8 = 
width of bell, k = breadth of arm at hub, h, = breadth of arm at rim, ¢-= 
thickness of arm at hub e, = thickness of arm at rim, c= amount of crown- 
ing; dimensions in inches. 


Unwin. Reuleaux. 
B= width of rim.......... tssesecse 9/8 (8 + 0.4) 9/88 to 5/48 
- t= thickness at edge of rim....... ors-+ oop — { Mier of nm) 
v= hig * middle of rim..... 2t-+e caeercenneem 
3/SRPn 
For single BD 
belts = "6337 4/ W yr B D 
* = breadth of arm at hub..... — |—+5 as 
For double * BD 4 4 a 20n 
belts = .798 a 
hy= Vie Sedna aay iit Kenaneares he 0.8h 
e = thickness of arm at hub.. 4h 0.5h 
a= ” a Can oe pantie ve eae OAs 
m= number of arms, for a Bd D 
elnmleseh, os t 1 mn nS, Bt HG a7 ll 
not less than 2, or sin.-arm pulleys, 
L = length of hub .......-2..0.. in often see iB Ren. Ars Pitas 
M= thickness of metal in hub.......  ......-....04. h to 34h 
¢ = crowning of pulley............-. RABE ye eas SoS he > ee 
The number of arms is really arbitrary, and may be altered if necessary. 


(Unwin.) 

Pulleys with two or three sets of arms may be considered as two or three 
separate pulleys combined in one, except that the proportions of the arms 
should be 0.8 or 0.7 time that of single-arm pulleys. (Reuleaux.) 

ire Aa TeRESS of a pulley 60” diam., 16” face, for double belt 14” 
thick. 
Solution by.... nm =h hy e@ @& Ce des ae 
Unwin,...,.... 9 8.79 2.58 1.52 1.01 .65 1.97 10.7 8.8 .67 


e——Y 
Reuleaux.. ... 4 65.0 4.0 2.5 2.0 1.25 168 5 


The following proportions are given in an article in the Amer. Machinist, 
authority not stated: 

h = .0625D + .5 in., hy = .04D + 8125 in., e = .025D+ .2in., e, = .016D + 
.125 in. 

These give for the above example: h = 4.25 in., hy = 2.71 in., e = 1.7 in,, 
e; = 1,09in. The section of the arms in all cases is taken as elliptical. 

The following solution for breadth of arm is proposed by the author: 
Assume a belt pull of 45 Ibs. per inch of width of a single belt, that the 
whole strain is taken in equal proportions on one half of the arms, and that 
the arm is a beam loaded at one end and fixed at the other, We have the 
formula for a beam of elliptical section fP = .0982 in which P = the 
load, R = the modulus of rupture of the cast iron, 6 = breadth, d = depth, 
and / = length of the beam, and f = factor of safety. Assume a modulus 
of rupture of 36.000 lbs., a factor of safety of 10, and an additional allow- 
ance for safety in taking / = 14 the diameter of the pulley instead of 1%D 
less the radius of the hub. 

Take d = h, the breadth of the arm at the hub, and b = e = 0.4h, the 


‘ = gn gb _. 3585.X 0.413 

thickness. We then have fP = 10 x ae 900— = %D whence 
3 /900BD 3 /BD - . ; 

h= 3330 = oy/- a4 which is practically the same as the value 


reached by Unwin from a different set of assumptions. 
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Convexity of Pulleys.—Authorities differ. Morin gives a rise equal 
to 1/10 of the face; Molesworth, 1/24; others from 1g to 1/96. Scott A. 
Smith says the crown should not be over 1g inch for a 24-inch face. Pulleys 
for shifting belts should be “ Straight,” that is, without crowning, 


CONE OR STEP PULLEYS. 
To find the diameters for the several steps of a pair of cone-pulleys: 
1. Crossed Belts.—Let D and d be the diameters of two pulleys con- 
nected by a crossed belt, L = the distance between their centres, anc g = 
the angle either half of the belt makes with a line joining the centres of the 


pulleys ; then total length of belt = (D+ ds + (D+ aae +2L cos Bp. 


D=-d 
2 


the belt is constant when D + d is constant; that is,in a pair of step- 
pulleys the belt tension will be uniform when the sum of the diameters of 
each opposite pair of steps is constant. Crossed belts are seldom used for 
connpe leys, on account of the friction between the rubbing parts of the 
belt. 


% 2 
8 = angle whose sine is ote. Icos sp = / T= ( ) +L. Thelength of- 


To design a pair of tapering speed-cones, so that the belt may fit 
equally tight in all positions ; When the belt is crossed, use a pair of equal 
and similar cones tapering opposite ways. 

2. Open Belts.—When the belt is uncrossed, use a pair of equal and 
similar conoids tapering opposite ways, and bulging in the middle, accord- 
ing to the following formula: Let L denote the distance between the axes 
of the conoids; R the radius of the larger end of each; r the radius of the 
smaller end; then the radius in the middle, rg, is found as follows: 


—~R+r, (R-71n? y 
Fox ae + 6.28L (Rankine.) 

If D, = the diameter of equal steps of a pair of cone-pulleys, Dand d = 
the diaméters of iggy Seay aaa steps, and L = distance between the 
axes, De = 3 + ip reer: 

If a series of differences of radii of the steps, R — r, be assumed, then 
for each pair of steps ame T?.— & =) » and the radii of each may be 
computed from their half sum and half difference, as follows: 

R-r R+tr R-—-r 
lio Sifucs : Rare 


A. J. Frith (Trans. A. 8. M. E., x. 298) shows the following application of 
Rankine’s method: If we had a set of cones to design, the extreme diame- 
ters of which, including thickness of belt, were 40” and 10’’, and the ratio 
desired 4, 3, 2, and1, we would make @ table as follows, L being 100’; 


R+r 
a= F 


Trial Trial Diameters, Values of] Amount | Corrected Values, 
Sum of | Ratio. (D —d)? tobe |————__________ 
Dr+d. D a 12.562 | Added.} p d 
50 4 40 10 -7165 -0000 40 10 
50 3 37.5 12.5 4975 -2190 37.7190 } 12.7190 
50 2 33.333 16.666 -2212 4953 83.8286 | 17.1619 
50 1 25 25 -0000 -7165 25.7165 | 25.7165 \ 


The above formule are spproximiate, and they do not give satisfactory 

of diameters of opposite steps is large and when 
the axes of the pulleys are near together, giving a large belt-angle. The 
following more accurate solution of the problem is given by GC. A. Smith 


Lay off the centre distance C or EF, and draw the circles D, and d, ee 

determine by 
known conditions. Draw HI tan ent to the circles D, and dy. From P, 
midway between Z and F, erect the perpendicular BG, making the length 


CONE OR STEP PULLEYS. 


S 

FL 

#8 
§ 


i 


ah, 


h 
i 


A 


; 


less than 18°, and 998 for angles between 18° 


-ancles 


belt 


314 for 
and 30°; 


ee 
M-) 
ae 


Sin E is negative; 


) 
B+ E when 


— 20) when 4 = Oandr=1; 


for use in equation (8) 


ir of cones to obtain 
cosines, in 


2C cos 4+ .UTSalIM + fe — 10 + 4). 
r once for any 
Of sines and 


. @L 
j Set st, by the ak are 
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BELTING. 


Theory of Belts and Bands.—A pulley ts driven by a belt by 
means of the friction between the surfaces in contact. Let 7', he the tension 
on the driving side of the belt, 7’, the tension on the loose side; then S, = T, 
— Ty, is the total friction between the band and the pulley, which is equal to 
the tractive or driving force. Let f = the coefficient of friction, @ the ratio 
of the Jength of the arc of contact to the length of the radius, a = the angle 
of the arc of contact in degrees, e = the base of the Naperian logarithms 
= 2.71828, m = the modulus of the common logarithms = 0.484295. The 
following formulz are derived by calculus (Rankine’s Mach’y & Millwork, 
Pp. 851; Carpenter’s Exper. Eng’g, p. 178): 


T; T, 7, us 

mae T= T, = T= T, aT ios T,(1 — e~F®). 

T, — Ty = T1 —e ~P) = 7,1 — 10-0") = 7,(1 — 10~-0758/a), 
Ty. 4, .00758fa, aa 00758fa. m _ Ta 
7 Hi T, = Tz X 10 3 Ta = Dh onsaya 


If the arc of contact between the band and the pulley expressed in turns 


and fractions of a turn =, @=2mn; of = 107-88", that is, ef? is the 
natural number eomreep ond ing to the common logarithm 2.7288 n. 

The value of the coefficient of friction f depends on the state and material 
of the rubbing surfaces. For leather belts on iron pulleys, Morin found 

= .56 when dry, .386 when wet, .23 when greasy, and .15 when oily. In calcu- 

ting the proper mean tension for a belt, the smallest value, f = .15, is 
to be taken if there is a probability of the belt becoming wet with oil. - The 
experiments of Henry R. Towne and Robert Briggs, however (Jour. Frank. 
Inst., 1868), show that such a state of lubrication is not of ordinary occur- 
rence; and that in designing machinery we may in most cases safely take 
f= 0.42. Reuleaux takes f = 0.25. The following table shows the values of 
the coefficient 2.72887, by which 7 is multiplied in the last equation, corre- 
sponding to different values of f; also the corresponding values of various 
ratios among the forces, when the arc of contact is half a circumference: 


f= 0.15 0.25 0.42 0.56- 
2.7286/ = 0.41 0768 P7595 1.58 
Let 6 = w and n = }, then 
T, + Tq = 1.608 2.188 3.758 5.821 
T, + $=2.66 184 1.36 1.21 
T, + Ty + 25 = 2.16 1.84 0.86 0.71 


In ordinary practice it is usual toassume T,= 8; T, = 28; T; + Ty + 
2S = 1.5. This corresponds to f = 0.22 nearly. 

For a wire rope on cast iron f may be taken as 0.15 nearly; and if the 
groove of the pulley is bottomed with gutta-percha, 0.25. (Rankine.) 

Centrifugal Tension of Belts.—When a belt or band runs at a 
high velocity, centrifugal force produces a tension in addition to that exist- 
ing when the belt is at rest or moving ‘at a low velocity. This centrifugal 
tension diminishes the effective driving force. 

Rankine says : If an endless band, of any figure whatsoever, runs at a 
given speed, the centri aga force produces a uniform tension at each cross- 
section of the band, equal to the weight of a piece of the band whose length 
is twice the height from which a heavy body must fall, in order to acquire 
the velocity of the band. (See Cooper on Belting, p. 101.) 


If Tc = centrifugal tension; 
V = velocity in feet per second; 
g = acceleration due to gravity = 82.2; 
W = weight of a piece of the belt 1 ft. long and 1 sq. in. sectional area,— 


Leather weighing 56 lbs. per cubic foot gives W = 56 + 144 = .888, 


wv? 388 % 
To= Rie ee 01272, 
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| ,_ Belting Practice. Handy Formulz for Belting. — Since 
4} in the practical application of the above formule the value of the coefficient 
_ Of friction must be assumed, its actual value varying within wide limits (15% 

to 1852), and since the values of 7, and T, also are fixed arbitrarily, it is cus- 
; tomary in practice to substitute for these theoretical formule more simple 
| empirical formule and rules, some of which are given below. 


_ Let d = diamn. of pulley in inches; md = circumference; 
Fa V = velocity of belt in ft. per second; v = vel. in ft. per minute; 
, @ = angle of the arc of contact; 
- Z = length of are of contact in feet = sda + ‘12 X 860)s 
bral #' = tractive force per square inch of sectional area of belts 
: w = width in inches; ¢ = thickness; ci 
S = tractive force per inch of width = 7'-+ t; F 
Tpm. = revs. per minute; rps. = revs. per second = Tpm. + 60. 


_ ad 7d . rpm, _ _ aX Ipm., 
V=75 X'S. =75 X 60 OE X MgO es ere = 
an v= 72 x rpm,; = .2618d x rpm. = 
‘- — Suw _ SVw _ Swd xX rpm. _ : 
_ Horse-power, ELP. = 5000 = “50 = — q26050 — = -200007988S~0d x rpm. 


__ If F = working tension per square inch = 275 Ibs., and ¢ = 7/82 inch, S = 
60 lbs. nearly, then 


Ow th _ wd X rpm, 
HP. = 559 = 1097 w = .000476wd x rpm. = coi 8 


if F = 180 Ibs. per square inch, and ¢ = 1/6 inch, S = 80 lbs., then 


vw wd X rpm. 
ELP. = F595 = -055Vw = .0002880d x rpm. = Se . @ 


If the working strain is 60 lbs. per inch of width, a belt 1 inch wide travel- 
_ ding 550 ft. per minute will transmit 1 horse-power. If the working strain is 

30 ibs. per inch of width, a belt 1 inch wide, travelling 1100 ft. per minute, 
__ will transmit 1 horse-power. Numerous rules are given by different writers 
_ On belting which vary between these extremes. A rule commonly used is : 
- iinch wide travelling 1000 ft. per min. = .H.P, 


_ vo _ i _ wd X rpm, 
HP. = 500 = .06Vw = .000262wd % rpm. = —i0 
This corresponds to a working strain of 33 lbs. per inch of width. 


_ _ Many writers give as safe practice for single belts in good condition a 
» working tension of 45 Ibs. per inch of width. ‘This gives 


» e« 


PAD ky a _ wd X rpm. 
H.P.= 733 = -0818Vw = .000357wd x rpm, = 3800 - 4 


For double belts of average thickness, some writers say that the trans 
mitting efficiency is to that of single belts as 10 to 7, which would give 


__ELP. of double belts = “4 — +1169Vw = .00051wd x rpm. = wd X rpm.” (5) 

: 513 1960 

_ Other authorities, however, make the transmitting-power of double belts 

_ twice that of single belts, on the assumption that the thickness of a double- 

__ belt is twice that of a single belt. 

_ _ Rules for horse-power of belts are sometimes based on the number of 

_ square feet of surface of the belt which pass over the pulley in a minute, 
Sq. ft. per min. = wy +12. The above formule translated into this form 


give: 
m3 For iS = eH Ibs. per inch wide . oo = 4 8q. ft. per minute, 
3) * S=38 * “ “« #BH.P.=8 « ba 
“ 8 = 45 “ « it H.P. = 61 “« “« 
5) “* Sm Gis o “ HPR=28 4 * (double belt), 
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The above formule are all based on the supposition that the arc of con. 
tact is 180° For other ares, the transmitting power is approximately pro« 
portional to the ratio of the degrees of are to 180°. ; 

Some rules base the horse-power on the length of the are of contact in 


; nda _ Sw Sw on a 
feet. Since L= ia x 360 2nd 15 es Be 33000 = $3000°° 12 xX rpm. 180’ we 


obtain by substitution H.P. = aa x LX rpm., and the five formuls then 


take the following form for the several values of S: 


_ wi xX rpm... wh X rpm... wl x rpm, . wh X rpm... 
H.P=—o 5 ——s50 5 —00 5 —367 «i 


ELP. (double belt) = oe rpm (6). 


None of the handy formule take into consideration the centrifugal ten- 
sion of belts at high velocities, When the velocity is over 8000 ft. per min- 
ute the effect of this tension becomes appreciable, and it should be taken 
account of as in Mr, Nagle’s formula, which is given below. 

Horse-power of a Leather Belt One Inch Wide, (NaGtz.) 
Formula: H.P. = CVtw(S — .01272) = 550, 


For f = .40,a = 180°, C = .715, w = 1. 


Lacep Be.ts, S = 275. RIVETED BExts, S = 400, 
as Rais) ; 
pe Thickness in inches = ¢. 2 Thickness in inches = ¢, 
Pores a 
“= ©: oo NS 
1/7 | 1/6 |3/16|7/82| 1/4 5/16] 1/3 & 7/32 1/4| 5/16} 1/3 | 8/8 | 7/16) 1/2 
> 4/.143] 167] .187].219] 250] 312] .333 > 4} .219].250] .812] .833] .375] .437! .500 
10 | .51) .59) 63) .73} .84/1.05/1.18] 15 |1.69]1.94| 2.42] 2.58] 2.91] 3.39 3.87 
15 | .75| .88/1.00/1.16]1.32}1.66]1.77 2.24/2.57) 8.21] 8.42] 3.85! 4,49] 5.13 
20 |1.00/1,17/1-32/1 54/1. 75/2. 19/2,34) 25 |2.79/3.19] 3.98] 4.25] 4/78] 5 57 6.37 
25 |1.23/1.43)1.61/1.88/2.16/2.69]2.86] 80 |3.31/8.79] 4.'74! 5.05] 5.67} 6.62] 7.58 
80 /1.47/1.72/1.93/2.25/2.58/3,22/3.44] 85 18.82/4.37] 5.46| 5.83] 6.56] 7.65 8.25 
35 /1.69/1.97/2.22)2.59/2.96]3.70|3.94! 40 14.33/4.95] 6.19] 6.60] 7.42] 8.66 9.90 
40 |1.90/2.22/2.49|2.90|3.32/4.15|4.44] 45 14.85/5.49 6.86] 7.32] 8.43] 9.70|0.98 
45 |2.09/2.45}2.75/3.21/3,67/4.58/4.89] 50 |5.26/6.01| 7.51 8.02) 9.02110.52/12.03 
50 /2.27/2.65/2.98/3, 48/3. 98/4.97/5.30| 55 |5.68/6.50| 8.12] 8166] 9.74111.36 13.00 
55 |2.44/2.84/3. 19/3. 72/4. 2615 _32/5.69] 60 16.09/6.c66 8.70) 9.28]10,43]12.17/13.91 
60 {2.58)/3.01/3.38/3.95/4_51/5.64/6.02] 65 |6.45/7.37| 9.22] 9.83111 06 12.90)14.75 
65 |2.71/3.16/3.55/4.14/4.74/5 9216.32 70 16.7817.75 9.69)10.33]11,62/13.56/15. 
70 |2.81/3. 27/3. 68|4.29/4.91/6.14/6.54| 75 17.0918. 11]10.18|10.84|12.16 14.18/16 .21 
7 |2.89/3.37/3.79/4.42/5.0516.31/6.73| 80 |7.3618.41 10.51)11.21]}12.61/14.71/16.81 
80 |2.94/3.43/3.86/4.50/5.15]/6.44/6.86] 85 17.5818.66 10.82/11 .55/13.00]15. 1617.32 
85 |2.97/3.47/3.90|4.55/5.20/6.50/6.93] 90 7.74/8.85/11.06)11.80)13.27]15.48117.69 
90 |2.97/3.47/3.90/4.55/5.20/6.50|6.93/100 |7.96/9.10 11.87/12. 13/13. 65|15.92/18.20 


The H.P. becomes a maximum The H.P. becomes a maximum at 
at 87.41 ft. persec, = 5245 ft. p. min./105.4 ft. per sec. = 6324 ft. per min. 

In the above table the angle of subtension, a, is taken at 180°, 
Should it be.. ........... 90°|100°} 1109/1209) 130°) 140°|150°/160°]170°: chal ile 
Multiply above values by | .65] .70| .75{ .79| .83] ,87| .91| .94] 97] 4 1.05 


A. F. Nagle’s Formula (Trans. A, 8. M. E., vol. fi., 1881, p. 91. 
Tables published in 1882.) 


S — .012V7 2 
H.P. = OV to) 
C= 1 — 10° 8a; t = thickness in inches: 
a@ = degrees of belt contast; V = velocity in feet per second; 
Ff = coefficient of friction; S = stress upon belt per square inch, 
w = width in inches; 
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: Taking S at 275 Ibs. per sq. in. for laced belts and 400 Ibs. per sq. in. for 
a flapped and riveted belts, the formula becomes 


E.P. = CVitw(.50 — -0000218V 2) for laced belts; 
HP. = OVtw(.727 — -0000218Y 2) for riveted belts, 


VALUES OF Ci = 1 — 10 —-00%58fa (Naetz.) 


eels 
eos Degrees of contact = a. 

539 ‘ 
it SE) 90° | 100° | 110° 120° | 130° | 140° | 150° | 160° | 170° | 189° 200° 
<4 


-60 } .610 | {649 | “684 | 2715 | Tvaq | ; : : 87 
1.00 { .792 | .825 | .853 | .877 | .897 | 1913 | ‘go7 -937 | .947 | .956 | .969 
The following table gives a comparison of the formulse already given for 
the case of a belt one inch wide, with are of contact 180°, 


Hlorse-power ofa Belt One Inch wide, Arc of Contact 180°. 
CoMPaRISON oF DirrerEnt FoRMULz, 


50), iS enclt ey sti [sis Form. 5| Nagle’s Form 
2 3 | 2g |Form, 1)Form, 2/Form, 8\Form. 4 1417,/39"si é 
oe (88) s8 lap clpp oip aL belt|7/22"'single belt 
Sa} 38) ) wy | wu wu OR eRe 
2 # e & BS 550 7100 233 53" Laced, |Riveted 
10 600 50] 1.09 ~55 -60 -82 alg -73 1.14 
1200} 100] 2.18 1.09 1,20 1.64 2.34 1.54 2.24 
80 | 1800} 150] 3.27 1.64 1.80 2.46 8.51 2,25 8,31 
40 | 2400} 200} 4.36 2.18 2.40 8.27 4.68 2.90 4,33 
50 | 30 250 | 5.45 2.73 8.00 4.09 5.85 3.48 5.26 
60 | 3600] 300] 6.55 8.27 8.60 4.91 7.02 3.95 6.09 
ri 4200 | 350] 7.63 3.82 4,20 5.73 8.19 4.29 6.78 
80 | 4800] 400| 8.73 4.36 4.80 6.55. 9.36 4.50 7.86 
90 | 5400} 450] 9.82 4.91 5.40 7.387 } 10.53 4.55 7.04 
— 100 | 6000} 500 | 10.91 5.45 6.00 8.18 | 11.70 4.41 7.96 
i 110 | 6 PHO din ewistlee eset teeta ajet sal anni isa eae mel, 4.05 7.97 
piciisichieil'esieiie wiv eid eae neind Seestels sol garcia: 3.49 Wi85 


Width of Belt for a Given Horse-power.—The width of bell 

_ tequired for any given horse-power may be obtained by transposing tne for 

_ mule for horse-power so as to give the value of w. Thus; 

50H.P. 9.17 HP. 2101 HP. _ 275 F.P. 
Opis Vv ~ @Xrpm.~ LXrpm.’ 

1100 H.P, = 18.383 HP. 4202 HP. _ 530 H.P. 

v 


From formula (1), w= 


From formula (2), w= 


yo aX rpm. ~ LX rpm.’ 
P.  16.67H.P, 9820 HP. 'P. 
from formula (8), w = OO BP. _ 16.67 HP. _ 8820 HP. 600 HP 


v V ~ dXrpm. ~ Lx rpm.’ 
WEP, _W.2 EP. _ 200H.P.  360H.P, 
OP pea _ @X rpm. ZX rpm. 


1% 
.2) es 
Brom formula (6).#40= 613 H.P. Zz SEE. _ 1960 H.P. 257 H.P. 


* For double belts. 


from formula (4), w= 
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Many authorities use formula (1) for double belts and formula () or (8) for 
single belts. 580 FP. 


. : ; = p 
To obtain the width by Nagle’s formuia, w = Cris — RV or divide 


the given horse-power by the figure in the table corresponding to the given 
thickness of belt and velocity in feet per second. 

The formula to be used in any particular case is largely a 
matter of judgment. A single belt proportioned according to formula (1), 
if tightly stretched, and if the surface is in good condition, will transmit the 
horse-power calculated by the formula, but one so proportioned is objec- 
tionable, first, because it requires so great an initial tension that it is apt to 
stretch, slip, and require frequent restretching and relacing; and second 
because this tension will cause an undue pressure on the pulley-shaft, and 
therefore an undue loss of power by friction. To avoid these difficulties, 
formula (2), (3), or (4,) or Mr. Nagle’s table, should be used; the latter espe- 
cially in cases in which the velocity exceeds 4000 ft. per min. 

Taylor’s Rules for Belting.—F. W. Taylor (Trans, A.S. M. E., 
xy. 204) describes a nine years’ experiment on belting in a machine-shop, 
giving results of tests of 42 belts running night and day. Some of these 
belts were run on cone pulleys and others on shifting, or fast-and-loose, pul- 
leys, The average net wor ing load on the shifting belts was only 4/10 of 
that of the cone belts. 

The shifting belts varied in dimensions from 39 ft, 7 in. long, 8.5 in. wide, 
25 in. thick, to 51 ft. 5 in, ie 6.5 in. wide, .87 in. thick. The cone belts 
varied in dimensions from 24 ft, 7 in. long, 2 in. wide, .25 in. thick, to 31 ft. 
10 in. long, 4 in. wide, .37 in. thick. a 

Belt-clamps were used having spring-balances between the two pairs cx 
clamps, so that the exact tension to which the belt was subjected was 
Hisihaarg weighed when the belt was first put on, and each time it was 

ightened, 

The tension under which each belt was spliced was carefully figured so as 
to place it under an initial strain—while the belt was at rest immediately 
after tightening—of 71 lbs. per inch of width of double belts, This is equiv- 
alent, in the case of 


Oak tanned and fulled belts, to 192 Ibs. per sq. in. section; 
Oak tanned, not fulled belts, to 229 8 ete 
Semi-raw-hide belts, to 253 eee “ 
Raw-hide belts, to 284 ¢ 66 ee “ 


From the nine years’ experiment Mr. Taylor draws a number of conclu. 
sions, some of which are given in an abridged form below. § 

In using belting so as to obtain the greatest economy and the most satis- 
factory results, the following rules should be observed: 


Oak Tannea | Other es of 
and Fulled | Leather Belts 


and 6- to 7-ply 
Leather Belts. | ‘Rubber Belts, 
a ne ee ey 
| A double belt, having an are of contact of 
80°, will give an effective pull on the face 
of a pulley per inch of width of belt of.... 35 Ibs. 380 Ibs. 
Or, a different form of same rule: 
The number of sq. ft. of double Belt passing| 
around a pulley per minute required to 
transmit one horse-power is............... 80 sq. ft. 90 sq. ft. 
Or: The number of lineal feet of double- 
belting 1 in. wide passing around a pulley 
per minute required to transmit one horse- 
POW ORIG S08 5 vccceesalae oan coes ASC 950 ft. 1100 ft. 
Or: A double belt 6 in. wide, running 4000 to 
5000 ft. per min., will transmit............ 30 H.P. 25 H.P. 


The terms ‘initial tension,” ‘effective pull,” etc., are thus explained b. 
Mr. Taylor: When pulleys upon which belts are tightened are at rest, bot! 
strands of the belt (the upper and lower) are under the same stress per in 
of width. By “ tension,” “initial tension,’’ or “‘ tension while at rest,” we 
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a4 
| mean the stress per in, of width, or sq, in. of section, to which one of the 
| strands of the belt is tightened, when at rest. After the belts are in motion 
| and transmitting power, the stress on the slack side, or strand, of the belt 
i Me becomes less, while that on the tight side—or the side which does the pull- 

_ ing—becomes greater than when the belt was atrest. By the term “ total 

load ” we mean the total stress per in. of width, or sq. in. of section,-on the 

| tight side of belt while in motion. 
| __The difference between the stress on the tight side of the belt and its slack 
_ Ride, while in motion, represents the effective force or pull which is trans- 
| mitted from one pulley to another. By the terms ‘‘working load,” “ net 
working load,” or ‘‘ effective pull,” we mean the difference in the, tension 
of the tight and slack sides of the belt per in. of width, or sq. in. section, 
_ while in motion, or the net effective force that is transmitted from one pul- 
- ley to another per in. of width or sq. in. of section. 
__ The discovery of Messrs. Lewis and Bancroft (Trans. A. 8. M. E., vii. 749) 
_ that the ‘‘sum of the tension on both sides of the belt does not remain 

constant,” upsets all previous theoretical belting formule. 
__ The belt speed for maximum economy should be from 4000 to 4500 ft. per 
Minute. 


As belts increase in width they should also be made thicker. 

The ends of the belt should be fastened together by splicing and cement- 
ing, instead of lacing, wiring, or using hooks or clamps of any kind. 

A V-splice should be used on triple and quadruple belts and when idlers 
are used. Stepped splice, coated with rubber and vulcanized in place, is besé 
_ for rubber belts, 

For double belting the rule works well of making the splice for all belts 
up to 10 in. wide, 10 in, long; from 10 in. to 18 in, wide the splice should be 
the same width as the belt, 18 in. being the greatest length of splice required 
for double belting. 

Belts should be cleaned and greased every five to six mpnths. 

Double leather belts will last well when repeatedly fightened under a 
_ strain (when at rest) of 71 lbs. per in. of width, or 240 lbs. per sq. in. section. 
_ They will not maintain this tension for any length of time, however. 

_ _Belt-clamps having spring-balances between the two pairs of clamps 
Le be pied for weighing the tension of the belt accurately each time it 
is tightened. 

The stretch, durability, cost of maintenance, etc., of belts proportioned 
(A) according to the ordinary rules of a total load of 111 lbs. per inch of 
width corresponding to an effective pull of 65 lbs. per inch of width, and (B) 
according to a more economical rule of a total load of 54 Ibs., corresponding 
to an effective pull of 26 lbs. per inch of width, are found to be as follows: 

When it is impracticable to accurately weigh the tension of a belt in tight- 


length for (A) and one inch for every 10 ft. for (B), if it requires tightening, 

Double leather belts, when treated with great care and run night and day 
at moderate speed, should last for 7 years (A); 18 years (B). 

The cost of all labor and materials used in the maintenance and repairs of 
double belts, added to the cost of renewals as they give out, through a term 
of years, will amount on an average per year to 87% of the original cost of 
the belts (A); 14% or less (B). 

In figuring the total expense of belting, and the manufacturing cost 
ehargeable to this account, by far the largest item is the time lost on the 
machines while belts are being relaced and repaired. 

The total stretch of leather belting exceeds 6% of the ab eats length. 

The stretch during the first six months of the life of belts is 36% of their 
entire stretch (A); 15% (B). 

A double belt will stretch 47/100 of 1% of its length before requiring to be 
tightened (A); 81/100 of 1% (B). 

The most important consideration in making up tables and rules for the 
use and care of belting is how to secure the minimum of interruptions to 
taanufacture from this source. 


ening it, it is safe to shorten a double belt one half inch for every 10 ft. of ‘ 
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The average double belt (A), when running mene and day ina machine- 
shop, will cause at least 26 pera de to manufacture during its life, or 5 
interruptions per year, but with (B) interruptions to manufacture will not 
average oftener for each belt than one in sixteen months. 

The oak-tanned and fulled belts showed themselves to be superior in all 
respects except the coefficient of friction to either the oak-tannedjnot fulled, 
the semi-raw-hide, or raw-hide with tanned face. 

Belts of any width can be successfully shifted backward and forward on 
tight and loose pulleys. Belts running between 5000 and 6000 ft, per min, 
and driving 300 H.P. are now being daily shifted on tight and‘loose pulleys, 
to throw lines of shafting in and out of use. 

The best form of belt-shifter for wide belts is a pair of rollers twice the 
width of belt, either of which can be pressed onto the flat surface of the 
belt on its slack side close to the driven ulley, the axis of the roller making 
an angle of 75° with the centre line of the belt, 

Remarks on Mr, F tage fae ate Rules, (Trans. A.S. M. E., xv., 42} 
—The most notable feature in Mr. Taylor’s ei is the great difference be- 
éween his rules for proper proportioning of belts and those given by earlier 
writers. A very commonly used rule is, one horse-power may be transmitted 
by a single belt 1 in. wide running ft. per min., substituting for # various 
ose och to the ideas of different engineers, ranging usually from 

50 to B 

The practical mechanic of the old school is apt to swear by the figure 
600 as being thoroughly reliable, while the modern engineer is more apt to 
use the figure 1000. Mr, Taylor. however, instead of utah S figure from 550 — 
to 1100 for a single belt, uses 956 to 1100 for double belts. Tf we assume that 
a double belt is twice as strong, or will carry twice as much power, as a : 
single belt, then he uses a figure at least twice as large as that used in 
modern practice, and would make the cost of belting for a given shop twice 
as large as if the belting were proportioned according to the most liberal of 
the customary rules. 

This great difference is to some extent explained by the fact that the 
problem which Mr. Taylor undertakes to solve is quite a different one from 
that which is solved by the ordinary rules with their variations, The prob- 
lem of the latter generally is, “How wide a belt must be used, or how nar- 
row @ belt may be used, to transmit a given horse-power ®” Mr. Taylor’s’ 
problem is: * How wide a belt must be used so that a given horse-power 
may be transmitted with the minimum cost for belt repairs, the longest life 
to the belt, and the smallest loss and inconvenience from stopping the 
machine while the belt is being tightened or repaired ?” 

The difference between the old practical mechanic’s rule of a 1-in.-wide 
single belt, 600 ft. per min., transmits one horse-power, and the rule come 
monly used by engineers, in which 1000 is substituted for 600, is due to the 
belief of the engineers, not that a horse-power could not be transmitted by 
the belt proportioned by the older rule, but that such a ae ortion involved 
undue strain from overtightening to prevent stipping, which strain entailed 
too much journal friction, necessitated frequent tightening, and decreased 
the length of the life of the belt, 

Mr. Taylor’s rule substituting 1100 ft. per min. and doubling the belt is a 
further step, and a long one, in the same direction. Whether it will be taken 
in any case by engineers will depend upon whether they appreciate the exe 
{tent of the losses due to slippage of belts slackened by use under overstrain, 
and the loss of time in envening and repairing belts, to such a degree as to 
induce them to allow the first cost of the belts to be doubled in order to 
avoid these losses. 

It should be noted that Mr. Taylor’s experiments were made on rather 
narrow belts, used for transmitting power from shafting to machinery, and 
his conclusions may not be applicable to heavy and wide belts, such as — 
engine fly-wheel belts, 


MISCELLANEOUS NOTES ON BELTING, 


Formule are useful for proportioning belts and pulleys, but they furnish 
no means of estimating how much power @ particular belt may be trans- 
mitting at any given time, any more than the size of the engine is a measure 
of the load it is actually drawing, or the known strength of a horse is a 
measure of the load on the Naser The only reliable means of determinin, 
the power actually transmitted is some form of dynamometer. (See Trans, — 
A.S.M. EB. vol. xii. p.707.) : 
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__If we increase the thickness, the power transmitted ought to increase in 
Proportion; and for double belts we should have half the width required for 
‘B single belt under the same conditions. With large pulleys and moderate 
Velocities of belt it is probable that this holds good. With small pulleys, 
~ however, when a double belt is used, there is not such perfect contact 
between the pulley-face and the belt, due to the rigidity of the latter, and 
as more work is necessary to bend the belt-fibres than when a thinner and 
" ore pliable belt is used. The centrifu force tending to throw the belt 
_ from the pulley also increases with the ickness, and for these reasons the 
_ width of a double belt required to transmit a given horse-power when used 
_ with small pulleys is generally assumed not less than seven tenths the 
_ width of a single belt to transmit the same Power. (Flather on “* Dynamom- 
_ eters and Measurement of Power.”) 
_ _F. W. Taylor, however, finds that great oe is objectionable, and 
favors thick belts even for small pulleys: @ power consumed in bending 
_ the belt around the pulley he considers inappreciable. According to Ran- 
_ kine’s formula for centrifugal tension, this tension is proportional to the 
» ‘sectional area of the belt, and hence it does not increase with increase of 
_ thickness when the width is decreased in the same proportion, the sectional 
_ area remaining constant. 
Scott A. Smith (Trans. A. S. M. E., x. 765) says: The best belts are made 
_ from all oak-tanned leather, and curried with the use of cod oil and tallow, 
_ all tobe of superior quality. Such belts haye continued in use thirty to 
forty years when used as simple drivin -belts, driving a proper amount of 
power, and having had suitable care. The flesh side should not be run to 
the pulley-face, for the reason that the wear from contact with the pulley 
" should come on the grain side, as that surface of the belt is much weaker 
in its tensile strength than the flesh side; also as the grain is hard it is more 
enduring for the wear of attrition; further, if the grain is actually worn off, 
_ then the belt may not suffer in its integrity from a ready tendency of the 
hard grain side to crack. 
_ The most intimate contact of a belt with a pulley comes, first, in the 
_ smoothness of a pulley-face, including freedom from ridges and hollows left 
_ by turning-tools; second, in the smoothness of the surface and evenness in 
the texture or body of a belt; third,in having the crown of the driving and re- 
_eeiving pulleys exactly alike —as nearly so as is practicable in a commercial 
sense; fourth, in having the crown of pulleys not over 1” for a 24” face, that 
is tosay, that the pares. is not to be over 14” largerin diameter in its centre; 
: © crown other than two planes meeting at the centre; 
' sixth, the use of any material on-or ina belt, in addition to those necessarily 
_ used in the currying process, to keep them pliable or increase their tractive 
' Quality, should wholly depend upon the exigencies arising in the use of 
_ belts; non-use is safer than over-use; seventh, with reference to the lacing 
_of belts, it seems to be a good practice to cut the ends toa convex shape by 
using a former, so that there may be a nearly uniform stress on the lacing 
_ through the centre as compared er the edges, Fora belt 10’ wide, the 


_ , Lacing of Belts.—In punching a belt for lacing, use an oval punch, 
the longer diameter of the punch being pe with the sides of the belt, 
_ Punch two rows of holes in each end, Placed zigzag. Ina 8-in. belt there 

should be four holes in each end—two in each row. In a 6-inch belt, seven 
holes—four in the row nearest the end. A 10-inch telt should have nine 


le greater, 
Begin to lace in the centre of the belt and take care to keep the ends 
 @xactly in line, and to lace both sides with equal tightness. e lacing 
_ should not be crossed on the side of the belt that runs next the pulley. In 
_ taking up belts. observe the same rules as putting on new ones. 
: Setting a Belt on Quarter-twist.—A belt must run squarely on to 
tne pulley: To connect with a belt two horizontal shafts at right angles 
" with each other, say an engine-shaft near the floor with a line attached to 
the ceiling, will require a quarter-turn. First, ascertain the central point 
_ on the face of each poe at the extremity of the horizontal diameter where 
_ the belt will leave the pulley, and then set that point on the driven pulley 
_ plumb over the corresponding point on the driver. This will cause the belt 
_ torun squarely on to each pulley, and it will leave at an angle greater or 
_ less, according to the size of the pulleys and their distance from each other. 
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In quarter-twist belts, in order that the belt may remain on the pulley: 
the central plane on each pulley must pass through the point of delivery o: 
the other pulley. This arrangement does not admit of reversed motion. 

To find the Length of Belt required for two given 
Pulleys.—When the length cannot be measured directly by a tape-line, 
the following approximate rule may be used: Add the diameter of the two 
pulleys together, divide the sum by 2, and multiply the quotient by 344, and 
add the product to twice the distance between the centres of the shafts, 
(See accurate formula below.) 

To find the Angle of the Arc of Contact of a Belt.—Divide 
the difference between the radii of the two pulleys in inches by the distance 
between their centres, also in inches, and in a table of natural sines find the 
angle most nearly corresponding with the quotient. Multiply this angle by. 
2,and add the product to 180° for the angle of contact with the larger 
pulley, or subtract it from 180° for the smaller pulley. 

Or, let R = radius of larger pulley, r = radius of smaller; 

= distance between centres of the pulleys; 
@ = angle whose sine is (R — r) + L. 
Are of contact with smaller pulley = 180° — 2a; 
Se oa.ce - “ larger pulley = 180° + 2a. 

To find the Length of Belt in Contact with the Pulley.— 
For the larger pulley, multiply the angle a, found as above, by .0349, to the 

roduct add 3.1416, and multiply the sum by the radius of the pulley. Or 

length of belt in contact with the pulley 


= radius x (7 ++ .0349a) = radius x n(4 +). 


For the smaller pulley, length = radius x (m—.0349a)= radius x (1 ~ S) ’ 


The above rules refer to Opem Belts. The accurate formula for length 
of an open belt is, 


Length = aR(1 +f) is mr(4 - ») +2L cosa 


= R(w + .0349a) + (7 — .0349a) + 2L cos a, 


in which RF = radius of larger pulley, » = radius of smaller pulley, 
L = distance between centres of pulleys, and a = angle whose sine is 


(R—r)+L;cosa= VL? —(R—1 +L. 
For Crossed Belts the formula is 


Length of belt = nR(1 en ) ay! ar(1 Eg ) 420 cos B, 
=(R-+1r) x (+ .03498) + 2E cos B, 
in which 6 = angle whose sine is (R +r) + L; cosB = VL2—(B +7)? +L. 


To find the Length of Belt when Closely Rolled.—The sum 
of the diameter of the roll, and of the eye in inches, X the number of turns 
made by the belt and by .1309, = length of the belt in feet 

To find the Approximate Weight of Belts.—Mult iply the 
length of belt, in feet, by the width in inches, and divide the product by 12 
for single. and 8 for double belt. 

Relations of the Size and Speeds of Driving and Driver 
Pulleys.—The driving pulley is called the driver, D. and the driven pulley 
the driven, d. , If the number of teeth in gears is used instead of diameter, in 
these calculations, number of teeth must be substituted wherever diameter 
occurs, #& = revs, per min. of driver, 7 = revs, per min. of driven. 


: PDS are 
Viam, of driver = diam. of driven x revs. of driven + revs. of driver. 
d=DR+r; 
Diam. of driven = diam, of driver x revs. of driver + revs. of driven, 
R=dr+D: 


" Revs. of driver = revs. of driven x diam. of driven + diam, of driver. 
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+= DR+d; 
Revs. of driven = revs. of driver x diam. of driver + diam. of driven. 


Evils of Tight Belts. (Jones and Laughlins.)—Clamps with powerful 
screws are often used to put on belts with extreme tightness, and with most 
| injurious strain upon the leather. They should be very judiciously used for 
horizontal belts, which should be allowed sufficient slackness to move with a 
_ loose undulating vibration on the returning side, as a test that they have no 
more strain imposed than is necessary simply to transmit the power. 
On this subject a New England cotton-mill engineer of large experience, 
says: I believe that three quarters of the trouble mee in broken pul- 
2 t belts. The enormous 


leys, hot boxes, ete., can be traced to the fault of lig: 
_ and useless pressure thus put upon pulleys must in time break them, if the: 
_ are made in any reasonable proportions, besides wearing out the whole out- 
_ fit, and causing heating and consequent destruction of the bearings. Below 
_ are some figures showing the power it takes in average modern mills with 
first-class shafting, to drive the shafting alone : 


Shafting Alone, Shafting Alone. 
__ Whole 
Horse- |Per cent | No. mk Horse- | Per cent 
power. |of whole. Tat power. |of whole, 
51 25.6 5 759 172.6 22.7 
4 111.5 23.6 6 235 84.8 36.1 
134 27.5 7 670 262.9 89.2 
190 28.1 8 677 182 26.8 
-. ” SSSREEWiaas Shlge ean EAS LR eT 


These may be taken as a fair showing of the power that is required in 
many of our best mills to drive shafting. It is unreasonable to think that all 
that power is consumed by a legitimate amount of friction of bearings 

and belts. I know of no cause for such a, loss of nels but tight belts. These, 
_ when there are hundreds or thousands in a mill, easily multiply the friction 
on the bearings, and would account for the figures. 
__ Sag of Belts.—In the location of shafts that are to be connected with 
~ each other by belts, care should be taken to secure a proper distance one 
from the other. This distance should be such as to allow of a gentle sag to 
the belt when in motion. 
RA fe em rule may be stated thus: Where narrow belts are to be run over 
small pulleys 15 feet is a good average, the belt having a sag of 114 to 2 inches. 
__ For larger belts. working on larger pulleys, a distance of 20 to 25 feet does 
_ well, with a sag of 214 to 4 inches. 
For main belts working on very large pulleys, the distance should be 25 to 
80 feet, the belts working well with a sag of 4 to 5 inches. 
If too great a distance is attempted,the belt will have an unsteady flapping 
motion, which will destroy both the belt and machinery. 
Arrangement of Belts and Pulleys.—If possible to avoid it, con- 
nected shafts should never be placed one directly over the other, as in such 
ease the belt must be kept very tight to do the work. For this purpose belts 
- should be carefully selected of well-stretched leather. 
It is desirable that the angle of the belt with the floor should not exceed 
45°. It is also desirable to locate the shafting and machinery so that belts 
should run off from each shaft in opposite directions, as this arrangement 
_will relieve the bearings from the friction that would result when the belts all 
" pull one way on the shaft. 
_ In arranging the belts leading from the main line of shafting to the 
counters, those pulling in an opposite direction should be placed as near 
€ach other as practicable, while those pulling in the same direction should be 
‘Separated. This can often be accomplished by changing the relative posi- 
tions of the pulleys on the counters. By this procedure much of the friction 
on the journals may be avoided. 
if possible, machinery should be so placed that the direction of the belt 
motion shall be from the top of the driving to the top of the driven pulley, 
when the sag will increase the are of contact. 
The pulley should be a little wider than the belt required for the work. 


“ 
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The motion of driving should run with and not against the bes of the belts, 

Tightening or guide pulleys should be applied to the slack side of belts and 
near the smaller pulley. ? 

Jones & Laughlins, in their Useful Information, say: The diameter of the 
pulleys should be as large as can be admitted, provided they will not pro- 
dtice a speed of more than 4750 feet of belt motion per minute, 

They also say: It is better to gear a mill with small ‘pulleys and run them 
at a high velocity, than with large pulleys and to run them slower. <A mill 
thus geared costs less and has a much neater appearance than with large 
heavy pulleys. A 

M. Arthur Achard (Proce, Inst, M. E., Jan. 1881, p. 62) says: When the belt 
is wide a partial vacuum is formed between the belt and the pulley at @ 
high velocity. ‘The pressure is the- greater than that computed from the 
tensions in the belt, and the resistance to slipping is greater. This has the 
advantage of permitting a greater power to be transmitted by a given belt, 
and of diminishing the strain on the shafting, 

On the other hand, some writers claim that the belt entraps air between 
itself and the pulley, which tends to diminish the friction, and reduce the 
tractive force, On this theory some manufacturers perforate the belt with 
numerous holes to let the air escape. 

Care of Belts,—Leather belts should be well protected against water, 
loose steam, and all other inoisture, with which they should not come in con- 
tact. But where such conditions prevail fairly good results are obtained by 
using a special dressing prepared for the purpose of water-proofing leather, 
though a positive water-proofing material has not yet been discovered. 

Belts made of coarse, loose-fibred leather will do better service in dry and 
warm places, but if damp or moist conditions exist then the very finest and 
firmest leather should be used. (Fayerweather & Ladew.) 

Do not allow oil to drip upon the belts. It destroys the life of the leather. 

Leather belting cannot safely stand above 11C° of heat. 

Strength of Belting.—The ultimate tensile strength of belting does 
not generally enter as a factor in calculations of power transmission. 

The strength of the solid leather in belts is from 2000 to 5000 Ibs. per square 
inch; at the lacings, even if well put together, only about 1000 to 1500. Iz 
riveted, the joint should have half the strength of the solid belt. The work- 
ing strain on the driving side is generally taken at not over one third of the 
strength of the lacing, or from one eighth to one sixteenth of the strength 
of the solid belt. Dr. Hartig found that the tension in practice varied from 
80 to 532 Ibs. per square inch, averaging 273 lbs, : 

Adhesion Independent of Diameter. (Schultz Belting Co.)— 
1, The adhesion of the belt to the pulley is the same—the arc or number of 
degrees of contact, aggregate tension or weight being the same—without 
reference to width of belt or diameter of pulley. : 

2, A belt will slip just as readily on aoe four feet in diameter as it will 
on a pulley two feet in diameter, provided the conditions of the faces of the 
pulleys, the are of contact, the tension, and the number of feet the belt 
travels per minute are the same in both eases. 

8. To obtain a greater amount of power from belts the pulleys may be 
covered with leather; this will allow the belts to run very slack and give 25% 
more durability. 

Endless Belts.—Iif the belts are to be endless, they should be put on 
and drawn together by *‘ belt clamps’ made for the purpose. If the belt is 
made endless at the belt factory, it should never be run on to the pulleys, lest 
the irregular strain spring the belt, Lift out one shaft, place the belt on the 
pulleys, and force the shaft back into’place, 

Belt Data.—A fly-wheel at the Amoskeag Mfg. Co., Manchester, N. H., 
30 feet diameter, 110 inches face, running 61 revs, per min., carried two heavy 
double-leather belts 40 inches wide each, and one 24inches wide. The engine: 
indicated 1950 H.P., of which probably 1850 H.P. was transmitted by the 
belts, The belts were considered to be heavily loaded, but not overtaxed. 

(0 x 8.14 x 104 x 61) + 1850 = 323 ft. per min. for 1 H.P. per inch of width: 

Samuel Webber (4m. Mach., Feb, 22, 1894) reports a case of a belt 30 
inches wide, % inch thick, running for six years at a velocity of 8900 feet per 
minute, on to a pulley 5 feet diameter, and transmitting 556 H.P. This gives 
a velocity of 210 feet per minute for 1 H.P. per inch of width, By Mr, Nagile’s 
table of riveted belts this belt would be designed for 882 H.P, By Mr. Taylot’s 
rule it would be used to transmit only 123 H.P, © ; 

The above may be taken as examples of what a beltmay be made todo, but 
they should not be used as precedents in designing. Itis not stated how much’ 
power was lost by the journal friction due te over-tightening of these belts: 
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Belt Droasings:— Wo advise that no belt dressing should be used exe 
_ cept when the belt becomes dry and husky, and in such instances we feconis 
mend the usé of a grees ng: Where this is not used beef tallow at blood.« 

warm temperature should be applied and then driéd in either by artificial 

heat or the sun, The addition of beeswax to the tallow will be of some ser- 

vice if the belts are used in wet or damp places, Our experience convinces 

oe that resin should never be used on leather belling. (Fayerweather & 
lew. 

_; _Belts should not be soaked in water before oiling, and penetrating otis 

_ ‘should but seldom be used, except occasionally when a belt gota very dry 
_ and husky from Deplect, It may then be moistened a little, andjhave neat’s- 

foot oil applied. Frequent applications of such oils to a new belt render the 
_ leather soft and flabby, thus causing it to stretch, and making it liable to 

run out of line. A composition of tallow and oil, with alittle resin or beés- 
wax, is better to use. Prepared castor-oil dressing is good, and may be 
applied with a brush or rag while the belt is running. (Alexander Bros.) 

ement for Cloth or Leather, (Molesworth.)—16 i paige gitta- 
percha, 4 india-rubber, 2 pitch, 1 shellac, 2 linseed-oil, cut sm , melted to- 
géther and well mixed. 

_ _ Rubber Belting,—The advantages claimed for fubber belting are 

" Peet uniformity in width and thickness; it will endure a great degree of 
heat and cold without injury; it is also specially adapted for use in damp or 

wet places, or wheré exposed to the action of steam; it is very durable, and 

has great tensile strength, and when adjusted for service it hasth most per- 
fect liold oni the pulleys, hetice is less liable to slip than leather. 

__ Never use animal oil or grease on rubber belts, as it will greatly injure and 

- 800n déstroy them, 

Rubber belts will be improved, and their durability increased, by putting 
on with 4 paintet’s brush, and letting it dry, a composition made of equal 
abel of red lead, black lead, French yellow, and litharge, mixed with boiled 

inseed-oil and japan enough to make it dry quickly. The effect of this will 
be to produce a finely polished surface. If, from dust or other cause, the 
beit should slip, it should bé lightly moistened on the side next the pulley 

_ with boiled linseed-oil. (From circulars of manufactiirers.) 

The best conditions are large pulleys and high speeds, low tension and re- 
duced width of belt. 4000 ft. per min, is not an excessive speed on proper 

sized pulleys. 

; .P. of 44-ply rubber belt = (length of are of contact on smaller pulley 

in ft. x width of belt in ins. x revs. per min.) + 825. For a 6-ply belt mul- 

_ tiply by 1%, for a 6-ply by 124, for a 7-ply by 2, for an 8-ply by 2144. When 

the prone: weight of duck is used a 8- or 4-ply rubber belt is equal to asingle 

leather belt and a 5- or 6-ply rubber to a double leather belt, When the 
are of contact is 180°, H.P. of a 4-ply belt = width in ins, x velocity in ft, 
per min. + 650. (Boston Belting Co) ; 
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. TOOTHED-WHEEL GEARING, 


_ _ Pitch, Pitch-circle, ete.—If two cylinders with parallel axes are 
“4 Ereseed together and one of them is rotated onits axis, it will drive the other 
> by 


a 


means of the friction between the surfaces. The cylinders may be con- 

sidered as a pair of spur-wheels with an infinite number of very small teeth. 

_ If actual teeth are formed upon the cylinders, making alternate elevations 

_ and depressions in the cylindrical surfaces, the distance between the axes 

_ remaining the Same, we have a pair of gear-wheels which will drive ona an- 

_ other by pressure upon the faces of the teeth, if the teeth are properly 

shaped. In making the teeth the cylindrical surface may entirely {sap- 

_ pear, but the position it occupied may still be considered as a cylindrical 

_ surface, which is called the “ pitch-surface,*’ and its trace on the end of the 

1 wheel, or ona Bian’ ouriag ¢ e wheel at right angles to its axis, is called 

_ the “ pitch-circle” or “‘ pitch-line.” The diameter of this circle is called the 

_ pitch-diameter, and the distance from the face of one tooth to thé corre- 

: eponsing face of the next tooth on the Same wheel, measured on an are of 
the pitch-circle, is called the ‘' pitch of the tooth,” or the circular pitch, 

If two wheels having teeth of the same pitch are geared together so that 

their pitch-circles touch, it is a property of the pitch-circles that their diam- 

| eters are proportioha) to the number of teeth in the wheels, and vice versay: 
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thus, if one wheel is twice the diameter (measured on the pitch-circle) of the 
other, ithas twice as many teeth. If the teeth are properly shaped the 
linear velocity of the two wheels are equal, and the angular velocities, or 
speeds of rotation, are inversely pe poens to the number of teeth and to 
the diameter. Thus the wheel that has twice as many. teeth as the other 
will revolve just half as many times in a minute. 

The “pitch,” or distance measured on an arc of the pitch-circle from the 
face of one tooth to the face of the next, consists of two parts—the “‘ thick- 
ness’ of the tooth and the “‘space”’ between it and the next tooth. The 
space is larger than the thickness by a small amount called the ‘‘ back- 
lash,”’ which is allowed for imperfections of workmanship. In finely cut 
gears the backlash may be almost nothing. 
: ; The length of a tooth in the direc- 
tion of the radius of the wheel is 
called the “depth,” and this is di- 
vided into two parts: First, the 
“ addendum,” the height of the tooth 
above the pitch-line; second, the 
“dedendum,”’ the depth below the 
ote line, which is an amount equal 

0 the addendum of the mating gear. 
The depth of the space is usually 
iven a little “clearance” to allow 
‘or inaccuracies of workmanship, 
especially in cast gears. 
ferring to Fig. 153, pl, pl are the 
itch-lines, al the addendum-line, rf 
he root-line’ or dedendum-line, cl 
the clearance-line, and 6 the back- 


Fig. 153, 
lash. The addendum and dedendum are usually made eanal en other. 


No. of teeth ak é 
diam. of pitch-circle in inches — circular pitch’ 
diam. x 3.1416 _ 8.1416 

No. of teeth ~ diametral pitch’ x 
i : m. 

ow a use the term diametral pitch to mead n> of teath = 
cirouler pit but the first definition is the more common and the more 


convenient. A wheel of 12 in. diam. at the pitch-circle, with 48 teeth is 48/12 
= 4 diametral pitch, or simply 4 pitch, The circular pitch of the same 


wheel is 2X F1N6 _ 7954, or S488 _ 7954 in, 


Belation of Diametral to Circular Pitch. 


Diametral pitch = 
Circular pitch} = 


Diame-| Circular |Di2me-| Circular || Circular| Diame- 
tral | Pitch. | tra Pitch. }} Pitch, 


Pitch. Pitch. ch. 
ig 3.142in.} 11 -286 in, a6 wee 8.851 
1 12 . 8.590 
2 1.571 14 2224 2 13/16 3.867 

1.396 16 196 1% 4% 4.189 
1.257 | 18 3 1 11/16 | 4/570 
ZA 1.142 20 157 1 1,933 56 5.027 
3 1.047 22 143 1 2.094 9/16 5.585 
336 2898 24 2181 1 7/16 2.185 % 6.283 
4 r 26 2121 1 2.285 G/16 7.181 
5 .628 28 112 1 5/16 2.394 a) 8.378 
6 2524 30 105 4 2.513 /16 10.053 ~ 
q 449 82 1 3/16 2.646 12.566 
8 393 36 -087 1% 2.793 3/16 16.755 
9 2349 40 079 11/16 2.957 25.138 
10 814 48 .065 3.142 1/16 50.266 
5 diam. X 3.1416 .. cire. pitch X No. of teeth 
=. ee Se cee ea 
Since circular pitch No. of teeth ? diam. 3.1416 


which always brings out the diameter as a number with an inconvenient. 
% 1 
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_ fraction if the pitch is in even inches or simple fractions of an inch. By the 

_ diametral-pitch system this inconvenience is avoided. The diameter may 

_ be in even inches or convenient fractions, and the number of teeth is usually 
an even multiple of the number of inches in the diameter. 


Diameter of Pitch-line of Wheels from 10 to 100 Teeth 
of 1 in. Circular Pitch. 


| =| 
ata 
£3| Gs [ss 
Rl; A BR 
10 3.183 
11 8.501 
12 3.820 
13 4.1388 
14 4.456 
15 4.775 
1$ | 5.098 
17 5.411 
18 5.730 
ly 6.048 
» 20 6.366 
21 6.685 
22) 7.003 
23 | 7.82 
24 7.6389 
25 | 7.958 


For diameter of wheels of any other pitch than 1 in., multiply. the figures 

in the table by the pitch. Given the diameter and the pitch, to find the num- 

_ ber of teeth. Divide the diameter by the pitch, look in the table under 

_ diameter for the figure nearest to the quotient, and the number of teeth will 
be found opposite. 


Proportions of Teeth. Circular Pitch = 1. 


1, 2 3 4. 5 6. 
Depth of tooth above pitch-line...|.85 | .30. | .37| .33 | .30°| .30 
‘i ores’. Below. pee es -40 40 -43 Since fh eSO eoB5: 
Working depth of tooth........... -70 .60 -73 | .66 é ad 
_ Total depth of tooth .... 


» Clearance at root. ...........2 ¢00- 105 10 07 


Thickness of tooth... 45 45 147 | 45 | .475 | .485 

Width: Of SPACE .%  ccewed vcle nese os «54 55 -53.] °.55 | .525 | .515 

Backlash... .... Clk sp ssvacunece [009 10 -06 | .10 | .05 | .08 

Thickness of rim... 6. ...0.5..0055 eves wan 47} 45) .70 | .65 

(me 8 ET, ee 
ae 8. ee 10.* 


Depth of tooth above pitch-line. ..|.25 to .33 80 ; + 

ey “ “below pitch-line. ..|.85 to .42 |.35+-.08”” 369 1.157+P 
_ Working depth of tooth....!... .65 _ 
' Total depth of tooth..... 6 to .75 |.65+ .08” -687 2.157+P 
_ Clearance at root..... i 


| Thickness of tooth... ..... .-...,|-48 to 485] .48—.03/” |.48 to .5 4|1-p2 +B t0 


© Width of space.......scccceeeee ees -52 to .515].52+.08” |.52 to 54 |1-85 + Ete 

4 1 A CO RR Oro |) aee eee -04 te 08 |.04+.06 1.0 to .04 |0 to 0.6+P 

bs * In terms of diametral pitch. 

__ Avraoririzs.—1. Sir Wm. Fairbairn, 2,3. Clark, R. T. D.; “used by en- 

_ gineers in good practice.” 4. Molesworth. 5, 6. Coleman Sellers: 5 for 
east, 6 for cut wheels. 7,8. Unwin. 9, 10. Leading American manufacturers 

_ of cut gears. F 

_ Whe Chordal Pitch (erroneously called “true pitch” by some 

_ authors) is the length of a straight line or chord drawn from centre to 

_ ventre of two adjacent teeth. The term is now but little used. 


Nee 
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Chordal pitch = diam. of pitch-circle x sine of ——18° 


Novof teem Chordal 
pitch of a wheel of 10in, pitch diameter and 10 teeth, 10 x sin 18° = 3.0902 


in. Circular pitch of same wheel = 3.1416. Chordal pitch is used with chain 
or sprocket wheels, to conform ¢o the pitch of the chain. 


Formule for Determining the Dimensions of Small Gears, 
(Brown & Sharpe Mfg. Co.) 


P = diametral pitch, or the number of teeth to one inch of diameter of 
pitch-circle; 


= 


D’ = diameter of pitch circle 
D = whole diameter ........... 
N = number of teeth ... 


Wi Sveloeltyssisesshidc. pains ae eenr neo. These wheels 
’ AREA SS OOD Ss SR Re run 

d’ = diameter of pitch-circle........... .see-e- together, 

= WHOM IMIAMOLED SS. ae ce caine a seuce senso reas Smaller 

n = number of teeth .... ouge ees seseeee-| Wheel, 

Di WOLOCIUV anes be cher es eonrsersneceasgueseecrs 


a = distance between the centres of the two wheels; 
b = number of teeth in both wheels; 
t = thickness of tooth or cutter on pitch-circle; 
$s = addendum; 
D''= working depth of tooth; 


f=amount added to depth of tooth for rounding the corners and fot 


clearance; 
D''+ f = whole depth of tooth; 
w = 3.1416. 


P’= circular pitch, or the distance from the centre of one tooth to the 
centre of the next measured on the pitch-cirecle, 


Formule: for a single wheel: 


F Dx N 2 1 if 
P= D § iD as em D! = = = 285 sap =~ = 2189p; 
N N, N = PD’; D D. 
Beh TP ph, mB cll oar eet 
Ld N+2, t. 1 T : 
P=s5! D= rm =z ¢+f=5(14+35)=.sb05P 
P= Dds t= 1S _ 4p, 
Formule for a pair of wheels: 
6 = 2aP; neo? Da T+), 
N=: o= APF, d= nt, 
NV 6 
SE snl iant i. Oat 
bv mw. D! + a 
Nesp Vay} a= r 
bv. 2a 200 
het oS 4) Ar ad faery 3 


The following proportions of gear- wheels are recommended by Prof. Cole- 
man Sellers, Meshovene Traicator April, 1892.) “f 


a 


' 
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= 1 


Proportions of Gear-wheels, 


: Inside of Pitch-line. Width of Space. 
as 
Pa i 
22 | Circular ae td PAE peered For Cut | For Cast | For Cut 
& | Pitch. Ri f Spurs. Spurs or | Bevels or 
a PX. or for Cast ih 
= Spurs. PX 85 evels. Spurs. 
Px 4 PX 525. | Px 61 
agony 1075 :100 | 088"- | 181 128 
12 -2618 -079 105 -092 187 i iad 
10 131416 094 «126 11 .165 16 
113 -150 131 .197 194 
8 8927 +118 1157 187, 206 ‘ 
q 4477 134 179 .157 235 5 
6 | 5236 ier ‘309 “Tee 4 ; 
2 209° ? 27 } 
9/16 169 1225 ’ “208 39 
+188 «25 +219 «828 319 
5 62832 188 251 «22 33 82 
4 +225 8 .263 +894 
4 7854 +236 314 275 412 401 
- Y ee We s 459 5 
i ; ; 5 «525 ‘ 
— 8 | 1.0472 -814 419 364 55 33 
s 1 -838 345 394 591 574 
ss 234) 1.1424 -343 -457 -40 .583 
¢ 1 4 375 5 = 656 -638 
246) 1.25664 877 503 44 641 
1 413 «55 +481 3722 701 
1 45 6 525 785 765 
i 2 | 1.5708 471 «628 55 825 ‘ 
194 5b 4 “618 1219 138 
A ° < «02 
114] 2.0944 -628 838 133 1.1 1,068 
214 675 9 -788 1.181 1,148 
3 75 1:0 “875 11995 
4 1.1 1.408 
1:2 1.53 
1.2 1.602 
1 1.657 
F 1.785 


= Thickness of rim below root = depth of tooth, 
ie, Width of Teeth.—The width of the faces of teeth is generally made 
§ a 


| from 2 to 3 times the circular pitch —from 6.28 to 9.42 divided by the diam. 
etral pitch. There is no standard rule for width, 


ie The following sizes are given in a stock list of cut gears in ‘“‘ Grant’s 
pepGears: ” 
Diameter pitch..... 3 4 6 8 12 16 
face, inches..... ++. Sand4 2% 18and2 4 and1¥ %and1 1% and 5 


_ The Walker Company give: 
_ Circular pitch,in.. 146 % % % Dede 85 UTR Gadi fee} 
“Grout aad cowed CUM) Dg ih 194. OR Beg alg. WO) Thee Octaié 8b 


__ wtules for Calculating the Speed of Gears and Palleys.— 
‘The relations of the size and speed of te and driven gear wheels are 
the same as those of belt pulleys. In calcu Feel do gears, multiply or 

_ divide by the-diameter of the pitch-cirele or by the number of teeth, as 
“May be required. In calculating for pulleys, multiply or divide by their 

_ diameter in inches. , 

_ _ if D = diam. of driving wheel, d = diam. of driven, R = revolutions per 

| minute of driver, 7 = revs. per min, of driven. 

af R=rd+D; r=RD+d; D=dr+R; d=DR+r, 

_ If N= number of teeth of driver and 2 = number of teeth of driven, 

F Naar+kR; n= NR+7; R=in+Ny r= RNLN, 


I 


892 GEARING. 


To find the number of revolutions of the last wheel at the end of a train 
of spur-wheels, all of which are in a line and mesh into one another, when 
the revolutions of the first wheel and the number of teeth or the diameter 
of the first and last are given: Multiply the revolutions of the first wheel by 
its number of teeth or its diameter, and divide the product by the number 
of teeth or the diameter of the last wheel. 

To find the number of teeth in each whee) for a train of spur-wheels, 
each to have a given velocity: Multiply the number of revolutions of the 
driving-wheel by its number of teeth, and divide the product by the number 
of revolutions each wheel is to make. ; 

To find the number of revolutions of the last wheel in a train of wheels 
and pinions, when the revolutions of the first or driver, and the diameter, 
the teeth, or the circumference of all the drivers and pinions are given: 
Multiply the diameter, the circumference, or the number of teeth of all the 
driving-wheels together, and this continued product by the number of revo- 
lutions of the first wheel, and divide this product by the continued product 
of the diameter, the circumference, or the number of teeth of all the driven 
wheels, and the quotient will be the number of revolutions of the last wheel. 

ExampLe.—1, A train of wheels consists of four wheels each 12 in. diameter 
of pitch-cirele, and three pinions 4, 4, and 3in. diameter. The large wheels 
are the drivers, and the first makes 386 revs. per min. Required the speed 
of the last wheel. 


36 x 12 x 12 x 12 
4xX4x3 

2. What is the speed of the first large wheel if the pinions are the drivers, 
the 8-in. pinion being the first driver and making 36 revs. per min.? 

86xX3x4x4 

12 X 12 x 12 

Milling Outters for Interchangeable Gears.—The Pratt & 

Whitney Co. make a series of cutters for cutting epicycloidal teeth. The 

number of cutters to cut from a pinion of 12 teeth toa rack is 24 for each 

pitch coarser than 10, The Brown & Sharpe Mfg. Co. make a similar series, 


and also a series for involute teeth, in which eight cutters are made for 
each pitch, as follows: 


= 1296 rpm. 


=1rpm. Ans. 


NOs os ox Reise 1, 2. 3. 4, 5. 6. a 8. 
Will cut fro: 135 55 35 26 21 17 14 12 
to Rack 134 54 34 25 20 16 13 


FORMS OF THE TEETH. 


In order that the teeth of wheels and pinions may run together smoothly 
and with a constant relative velocity, it is necessary that their workin 
faces shall be formed of certain curves called odontoids. The essentia’ 
property of these curves is that when two teeth are in contact the common 
normal to the tooth curves at their point of contact must pass through the 
pitch-point, or point of contact of the two pitch-circles. Two such curves 
are in common use—the cyloid and the involute. 

The Cycloidal Tooth.—In Fig. 154 let PL and pl be the pitch-circles 
of two gear-wheels; GC and ge are two equal generating-circles, whose radii 
should be taken as not greater than one half of the radius of the smaller 
pitch-circle. If the circle gc be rolled to the left on the larger pitch-circle 
PL, the point O will describe an epicycloid, oefgh. If the other generating- 
circle GC be rolled to the right on PL, the point O will describe a hypocy- 
cloid oabcd. These two curves, which are tangent at O, form the two parts 
of a tooth curve for a gear whose pitch-circle is PL. The upper part oh is 
called the face and the lower part od is called the flank, If the same circles 
be rolled on the other pitch-circle pl, they will describe the curve for a tooth 
of the gear pl, which will work properly with the tooth on PL. 

The pre curves may be drawn without actually rolling the generat- 
ing-circle, as follows: On the line PL, from O, step off and mark equal dis- 
tances, as 1,2, 3, 4, etc. From 1, 2, 3, etc., draw radial lines toward the centre 
of PL, and from 6, 7, 8, etc., draw radial lines from the same centre, but be- 
yond PL. With the radius of the generating-circle, and with centres suc- 
cessively placed on these radial lines, draw arcs of circles tangent to PL at 
123,678, etc. With the dividers set to one of the equal divisions, as O,, 
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step off 1a and 6e; step off two such divisions on the circle from 2 to b, and 
_ from 7 tof; three such divisions from 3 to c, and from 8 to g; and so on, thus 
locating the several points abcdH and efgk, and through these points draw 
the tooth curves. 
The curves for the mating tooth on the other wheel may be found in like 
_ manner by drawing ares of the generating-circle tangent at equidistant 
- points on the pitch-circle pl. ee ate s 
The tooth curve of the face oh is limited by the addendum-line x or Tye 


ge 


Pp 
was 
Sena 


aN 
hy 
be 
BH 


Fia. 154, 


_ and that of the flank oH by the root curve R or R,. Rand r represent the 
rout and addendum curves for a large number of small teeth, and Ry,r the 
__ like curves for a small number of large teeth. The form or appearene: of 
_ the tooth therefore varies according to the number of teeth, while the pitch. 
circle and the generating-circle may remain the same. 
In the cycloidal system, in order that a set of wheels of different diam- 
eters but equal pitches shall all correctly work together, it is necessary that 
_ the generating-circle used for the teeth of all the wheels shall be the same, 
and it should have a diameter not greater than half the diameter of the pitch- 
_ line of the smallest wheel of the set. The customary standard size of the 
-generating-circle of the cycloidal system is one having a diameter equal to 
the radius of the pitch-circle of a wheel having 12 teeth. (Some gear- 
makers adopt 15 teeth.) This circle gives a radial flank to the teeth of a 
wheel having 12 teeth. A pinion of 10 or even a smaller number of teeth 
can be made, but in that case the flanks will be undercut, and the tooth will 
not be as strong asa tooth with radial flanks, If in any case the describing 
circle be half the size of the pitch-circle, the flanks will be radial; if it be 
_ less, they will spread out toward the root of the tooth, giving a stronger 
_ form; but if greater, the flanks will curve in toward each other, whereby the 
_ teeth become weaker and difficult to make. 
In some cases cycloidal teeth for a pair of gears are made with the gener- 
_ ating-circle of each gear,fhaving a radius equal to half the radius of its pitch- 
circle. In this case each of the gears will have radial flanks. This method 
makes a smooth working gear, but a disadvantage is that the wheels are 
pot hae with other wheels of the same pitch but different num- 
rs of tee 
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cloidal system is equivalent to a wheel with an infinite 
ener ‘Ot Yoeth, Tne pitch is equal te the circular Flee of the niating 
gear. Both faces and flanks are cycloids formed by rolling the generating- 
cirele of the mating -wheel on each side of the straight pitch-line of 
the rack, 


7 @ 


ry B 


Fia. 155, 


- 
1 
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_ the eut the angle is 20°. From thé centres of the pitch-cireles draw circlese 
_ and d tangent to the line AB. These circles are called base-lines or base- 
_cireles, from which the involutes F and K aredrawn. By laying off conven- 

jent distances, 0, 1, 2, 8, which should each be less than 1/10 of the diameter 
_ of the base-circle, small ares can be drawn with successively increasing 
_ radii, which will form the involute, The involute extends from the points #' 


Fig. 156. 


_ and K down to their respective base-circles, where a tangent to the invo- 
_ lute becomes a radius of the cirele, and the remainders of the tooth curves, 
as Gand H, are radial straight lines. 
_ . In the involute system the customary standard form of tooth is one 
having an angle of obliquity of 15° (Brown and Sharpe use 1414°), an adden- 
dum of about one third the cireular pitch, and a clearance of about one 
eighth of the addendum. In this system the smallest gear of a set has 12 
teeth, this being the smallest number of teeth that will gear together when 
- made with this angle of obliquity. In gears with less than’30 teeth the 
q Bate of the teeth must be slightly rounded over to avoid interference (see 
_ Grant’s Teeth of Gears). All involute teeth of the same pitch and with the 
_ Sane angle of obliquity work smoothly together, The rack to gear with an 
_ involute-toothed wheel has straight faces on its teeth, which make an angle 
_ with the middle Jine of the tooth equal to the angle of obliquity, or in the 
standard form the faces are inclined at an angle of 30° with each other, - 
To draw the teeth of a rack which is to gear with an inyolute wheel (Fig. 
_ 157).—Let AB be the pitch-line of the rack and 47=J/’=the piteh, Through 


Fig, 157, 


the pitch-point Tdraw HF at the given angle of obliquity. Draw AF and 
IF perpendicular to HF. Through Hand F' draw lines EGG! and FH par- 
allel to the pitch-line, GG’ will be the addendum-line and HF the flank- 
line. From / draw IK perpendicular to AB equal to the greatest addendum 
_ in the set of wheels of the given pitch and obliquity plus an allowance for 
_ clearance equal to % of the addendum, ped K, parallel to AB, draw 
_ the clearance-line. The fronts of the teeth are planes perpendicular to EF, 
_ and the backs are planes inclined at the same angle to AB in the contrary 
direction, The outer half of the working face AH may be slightly curved. 
Mr. Grant makes it a circular are drawn from a centre on the pitch-line 
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with a radius = 2.. inches divided by the diametral pitch, or .67 in. x cire 
cular pe 

To Draw an Angle of 15° without using a Protractor.—From C,on the 

line AC, with radius AC, draw 

B an arc AB, and from A, with 

the same radius, cut the arc at 

B. Bisect the arc BA by draw- 

ing small ares at D from 4 and B 

D. as centres, with the same radius, 

which must be greater than one 

half of AB. Join Dé, cutting BA 

at HE. The angle HCA is 30°. Bi- 

sect the arc AZ in like manner, 
and the angle #'CA will be 15°, 

A propery of involute-toothed 
wheels is that the distance between 
the axes of a pair of gears may be 

c altered to a considerable extent 

without interfering with their ac- 

Fic. 158 tion. The backlash is therefore 

ee variable at will, and may be ad- 

justed by moving the wheels farther from or nearer to each other, and may 

thus be adjusted so as to be no greater than is necessary to prevent jam- 
ming of the teeth. . 

The relative merits of cycloidal and involute-shaped teeth are still a sub- 
ject of dispute, but there is an increasing tendency to adopt the involute 
tooth for all purposes. b 

Clark (R. T. D., p. 784) says: Involute teeth have the disadvantage of 
being too much inclined to the radial line, by which an undue pressure is 
exerted on the bearings. “ ‘ 

Unwin (Elements of Machine Design, 8th ed., p. 265) says: The obliquity 
of action is ordinarily alleged as a serious objection to involute wheels, Its 
importance has perhaps been overrated. 

George B. Grant (Am. Mach., Dec, 26, 1885) says: 

1. The work done by the friction of an involute tooth is always less than 
the same work for any possible epicycloidal tooth. 

2. With respect to work done by friction, a change of the base from & 
gear of 12 teeth to one of 15 teeth makes an improvement for the epicycloid 
of less than one half of one per cent, 

3. For the 12-tooth system the involute has an advantage of 11/5 per 
cent, and for the 15-tooth system an advantage of 34 per cent, 

4, That a maximum improvement of about one per cent can be accom- 
plished by the adoption of any possible non-interchangeable radial flank 
tooth in preference to the 12-tooth interchangeable system. 

5. That for gears of very few teeth the involute has a decided advantage. 

6. That the common opinion among millwrights and the mechanical pub; 
lic in general in favor of the epicycloid is a prejudice that is founded on 
long-continued custom, and not on an intimate knowledge of the properties 
of that curve. | 

Wilfred Lewis (Proc. Engrs. Club of Phila., vol. x., 1893) says a strong 
reaction in favor of the involute system is in progress, and he believes thas 
an involute tooth of 2214° obliquity will finally supplant all other forms. 

Approximation by Circular Arcs.—Having found the form of 
the actual tooth-curve on the drawing-board, circular ares may be found by 
trial which will give approximations to the true curves, and these may be 
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A 
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- used in completing the drawing and the pattern of the gear-wneels. The 
_ roct of the curve is connected to the clearance by a fillet, which should be 
__ as large aspossible to give increased strength to the tooth, provided it is not 
- jarge enough to cause interference. 

Molesworth gives the following method of construction by circular arcs: 

From the radial line at the edge of the tooth on the pitch-line, lay off the 

line HK at an angle of 75° with the radial line; on this line will be the cen- 
tres of the root AB and the point EF. ‘The lines struck from these centres 
- are shownin thick lines. Circles drawn through centres thus found will 
give the lines in which the remaining centres will be. The radius DA for 
. striking the root AB is = pitch + the thickness of the tooth. The radius 
_ CE for striking the point of the tooth HF' = the pitch. 5 
__ George B. Grant says: It is sometimes attempted to construct the curve 
_ by some handy method or empirical rule, but such methods are generally 
_ worthless. 

Stepped Gears.--Two gears of the same pitch and diameter mounted 
side by side on the same shaft will act as a single gear. If one gear is keyed 
on the shaft so that the teeth of the two wheels are not in line, but the 
teeth of one wheel slightly in advance of the other, the two gears form a 
stepped gear. If mated witha similar stepped gear on a parallel shaft the 
number of teeth in contact will be twice as great as in an ordinary gear, 
which will increase the strength of the gear and its smoothness of action. 
| &wisted Teeth.—lIf a great number of very thin gears were placed 

together, one slightly in advance of the other, they would still act asa 
_ stepped gear. Continuing the subdivision until the 
thickness of each separate gear is infinitesimal, the 
wees of the teeth instead of being in steps take the 
' form of a spiral or twisted surface, and we have a 
twisted gear. The twist may take any shape, and if it is 
in one direction for half the width of the gear and in the 
opposite direction for the other half, we have what is 
known as the herring-bone or double helical tooth. The 
_ obliquity of the twisted tooth if twisted in one direction 
- causes an end thrust on the shaft, but if the herring- 

bone twist is used, the opposite obliquities neutralize 
- each other. This form of tooth is much used in heavy 
_ rolling-mill practice, where great strength and resistance 
to shocks are necessary. They are frequently made of 
steel castings (Fig. 160), The angle of the tooth with a 2 < 

line parallel to the axis of the gear is usually 30°. Fia. 160. 

_ Spiral Gears.—If a twisted gear has a uniform twist it becomes a 
spiral gear. ‘The line in which the pitch-surface intersects the face of the 
tooth is part of a helix drawn on the pitch-surface. A spiral wheel may be 
made with only one helical tooth wrapped around the eylinder several 
times, in which it becomes a screw or worm, If it has two or three teeth 
so wrapped, it is a double- or triple-threaded screw or worm, A spiral-gear 
4 papching into a rack is used to drive the table of some forms of planing- 
machine. 
 Worm-cearing.—When the axes of two spiral gears are at right 
angles, and a wheel of one, two, or three threads works with a larger wheel 
of many threads, it becomes a worm-gear, or endless screw, the smaller 


Fie. 161, 


a 

- wheel or driver being called the worm, and the larger, or driven wheel, the 
_ worm-wheel. With this arrangement a high velocity ratio may be obtained 
_ with a single pair of wheels. For a one-threaded wheel the velocity ratio is 
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the number of teeth m the worm-wheel. The worm and wheel are com- 
monly so.constructed that the worm will drive the wheel, but the wheel will 


not drive the worm. 

To find the diameter of 
pitch of the worm being given: Add 2 
sum by 0.3188, and by the pitch of the 


To find the number of teeth, diameter at 
given: Divide 3.1416 times the diameter by 


the quotient. 
In Fig. 161 ab is the diam. of the 
EXAMPLE.—Pitch of worm 14 
at the throat. (70+ 2) « 3168 
Teeth of Bevel-wheels, 


@ worm-wheel at the throat, number of teeth and 


to the number of teeth, multiply the 
worm in inches. 

throat and pitch of worm being 
the pitch, and subtract 2 from 


pitch-circle, cd is the diam. at the throat, 
in., number of teeth 70, required the diam. 
*.25 = 5.78 in. ; 

(Rankine’s Machinery and Millwork.)— 
The teeth of a bevel-wheel have acting 


surfaces of the conical kind, gen- 


erated by the motion of a line traversing the apex of the conical pitch- 
surface, while a point in it is carried round the traces of the teeth upon a 


spherical surface described about 


that apex. 


The operations of drawing the traces of the teeth of bevel-wheels exactly, 


whether by involutes or by rolling 


curves, 


are in every respect analogous to 


those for drawing the traces of the teeth of spur-wheels; except that in the 
case of bevel-wheels all those operations are to be performed on the surface 


of a sphere described about the apex, 


poles for centres and great circles for 


In consideration of the practical difficulty, 


instead of on a plane, substituting 
straight lines. 
especially in the case of large 


wheels, of obtaining an accurate spherical surface, and of drawing upon it 


when obtained, the following approximate 


Tredgold, is generally used: 

Let O, Fig. 162, be the 

pair of bevel-wheels; OC, OC’, 
Oo 


EMM ~ \ 


‘ WY 
B \\ Yy 


Se eae oe 'D’ 


Aria. 162. 


faces ABI, A’B’Tare spread out flat. 
developed arcs as for a pair of spur- 


common apex of the pitch-cones, OBI, OB’I, of a 
the axes of those cones; OJ their line of con- 


tact. Perpendicular to OI draw 
AIA’, cutting the axes in A, A’; 
make the outer rims of the patterns 
and of the wheels portions of the 
cones ABI, A’B’I, of which the nar- 
row zones occupied by the teeth will 
be sufficiently near for practical pur- 
poses to a spherical surface described 
about O. As the cones ABI, A’B/I 
cut the pitch-cones at right angles in 
the outer pitch-circles JB, IB’, they 
may be called the normal cones. To 
find the traces of the teeth upon. the 
normal cones, draw on a flat surface 
circular arcs, ID, ID’, with the radii 
AI, A’I; those arcs will be the de- 
velopments of ares of the piteh- 
circles IB, IB’ when the conical sur- 
Describe the traces of teeth for the 
wheels, then wrap the developed arcs 


on the normal cones, so as to make them coincide with the pitch-circles, and 
trace the teeth on the conical surfaces. 
For formule and instructions for designing bevel-gears, and for much other 


valuable information on the 
Gearing,” and ‘* Formulas in 


subject of gearing, see ‘‘ Practical Treatise on 
Gearing,” 


published by Brown & Sharpe Mf’g 


Co.; and ‘*‘Teeth of Gears,” by oi B. Grant, Lexington, Mass. The 


student may also consult Rankine’s 
Constructor, and Unwin's Plements of 
Gearing, by C. W. Mac 


achinery and Millwork, Reuleaux’s 
Machine Design. See also article on 


Cord in App. Cyc. Mech., vol. ii. 


Annular and Differential Gearing. (S. W. Balch., Am. Mach., 
Aug. 24, 1893.)—In internal gears the sum of the diameters of the describing 
circles for faces and flanks should not exceed the difference in the pitch 


diameters of the pinion and its internal gear, The sum ma; 
difference or it may be less; if it is equal, the faces of th 


be equal to this 
6 teeth of each 


wheel will drive the faces as well as the flanks of the teeth of the other 


wheel, The teeth will 
at the same time, 


therefore make 


Cycloidal tooth-curves for interchangeable 


ing circles of about 


| 5¢ the pitch diameter of t 
To admit two such circles between the pitch-circles of the pinion and internal ; 


contact with each other at two points 


Daa are formed with describ- 
e smallest gear of the series. 


method, proposed originally by - 
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This is a 
tlines as 


g circles may be omitted and one onl used, 
This will 


If a regular diametral pitch and standard tooth forms are determined on, 

_ the diameter to which the internal gear-blank is to be bored is calculated by 
subtracting 2 from the number of teeth, and dividing the remainder by the 
diametral pitch. 

The tooth outlines are the match of a spur-gear of the same number of 
teeth and diametral pitch, so that the Spur-gear will fit the internal gear as 
@ punch fits its die, except that the teeth of each should fail to bottom in 
the tooth spaces of the other by the customary clearance of one tenth the 
thickness of the tooth. 

Internal gearing is particularly valuable when employed in differential 

action. This is a mechanical movement in which one of the wheels is | 


tage in accomplishing the change of speed with such an arrangement, as 
mn tie 


tion may be completely set aside, and external and internal bevel-gears, 
differing by but a single tooth if need be, made to mesh perfectly with each 


__ Differential bevel-gears have been used with advantage in mowing-ma- 
chines. <A description of their construction and operation is given by Mr. 
Balch in the article from which the above extracts are taken, ; 
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s An extensive series of experiments on the efficiency of gearing, chiefly 

worm and spiral gearing, is described by Wilfred Lewis in Trans, A. 8. M.E., 
' vii. 273. The average results are shown in a diagram, from which the fol- 
E lowing approximate average figures are taken: 


EFFIcIENcy or Spur, SPIRAL, AND Worm Grarina. 


} 


Velocity at Pitch line in feet per min, 


Gearing. Bibelae fy okt oe iode us ey 
3 10 40 100 200 
SE Ea eee ee eee —— penny 
BET DIION  sconnmekchicehas -90 -935 97 -98 985, 
Spira pinion.. . : 
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The experiments showed the advantage of spur-gearing over all other 
kinds in both durability and efficiency. The variation from the mean results 
rarely exceeded 5% in either direction, so long as no cutting occurred, but 
the variatiun became much greater and very irregular as soon as cutting 
began. The loss of power varies with the speed, the pressure, the tempera- 
ture, and the condition of the surfaces. The excessive friction of worm and 
spiral gearing is largely due to thee nd thrust on the collars of the shaft. 

‘his may be considerably reduced by roller-bearings for the collars. 

When two worms with opposite spirals run in two spiral worm-gears that 
also work with each other, and the pressure on one gear is opposite that on 
the other, there is no thrust on the shaft. Even with light loads a worm 
will begin to heat and cut if run at too high a speed, the limit for safe work- 
ing being a velocity of the rubbing surfaces of 200 to 300 ft. per minute, the 
former being preferable where the gearing has to work continuously. The 
wheel teeth will keep cool, as they form part of a casting having a large 
radiating surface; but the worm itself is so small that its heat is dissipated 
slowly. Whenever the heat generated increases faster than it can be con- 
ducted and radiated away, the cutting of the worm may be expected to be- 
gin. A low efficiency for a worm-gear means more than the loss of power, 
since the power which is lost reappears as heat and may cause the rapid 
destruction of the worm. 

Unwin (Elements of Machine Design, p. 294) says: The efficiency is greater 
the less the radius of the worm. Generally the radius of the worm = 1.5 to 
8 times the pitch of the thread of the worm or the circular pitch of the 
worm-wheel. For a one-threaded worm the efficiency is only 2/5 to 14; 
for a two-threaded worm, 4/7 to 2/5; for a three-threaded worm, % to 14. 
Since so much work is wasted in friction it is not surprising that the wear 
is excessive. The following table gives the calculated efficiencies of worm- 
wheels of 1, 2, 3, and 4 threads and ratios of radius of worm to pitch of teeth 
of from 1 to 6, assuming a coefficient of friction of 0.15: 


No. of Radius of Worm + Pitch, 
Threads. — 
1 1144 1% 134 2 216 3 4 6 
1 50 44 40 36 33 28 251 .20| .14 
2 67 62 57 53 .50 -44] .40] .83] .25 
3 45 70 -67 .63 -60 55 aiett -43 83 
4 .80 -%6 73 70 .67 -62{ .57 | .50] .40 
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The strength of gear-teeth and the horse-power that may be transmitted 
by them depend upon so many variable and uncertain factors that it is not 
pizprising. that the formulas and rules given by different writers show a 
wide variation. In 1879 John H. Cooper (Jowr. Frank. Inst., July, 1879) 
found that there were then in existence about 48 well-established rules for 
horse-power and working pucoueett differing from each other in extreme 
eases about 500%. In 1886 Prof. Wm. Harkness (Proc. A. A. A. S. 1886), 
from an examination of the bibliography of the subject, beginning in 1796, 
found that according to the constants:and formulee used by various authors 
there were differences of 15 to 1 in the power which could be transmitted 
by a given pair of geared wheels. The various elements which enter into 
the constitution of a formula to represent the working strength of a toothed 
wheel are the following: 1, The strength of the metal, usually cast iron, which 
is an extremely variable quantity, 2. The shape of the tooth, and espec- 
ially the relation of its thickness at the root or point of least strength to the 
pitch and tothe length. 38. The point at which the load is taken to be ap- 
plied, assumed by some authors to be at the L pacrrapesne by others at the 
extreme end, along the whole face, and by still others at a single outer 
corner. 4, The consideration of whether che total load is at any time re- 
ceived by a single tooth or whether it is divided between two teeth. 5. The 
influence of velocity in causing a tendency to break the teeth by shock. 6. 
The factor of safety assumed to cover all the uncertainties of the other ele« 
ments of the problem. i 


' 
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Prof, Harkness, as a result of his investigation, found that all the formula 
on the subject might be expressed in one of three forms, viz.: 


Horse-power = OCVpf, or CVp?, or CVp?/; 


in which Cis a coefficient, V = velocity of pitch-line in feet per second, p = 
pitch in inches, and f = face of tooth in inches. 

From an examination of precedents he proposed the following formula 
for cast-iron wheels; 


¥ 


0.910V pf 
EP. = Vi 0.8T. 


He found that the teeth of chronometer and watch movements were sub- 
ject to stresses four times as great as those which any engineer would dare 
to use in like proportion upon cast-iron wheels of large size. 

It appears that all of the earlier rules for the strength of teeth neglected 
the consideration of the variations in their form; the breakin ig strength, as 
said by Mr. Cooper, being based upon the thickness of the teeth at the pitch- 
line or circle, as if the thickness at the root of the tooth were the same in 

_ allcases as it is at the pitch-line. 
g Wilfred Lewis (Proc. Eng’rs Club, Phila., Jan, 1893; Am. Mach., June 22, 
» 1893) seems to have been the first to use the form of the tooth in the con. 
_ struction of a working formula and table, He assumes that in well-con- 
_ structed machinery the load can be more properly taken as well distributed 
' across the tooth than as concentrated in one corner, but that it cannot be 
_ safely taken as concentrated at a maximum distance from the root less 
than the extreme end of the tooth. He assumes that the whole load is 
taken upon one tooth, and considers the tooth as a beam loaded at one end, 
and from a series of drawings of teeth of the involute, eycloidal, and radial 
flank systems, determines the point of weakest cross-section of each, and 
the ratio of the thickness at that section to the pitch. He thereby obtains 
the general formula, 
W = spfy; 


in which W is the load transmitted by the teeth, in pounds; s is the safe 
working stress of the material, taken at 8000 lbs. for cast iron, when the 
working speed is 100 ft. or less per minute; p = pitch; f = face, in inches; 
y = a factor depending on the form of the tooth, whose value for different 
cases is given in the following table: 


Factor for Strength, y. Factor for Strength, y. 


Peeth. | Tnvol Involut Teeth, Involute | Invol 
‘eeth. | Involute | Involute . eeth. | Involute | Involute * 
20° Obli- | 15° and | Radial 20° Obli- | 15° and | Radial 
quity. |Cycloidal ‘ quity. |Cycloidal BA 
“32 | 078 | .067 052 27 | 111 |  .100 064 

13 083 07 053 30 114 102 065 
14 088 072 054 34 118 104 066 
15 092 075 055 388 122 -107 067 
16 094 077 056 43 126 -110 068 
17 096 -080 057 50 730 112 -069 
18 098 083 058 60 134 114 070 
19 100 -087 059 % 138 116 071 

; 20 102 c 060 100 142 118 072 

y 21 104 -092 061 150 146 120 073 

23 106 094 062 800 150 122 074 

; 25 108 097 063 Rack 154 +124 i .0%5 

i Sts gle 

Sarge WorKine Struss, s, FoR DirFERENT SPEEDS. 

a 

" Speed of Teeth in 100 or} ,, 

BS ft. per minute. Toss" 200 300 | 600 | 990 | 1200 | 1800 | 2400 


Cast iron......+.......-- 8000] 6000] 4800) 4000/ 3000 ; 2400 | 2000 | 1700 
‘SITS SAL ape 20000} 15000! 12000| 10000! 7500 | 6000 | 5000 | 4300 
Steel. -----..-.--.---_--..| 20000) 15000! 12000| 100001 7500 | 6000 | 5000 | 4300. 
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__ The values of s in the above table are given by Mr. Lewis tentatively, in 
the absence of sufficient data upon which to base more definite values, but 
they have been found to give satisfactory results in practice. 

Mr. Lewis gives the following example to illustrate the use of the tables: 
Let it be required to find the working strength of a 12-toothed pinion of 1, 
inch pitch, 24-inch face, driving a wheel of 60 teeth at 100 feet or less per 

minute, and let the teeth be of the 20-degree involute 
form, Inthe formula W= spfy we haye for a cast-iron 
pinion s = 8000, pf = 2.5, and y =.078; and multiplying these 
values together, we have W = 1560 pounds. For the wheel 
we have y = ,184 and W = 2680 pounds. a 

The cast-iron pinion is, therefore, the measure of 
Strength; but if 4 steel pinion be substituted we have 
Sm 20.000 and W = 3900 pounds, in which combination 
the wheel is the weaker, and it therefore becomes the 
measure of strength, 

For beyel-wheels Mr, Lewis gives the following, refer- 
ring to Fig, 168: D-=large diameter of beyel; d= 
small diameter of bevel; p = pitch at large diameter; 
n = actual number of teeth; f = face of bevel; WV = for- 

Fia, 168, mative number of teeth = n % secant a, or the number 
corresponding to radius R; y = factor depending upon 
shape of teeth and formatiye number NV; W = working load on teeth, 


D- a { a 
W=xfismapa ay or, more simply, W = spfy—, 


which gives almost identical results when d is not less than % D, as is the 
ease in good practice. ' 

In Am. Mach., June 22, 1893, Mr, Lewis gives the following formule for 
the working strength of the three systems of gearing, which agree very 
closely with those obtained by use of the table: 


For involute, 20° obliquity, W=spf (154 - ae ) ; 
684 
For involute 15°, and cycloidal, W = spf( .124 --S*), 


For radial flank system, w= spf (075 - 6 ); 


in which the factor within the parenthesis corresponds to y in the generat 
formula. For the horse-power transmitted, Mr. Lewis’s general formula 
33,000 H.P. 


W = spfy, =~ **:, may take the form H.P. = ane. in which v = 


velocity in feet per minute; or since v = dz X rpm. idles -2618d  rpm.,in 
which d = diameter in inches and rpm, = revolutions per minute, 


We _ spfyxd xX rpm, 
, HP. = 33,000 = 196,050 


It must be borne in mind, however, that in the case of machines which 
consume power intermittently, such as punching and shearing machines, 
the gearing should be designed with reference to the maximum load W, 
which can be brought upon the teeth at any time, and not upon the average 

’ horge-power transmitted. 

Comparison of the Harkness and Lewis Formulas.— 
Take an average case in which the safe working strength of the material, 
s = 6000, » = 200 ft. per min., and y = .100, the value in Mr. Lewis's table 
for an involute tooth of 15° obliquity, or a cycloidal tooth, the number of 
teeth in the wheel being 27. ' 


601 ri 
ELP, = je ue we ~ ph = 1,091p/, 


if V is taken in feet per second. 
Prof. Harkness gives H.P,= Bi ede If the V in the denominatm 
ee ©=VT LOT 


= .000007933dspfy * rpm. 
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“be taken at 20) w= 9% feet per second, y1-0.0V = V8,167 = 1.78, 
and H,P. = alot = .b71pfV, or about 52% of the result given by Mr, Lewis’s 


formula. This is probably as close an agreement as can be expected, since 

_ Prof, Harkness derived his formula from an inyestigation of ancient prece- 

dents and rule-of-thumb practice, largely with common cast gears, while 
Mr. Lewis’s formula was derived from considerations of modern practice 

_ with machine-moulded and cut gears. 

_ Mr. Lewis takes into consideration the reduction in working strength of a 
tooth due to increase in velocity by the Heres in his table of the values of 
the safe working stress s for different speeds. Prof. Harkness gives expres- 
sion to the same reduction by means of the denominator of his formula, 


_ 71+0,657. The decrease in strength as computed by this formula is 
_ somewhat less than that given in Mr, Lewis’s table, and. as the figures given 
in the table are not based on accurate data, a mean between the values given 
by the formula and the table is probably as near to the true value as may 
be obtained from our present knowledge. The following table gives the 
values for different speeds according to Mr. Lewis’s table and Prof. Hark- 
ness’s formula, taking for a basis a working stress s, for cast-iron 8000, and 
for steel 20,000 Ibs. at speeds of 100 ft. per minute and less: 


_ = speed of teeth, ft, per min.. | 100 | 200 | 800 | 600 | 900 | 1200 | 1800 | 240¢ 
y= % ft. per sec., | 1%] 34 | 5 | 10 | 15 | 20 | 80 | 40 


 pafe stress s, cast-iron, Lewis... | 8000) 6000] 4800 its 8000] 2400] 2000] 1700 


’ Relative do., s + 8000..... Rote 20.98) 06 +375) 3 | 425 |,2125 
/ =1+¥71+0.657.. 4850) 8650) .8050} 2672) .2208] .1924 » 
Relative yal, ¢+-.693........ oe - 700) .526] ,489| .B85) .818) .277 


Aaa it | 811 . ; 
8, = 8000 X (ce + .698)...... .-..., | 8000} 6438] 5600) 4208) 3512] 8080} 2544] 2216 
Mean of s and s,, cast-iron = sq. | 8000) 6200) 5200) 4100) 3300) 2700) 2800) 2000 
pig 5i TE for steel = 53, 20000/15500/13000, 10300} 8100] 6800) 5700} 4900 
Safe stress for steel, Lewis... ... 120000/15000'12000|100001 7500) 6000} 5000} 4300 


Comparing the two formulze for the case of s = 8000, corresponding to a 
speed of 100 ft, per min., we have .; 


Harkness: H,P. = 1+ 71+0.65V x 10V pf = 695 x .91 x 184 pf = 1.051pfa 
irewic. _ spfyo _ spfyY _ 8000 x 36pfy _ 
Lewis: HP. = seam SS te = 550 = 24.24pfy, 


' in which y varies according to the shape and number of the teeth. 


For radial-flank gear with 12 teeth Yy = 052; 24.24pfy = 1,260pf 3 
For 20° involute, 19 teeth, or 15° iny., 27 teeth y = .100; 24.24pfy = 2.424pf's 
For 20% involute, 300 teeth Y = 150; 24.24 pfy = 3.636pf. 


Thus the weakest-shaped tooth, according to Mr, Lewis, will transmit 20 
_ per cent more horse-power than is given by Prof. Harkness’s formula, in 
which the shape of the tooth is not considered, and the average-shaped 
tooth, according to Mr. Lewis, will transmit more than double the horse 
power given by Prof. Harkness’s formula. 

Comparison of Other Formulz.—Mr. Cooper, in summing up 
his examination, selected an old English rule, which Mr, Lewis considers as 
@ passably correct expression of good general averages, viz. : X = 2000pf, 
X = breaking load of tooth in pounds, p = pitch, f = face. If a factor of 
safety of 10 be taken, this would give for safe working load W = 200pf, 

George B. Grant, in his Teeth of Gears, page 33, takes the breaking load 
at 3500p/f, and, with a factor of safely of 10, gives W = 350p/. 

Nystrom’s Pocket-Book, 20th ed., 1891, says : ‘* The strength and durabilit: 
of cast-iron teeth require that they shall transmit a force of 80 lbs. per ine’ 
of pitch and per inch breadth of face.”’ This is equivalent to W = 80pf, or 
only 40% of that given by the English rule, 

. A. Halsey (Clark’s Pocket Book) gives:a table calculated from the 
formula E.P. = pfd X rpm. + 850, 
Jones & Laughlins give H.P. = pfd & rpm. + 550. 


These formule transformed give W= 128pf and W = 218p/f, respectively, 


a ee ee ee ee 
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Unwin, on the assumption that the load acts on the corners of the teetn, 
derives a formula p = K / W, in which K is a coefficient derived from ex- 
isting wheels, its values being : for slowly moving oaens not subject to 
much vibration or shock K = .04; in ordinary mill-gearing, running at 
greater speed and subject to considerable vibration, K = .05; and in wheels 
subjected to excessive vibration and shock, and in mortise gearing, K = .06. 
Reduced to the form W= Cpf, assuming that Sf = 2p, these values of K give 
W = 262pf, 200pf, and 139pf, respectively, 

Unwin also gives the following formula, based on the assumption that the 


pressure is distributed along the edge of the tooth: »= kK, V2 VW, 


where K, = about .0707 for iron wheels and .0848 for mortise wheels when 
the breadth of face is not less than twice the pitch. For the case of f= 
and the given values of K, this reduces to W= 200pf and W = 139pf, 
respectively. 


2 WV 
Box, in his Treatise on Mill Gearing, gives H.P. = Bet Van in whichn 


= number of revolutions ds minute. This formula differs from the more 
modern formule in making the H.P. vary as pf, instead of as pf, and in 
this respect it is no doubt incorrect. 


Making the H.P. vary as /dn or as Vv, instead of directly as v, makes 
the velocity a factor of the working strength asin the Harkness and Lewis 


formule, the relative strength varying as +e, or as bay » which for different 
velocities is as follows : 


Speed of teeth in ft. per min.,v = 100 200 800 600 900 1200 1800 2400 
Relative strength = 1 .707 .574 .408 .883 .289 1936 .204 


Showing a somewhat more rapid reduction than is given by Mr. Lewis. 
For the purpose of comparing different formule they may in general be 
reduced to either of the fo lowing forms ; 


H.P. = Cpfv, H.P.= C\pfdx rpm., W=ocpf, 


in which p = poe f= face, d = diameter, all in inches ; v = velocity in 
feet per minute, rpm. revolutions per minute, and C, 0; and c coefficients. 
The formule for transformation are as follows : 
Hp =” _ Wx4xrpm., 
Sin 1BO000} wr, 126,050.” 


_ 38,000 H.P. _ 126,050 H.P. aS: HP. Ww 
ee occ @xXrpm, = 2300Cpf; pf = “GaXtpm.- e° 


Cy = 26180; c= 83,0000; C= 3.820,, = ar c = 126,0500,. 


In the Lewis formula C varies with the form of the tooth and with the 
ee and is equal to sy -+- 33,000, in which y and s are the values taken from 
the table, and c = sy, mo 

In the Harkness formula C varies with the speed and is equal toi. 

01517 
V1i-+ Oliv. 

In the Box formula C varies with the pitch and also with the velocity, 
and equals 1p Va X rpm. = .02845 at ce = 33,0000 = 774 aes 

1000v ” “Wve 

For v = 100 ft. per min. C = see ; for v = 600 ft. per minute c =31.6p. 

In the other formule consider: G, C,, and care constants. Reducing 
the several formuls to the form W = cph, we have the following : 


(V being in feet per second), = 
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Comparison oF Dirrerent Forus~@ For STRENGTH oF GEAR-TEETH. 


Safe working pressure per inch pitch and per inch of face, or value of ¢ in 
formula W = cpf: 
v=100ft. v= 600 ft. 


per min, per min. 
Lewis: Weak form of tooth, radial flank, 12 teeth... c= 416 208 
Medium tooth, inv. 15°, or cycloid, 27 teeth.. c= 800 400 
Strong form of tooth, inv. 20°, 300 teeth...... ¢ = 1200 600 
Harkness: Average tooth....... SRB ASCE IAT Ripe AREER Ht 2 VG 184 
Box: Tooth of 1 inch pitch............ mineleld sleiatene chitin CS ate 31.6 
Hh, So) $68 INCHOM PILE. ve etaccrmieeia Si kdewiacite meee c= 282 95 


Various, in which ¢c is Bseedene of form and speed: Old English 
rule, ¢ = 200; Grant, c = 350; Nystrom, c= 80; Halsey, c = 128; Jones & 
Laughlins, ec = 218; Unwin, c = 262, 200, or 139, according to speed, shock, 
and vibration. 

The value given by yim and those given by Box for teeth of small 
pitch are so much smaller than those given by the other authorities that they 
may be rejected as having an entirely unnecessary surplus of strength. The 
values grep by Mr. Lewis seem to rest on the most logical basis, the form of 
the teeth as well as the velocity being considered; and since they are said to 
have proven satisfactory in an extended machine practice, they may be con- 
sidered reliable for gears that are so well made that the pressure bears 
along the face of the teeth instead of upon the corners. For rough ordi- 
nary work the old English rule W = 200pf is probably as good as any, ex- 
cept that the figure 200 may be too high for weak forms of tooth and for 
high speeds. 


The formula W = 200pf is equivalent to H.P. = pid rpm = Phe or 


630 165 
H.P. = .0015873pfd x rpm. = .006063pfv. 
Maximum Speed of Gearing.—A. Towler, Tng’9. April 19, 1889, 
p. 388, gives the maximum speeds at which it was possible under favorable 
conditions to run toothed gearing safely as follows: 


Ft, per min. 
Ordinary cast-iron wheels............ceccccccccsercc-cosseess oe+ 1800 
Helical #6 co Be ais sereaiaiettiee sts aincre sees 2400 
Mortise ‘“‘ ue tye . 2400 


Ordinary cast-steel wheels. 
Helical ha = sien 5 
Special cast-iron machine-cut wheel: 4 8000 


Prof. Coleman Sellers (Stevens Indicator, April, 1892) recommends that 
gearing be not run over 1200ft. per minute, to avoid great noise. The 
Walker Company, Cleveland, O., say that 2200 ft. per min. for iron gears and 
3000 ft. for wood and iron (mortise gears) are excessive, and should be 
avoided if possible. The Corliss engine at the Philadelphia Exhibition (1876) 
had a fly-wheel 30 ft. in diameter running 35 rpm. geared into a pinion 12 ft, 
diam. The speed of the pitch-line was 3300 ft. per min. 

A Heavy Machine-cut Spur-gear was made in 1891 by the 
Walker Company, Cleveland, O., for a diamond mine in South Africa, with 
dimensions as follows: Number of teeth, 192; piten aiameter, 30’ 6.66’’; face 
80’; pitch, 6’; bore, 27; diameter of hub, 9’ 2’”; weight of hub, 15 tons; and 
total weight of gear, 6634 tons. The rim was made ip 12 segments, the joints 
of the segments being fastened with two bolts each. The spokes were bolted 
to the middle of the segments and to the hub with four bolts in each end. 

Frictional Gearing.—In frictional gearing the wheels are toothless, 
and one wheel drives the other by means of the friction between the two 
surfaces which are pressed.together. They may be used where the power 
to be transmitted is not very great; when the speed is so high that toothed 
wheels would be noisy; when the shafts require to be frequently put inte 
and out of gear or to have their relative direction of motion reversed; or 
when it is desired to change the velocity-ratio while the machinery is in mo- 
Hon, asin the case of disk friction-wheels for changing the feed in machine 
tools. 

Let P = the normal pressure in pou at the line of contact by which 
two wheels are pressed together, 7 = tangential resistance of the driven 
wheel at the line of contact, f = the coefficient of friction, V = the velocity 
of the pitch-surface in feet per second, and_H,P. = horse-power; then 
T may be equal to or less than f/P; H.P. = TV +550, The value of 7 for 
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metal on metai say be taken at .15 to .20; for wood on metal, .25 to .80; and 
for wood on compressed paper, .20. The tangential driving force 7 may be 
as high as 80 lbs. per inch width of face of the driving surface, but this is ac- 
companied by great pressure and friction on the journal-bearings. 

In frictional grooved gearing circumferential wedge-shaped grooves are 
cut in the faces of two wheels in contact. If P = the force pressing the 
wheels together, and N= the normal pressure on all the grooves, P= N 
(sin a + f cos a), in which 2a = the inclination of the sides of the grooves, 
and the maximum tangential available force 7’= SN. The inclination of the 
sides of the grooves to a plane at right angles to the axis is usually 30°. 

Frictional Grooved Gearing.—A set of friction-gears for trans- 
mitting 150 H.P. is on a steam- dredge described in Proce, Inst. .M. E., July, 
1888, T'wo grooved pinions of 54 in. diam., with 9 grooves of 4 in, pitch and 
angle of 40° cut on their face, are geared into two wheels o 12744 in diam. 
similarly grooved. The wheels can be thrown in and out of gear by levers 
operating eccentric bushes on the large wheel-shaft. The circumferential 
speed of the wheels is about 500 ft. per min. Allowing for engine-friction, 
if half the power is transmitted through each set of gears the tangential 
force at the rims is about 3960 lbs., requiring, if the angle is 40° and the co- 
efficient of friction 0.18, a pressure of 7524 lbs. between the wheels and 
pinion to prevent slipping, 

‘The wear of the wheels proving excessive, the gears were replaced by spur- 
gear wheels and brake-wheels with steel brake-bands, which arrangement 
has proven more durable than the grooved wheels. Mr. Daniel Adamson 
states that if the frictional wheels had been run ata higher speed the results 
would have been better, and says they should run at least 20 ft. per second. 


HOISTING AND CON /EYING. 


Approximate Weight and Strength of Cor 3 t 
and Lockport Block Oo} es also pages 339 a 345, ipitesepiae 


Size i ize in | Veightof| Strengt oe ize in | Weight of| Strength 
Garou] Diam | LONE Jor Maaial Senin | Sie tn obese a 
7 ’ ope, ani 
ference.| eter. in lbs: in lbs, ference. | eter. di tbs” int ee 
a Tanck: pees ice inch. | inch. ar oe 
18 4,000 434 119/16 72 22,500 
2M ¥4 1 000 Bods 80 25,000 
a8 13/16 6,250 Big | 184 97 30,250 
| So8 | bs [oe | 8 | BR 
; 2 133 42,250 
84% | 11/16 33 10,500 7 34 153 49,000 
3 38 12,250 6 184 56,250 
334 A 45 14,000 8 2 211 64,000 
re 15/16 5 36.000 81g | 2% 236 72,250 
; 9 3 6: 
aig | 4 65 20,250 Fe he 


Working Strength of Blocks, (B. & L. Block Co.) 
Regular Mortise-blocks Single and Wide Mortise and Extra Heavy 


Double, or Two Double Iron- . Single and Double, or Two Doubl 
Strapped Blocks, will hoist about— iron-etrapped Blocks, will hoi! 
i about— 
inch, Ibs. inch, Ibs. 
id 250 8 2,000 
6 850 10 6,000 
v4 600 12 12,000 
8 1,200 14 24,000 
10 4000 is 50,000 
50. 
12 10,000 20 90, 
14 16,000 aie 


Where a double and triple block are used together, a certain extra pro 
tioned amount of weight can be safely hoiste , as larger hooks are wae 
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ee Comparative Efficiency in Chain-blocks both in 
Hoisting and Lowering, 


(Tests by Prof, R. H, Thurston, Hoisting, March, 1892.) 


Work or Horsmrna, Worx o Lowsnina, 
Load of 2000 Ibs. Load of 2000 Ibs., lowered 7 ft. in each case 


— Sete See 

Fr a S z Exclusive of Factor of Time. HENS - 
2}s.l8 fe : = a © 

a |2e/3e/8.| 3 Ba |e ee AEB aherag 

iS su |o € @ | B Q Fe) ° a. |On =| ob 

5 (Se /8,/28) 2] 22 |s8e] eee Bes] = | £8 
oe oe | eho aS | bt 8 oa PAS a i 
eo | 2™) ga ea URSA Be | Fes 288) 9 3 S 
g g 8 g o a8 6" la ho] g @ 
=] 3) ia S a 103 | R 
zZ 1B |< & Fe 
1 | 20.50] 79.50] 1.00 | 82,501 8.00 | 227. "7,816 | 1.00 0,75 11.000" 
2 | 68.00} 32,00) .40.] 62/44 14,00 | 436, 6,104 |. 3,83] 1.20] 1186 
3 69.00] 81.00} .89 | 80.00% 92/30 196. 18,090 | 10.00] 1.50 | .050 
4 71.20) 28.80) .86 | 28.008 92°60 168. 15,556 8.60] 2.50 | .035 
5 | 73.96) 26.04) .33 | 48.008 73.80} 17.5] 1982] 0.711 2°80] ‘gso 
§ | 75.66) 24.84) .81 | 53.00f 56.60 | 370: | 20'942 | 11:60] 1.80 | 036 
7% | 77,00) 28.00} .29 | 44.3 55.00 | 810. 17,050 9.40) 2.95 | .029 
8 | 81.03) 18.97] .24 | 61. 48.50 | 426. 20,000 | 11.60! 8.75 | -018 


No, 1 was Weston’s triplex block; No. 8, Weston’s differential; No. 4, 
Weston’s imported, The others were from different makers, whose names 
are not given. All the blocks were of one-ton capacity. 

Proportions of Hooks.—The following formule are given by 
Henry ne Towne, in his ‘Treatise on Cranes, as @ result of an extensive 
experimental and mathematical investi- al 
gation, They apply to hooks of capaci- 
Wes from 250 Ibs, to 20,000 Ibs. Each size 
of hook is made from some commercial 
size of round iron. The basis in each 
case is, therefore, the size of iron of 
which the hook is to be made, indicated 
by Ain the diagram. The dimension D 
_ is arbitrarily assumed. The other di- 

_ mensions, as given by the formule, are 

_ those which, while Dreserane a@ proper 
__ bearing-face on the interjor of the hook 
_ for the ropes or chains which may be 
passed through it, give the greatest re- _| 
sistance to spreading and to ultimate 
_ rupture, which the amount of material 
- in the original bar admits of, The sym- 

_ bol A is used to indicate the nominal ca- 
al saat of the hook in tons of 2000 lbs, 
he formule: which determine the lines 
of the other parts of the hooks of the 
_ Several sizes are as follows, the measure- 
_ ments being all expressed in inches: 
D=.5 A+1,25 G = .75D. ve Eo 
EH = .64A+-1.60 O = .268: A+ 66 T=, 4 
f= .3B3A+ 8 Q=.64 a+1'60 J=1204 N= (8B —.16 
K=1,184 Us .8664 
The dimensions.4 are necessarily based upon the ordinary merchant sizes 


of roundiron. The sizes which it has been found best to select are the 
following; 


_ Capacity of hook: 
» 4% 4% .% 1 1% 2 Cy ay: 6 8 10 tons, 
_ Dimension 4; 


% 1/10 3% IMIG 14 1% 1% R 24 OM 2% BYyin, 


Wl 
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Experiment has shown that hooks made according to the above formula 
will give way first by opening of the jaw, which, however, will not occur 
except with a load much in excess of the nominal capacity of the hook. 
This yielding of the hook when overloaded becomes a source of safety, as it 
constitutes a signal of danger which cannot easily be overlooked, and which 
must proceed to a considerable length before rupture will occur and the 
load be dropped, 


POWER OF HOISTING-ENGINES. 


Horse-power Reauared: re raise a Load at a Given 
Speed, —H.P, = St08s Weight in IPS, 5 speed in ft. per min. To this add 


25% to 50% for friction, contingencies, etc. The gross weight includes the 
weight of cage, rope, etc. In ashaft with two Vee balancing each other 
use the net load +- weight of one rope, instead of the gross weight. 

To find the load which a given pair of engines will start.—Let A = area 
of cylinder in square inches, or total area of both cylinders, if there are two; 
P= mean effective pressure in cylinder in lbs. per sq. in.; S = stroke of 
cylinder in inches; C = circumference of hoisting-drum in inches; L = load 
lifted by hoisting-rope in lbs.; #' = friction, expressed as a diminution of 


theload. Then L = 4225 _ p, 

An example in Coll’y Engr., July, 1891, is a pair of hoisting-engines 24” x 
40’, drum 12 ft. diam., average steam-pressure in cylinder = 59.5 lbs.; A = 
904.8; P= 59.5; S = 40; C= 452.4. Theoretical load, not allowing for friction 
AP28S + C= 9589 lbs. The actual load that could just be lifted on trial was 7988 
Ibs., making friction loss F = 1601 Ibs., or 20+ per cent of the actual load 
lifted, or 1 of the theoretical load. 

The above rule takes no account of the resistance due to inertia of the 
load, but for all ordinary cases in which the acceleration of speed of the 
cage is moderate, it is covered by the allowance for friction, ete, The re- 
sistance due to inertia is equal to the force required to give the load the 
velocity acquired in a given time, or, as shown in Mechanics, equal to the 


product of the mass by the acceleration, or R = ae in which R = resist- 


ance in lbs. due to inertia; W = weight of load in lbs.; V = maximum veloc- 
ity a foot per second; T = time in seconds taken to acquire the velocity V; 
g = 32.16. 

Effect of Slack Rope upon Strain in Hoisting.—A series of 
tests with a dynamometer are published by the Trenton Iron Co., which 
show that a dangerous extra strain may be caused by a few inches of slack 
rope. In one case the cage and full tubs weighed 11,300 Ibs.; the strain when 
the load was lifted gently was 11,525 lbs.; with 3 in. of slack chain it was 
19,025 lbs., with 6 in. slack 25,750 Ibs., and with 9 in. slack 27,950 lbs. 

Limit of Depth for Hoisting.—Taking the weight of a cast-steel 
hoisting-rope of 144 inches diameter at 2 Ibs. per running foot, and its em 
ing BORE at 84,000 Ibs., it should, theoretically, sustain itself until 42,000 
feet long before breaking from its own weight. But taking the usual factor 
of safety of 7%, then the safe working length of such a rope would be only 
6000 feet. If a weight of 3 tons is now hung to the rope, which is equivalent 
to that of a cage of moderate capacity with its loaded cars, the maximum 
rine a which such @ rope could be used, with the factor of safety of 7, is 

eet, or 


207 -+- 6000 = S400. .*. 2 = 8000 feet, 


This limit may be greatly increased by using special steel rope of higher 
strength, by using a smaller factor of safety, and by using taper ropes. 
(See paper by H. A. Wheeler, Trans. A. I. M. B., xix. 107.) 

Large Hoisting Records,—At a colliery in North Derbyshire dur- 
ing the first week in June, 1890, 6309 tons were raised from a depth of 509. 
yards, the time of winding being from 7 a.m, to 3.30 p.m. 

At two other Derbyshire pits, 170 and 140 yards in depth, the speed of 
winding and changing has been brought to such perfection that tubs are 
drawn and changed three times in one minute. (Proc, Inst. M. H., 1890.) 
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At the Nottingham Colliery near Wilkesbarre, Pa., in Oct. 1891, 70,152 tons 
were shipped in 24.15 days, the average hoist per day being 1318 mine cars, 
The depth of hoist was 470 feet, and all coal came from one opening. The 
engines were fast motion, 22 x 48 inches, conical drums 4 feet 1 inch long, 7 
_ feet diameter at'small end and 9 feet at large end. (Hng’g News, Nov. 1891.) 
Pneumatic Hoisting. (H.A. Wheeler, Trans. A. I. M. E., xix. 107,.)— 
A pneumatic hoist was installed in 1876 at Epinac, France, consisting of two 
continuous air-tight iron cylinders extending from the bottom to the top of 
the shaft. Within the cylinder moved a piston from which was hung the 
cage. It was operated by exhausting the air from above the piston, the 
lower side being open to the atmosphere. Its use was discontinued on ac- 
count of the failure of the mine. Mr. Wheeler gine @ description of the sys- { 
_ tem, but criticises it as not being equal on the whole to hoisting by steel ropes. 
_ Pneumatic hoisting-cylinders using compressed air have beer used at 
blast-furnaces, the weighted piston counterbalancing the weight of the cage, | 
and the two being connected by a wire rope passing over a pulley-sheave 
_ above the top of the cylinder. In the more modern furnaces steam-engine 
hoists are generally used. 
Counterbalancing of Winding-engines. (H.W. Hughes, Co- 
lumbia Coll. Qly.)—Engines running unbalanced are subject to enormous 
_ Yariations in the load; for Jet W = weight of cage and empty tubs, say 6270 
 bs.; c = weight of coal, say 4480 lbs.; 7 = weight of hoisting rope, say 6000 
_ Ibs.; r’ = weight of counterbalance rope hanging down pit, say 6000 lbs. The 
_ weight to be lifted will be: 


If weight of rope is unbalanced. If weight of rope is balanced. 


_ At beginning of lift: 
. W-+ce-+r— Wor 10,480 lbs, W+e+r—(W+r), 
At middle of lift: 


f or 
Weis ~( + £)or 4480 Ibs. WhetS+5-(w+i+t) ( He 


"At end of lift: 
— W+e-—(W-+r) or minus 1520 lbs, W+e+r—(W+r), 


_ .That counterbalancing materially affects the size of winding-engines is 
shown by a formula given by Mr. Robert Wilson, which is based on the fact 
' that the greatest work a winding-engine has to do is to get a given mass into 
_ @ certain velocity uniformly accelerated from rest, and to raise a load the 
distance passed over during the time this velocity is being obtained. 


Let W = the weight to be set in motion: one cage, coal, number of empty 
tubs on cage, one winding rope from pit head-gear to bottom, 
and one rope from banking Jevel to bottom. 

v = greatest velocity attained, uniformly accelerated from rest; 
9g = gravity = 32.2; 
~ = time in seconds during which v is obtained; 


£,= unbalanced load on engine; 
: & =ratio of diameter of drum and crank circles; 
; P = average pressure of steam in cylinders; 
a WV = number of cylinders; 
4 S = space passed over by crank-pin during time ¢; 
C= sf constant to reduce angular space passed through by crank, to 


the distance passed through by the piston during the time ¢; 
f A= area of one cylinder, without margin for friction. To this an ad- 
} fake a Fs etc., of engine is to be made, varying from 10 
a 0 80% of A. : 


Ist. Where load is balanced, 
4={ re) 38 (1) le 


PNSC. 


2d. Where load is unbalanced: 


_ The formula is the same, with the addition of another term to allow for 
_ the variation in the lengths of the ascending and descending ropes. In this 


_ fase 


91 HOISTING. 


h, = reduced iength of rope in ¢ attached to rig pee, eager 
is Ing cages 


So 


hg = increased length of rope in ¢ attached to descen 
= weight of rope per foot in pounds. Then 


4alCS tee ee 
PNSC. 


Applying the above formula when designing new engines, Mr. Wilson 
found that 30 inches diameter of cylinders would produce equal results,when 
Sarre ee: to those of the 36-inch cylinder in use, the latter being unbal. 
anced, , 
Counterbalancing may be employed in the following methods : 


(a) Tapering Rope.—At the initial stage the tapering rope enables us to 


wind from greater depths than is possible with ropes of uniform section, 
The thickness of such a rope at any point should only be such as to safely 
bear the load on it at that point. 

With tapering ropes we obtain a smaller difference between the initial and 
final load, but the difference is still considerable, and for perfect equaliza- 
sion of the load we must rely on some other resource. The theory of taper 
ropes is to obtain a ie of uniform strength, thinner at the cage end where 
the weight is least, and thicker at the drum end where it is greatest. 

(0) The Counterpoise System consists of a heavy chain working up and 
down a staple pit, the motion being obtained by means of a special small 
drum placed on the same axis as the winding drum, It is so arranged that 
the chain hangs in full length down the staple pit at the commencement of 
the winding; in the centre of the run the whole of the chain rests on the 
bottom of the pit, and, finally, at the end of the winding the counterpoise 
has been rewound upon the small drum, and is in the same Condition as it 
was at the commencement. ; 

(ce) Loaded-wagon System.+A plan, formerly much employed, was to 
have a loaded wagon running on a short incline in place of this heavy chain; 
the rope actuating this wagon being connected in the same manner as the 
above to a subsidiary drum. The incline was constructed steep at the com- 
mencement, the inclination gradually decreasing to nothing. At the begin- 
une ot a wind the wagon was at the top of the incline, and during a portion 
of the run gradually passed down it till, at the meet of cages, no pull was 


exerted on the engine—the wagon by this time being at the bottom. I the 


latter part of the wind the resistance was all against the engine, owing to 
its having to pull the wagon up the incline, and this resistance increased 
soe he eg! at the meet of cages to its greatest quantity at the conclusion 
of the lift. 

(d) The Endless-rope System is preferable to all others, if there is suffi- 
cient sump room and the shaft is free from tubes, cross timbers, and other 
impediments. It consists in placing beneath the cages a tail rope, similar 
in diameter to the winding rope, and, after conveying this down the pit, it is 
attached beneath the other cage. 

(e) Flat Ropes Coiling on Reels.—This means of winding allows of a cer- 


tain equalization, for the radius of the coil of lascending rope continues to ~ 


increase, while that of the descending one continues to diminish. Conse- 
auently, as the resistance decreases in the ascending load the leverage 

increases, and as the power increases in the other, the leverage diminishes. 
{The variation in the leverage is a constant quantity, and is equal to the 
thickness of the rope where it is wound on the drum. 

By the above means a remarkable uniformity in the load may be ob- 
tained, the only objection being the use of flat ropes, which weigh heavier 
and only last about two thirds the time of round ones. 

(f) Conical Drums,—Results analogous to the preceding may be obtained 
by using round ropes coiling on conical drums, which may either be smooth, 
with the successive coils lying side by side, or they may be provided with a 
spiral groove. The objection to these forms is, that perfect equalization is 
not obtained with the conical drumis unless the sides are very steep, and con- 
sequently there is great risk of the rope slipping ; to obviate this, scroll 
drums were proposed. They are, however, very expensive, and the lateral 
displacement of the winding rope from the centre line of pulley becomes 
very Great owing to their necessary large width. 

(9) The Koepe System of Winding.—An iron pulley with a single circular 
groove takes the place of the ordinary drum: The winding rope passes 
from one cage, over its head-gear pulley, round the drum, and, after pass= 


1 


a en a 


ordinary y. 
_ pe betieath the cages. passing round a Pulley in the sump; the arrange- 
erated tn Oh ere coe being conaty patel 


CRANES, ; 
Classification of Cranes, (Henry BR. Towne, Trans. A. 8. M.E,, iv. 
er faising and lowering weights. A Crane isa 
hoist with the added capacity of moving the load in a horizontal or lateral 
_ _ Cranes are divided inte two classes, as to their motions, viz., Rotary and 
ng} earn and into coat ae 4 to their source 6f motive power, viz.: 

I ‘and —When operated Mmantial power. 
Tie, ic, or Preumatic. 


air transmitted to the crane from a fixed source of supply. 
P rmeger pba a ae is provided with its bese boiler = 
femerator 6: wer, is -propelling > Usually capable 
" fotary and Tectiinear motions e 
but no trolley motion. 
m, and a trolley travelling on the jib. 
ith the jib-cranes, but rotating around a 

ig rollon cu ie lla or columa being 
7 MES Fotation only; or n su 
Ported entirely from the foundation. x og 


(0) Pillar Jid-cranes.—Identical with the last, except in having a jib and 


ey moon. 
©) Derrick-cranes—Identical with jib-cranes, except that the head of the 
‘Mast 1s held in position by cuy-rods, instead of by attachment to a roof or 


of a pillar or jib-crane mounted on wheels 
upon one OF more rails. 

sting of a pillar crane mounted on a truck, 

steam-engine sapetns ot propelling and rotating the 


t of a bridge moving longi 
moving transversely on the bridges 


=: 


on 
Stresses in Cranes.—See Stresses in Framed Structures, 440, ante. 
Position of the Inclined Brace in a Jib-crane. The sect 
conomical arrangement is that in which the inclined brace intersects the 
jib ata distance from the mast equal to four fifths the effective radius of 


the crane. (Hoisting) : 
ge and built by the aorgen 
4 ie i achinist, ane BD 1900. eet i 
june . “ 
188 net tons; distance between centres of inside rails, 59 ft. 6 in.: maximum 
_ fross travel, 44 ft. 2 in.; 


effective lift, 40 ft.; four speeds for main hoist, 1, 2. 


.— 
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4, and 8ft. permin.; loads for these speeds, 150, 75, 3744, and 1834 tonss¢-pec- 
tively; traversing speeds of trolley on bridge, 25 and 50 ft. per minute; 
speeds of bridge on main track, 30 and 60 ft. per minute. Square shafts are 
employed for driving. : 

A150-ton Pillar-crane was erected in 1893 on Finnieston Quay, 
Glasgow. The jib is formed of two steel tubes, each 89 in. diam. and 90 ft. 
long. The radius of sweep for heavy lifts is 65 ft. The jib and its load are 
counterbalanced by a balance-box weighted with 100 tons of iron and steel 
punchings. Ina test a 130-ton load was lifted at the rate of 4ft. per minute, 
anda oe lete revolution made with this load in 5 minutes. gg News, F 
July 20, 1893. 

Compressed-air Travelling-cranes,—Compressed-dir overhead 
travelling-cranes have been built by the Lane & Bodley Co., of Cincinnati. 
They are of 20 tons nominal capacity, each about 50 ft. span and 400 ft. length 
of travel, and are of the triple-motor type, a pair of simple reversing-engines 
being used for each of the necessary operations, the ae of engines for the 
bridge and the pair for the trolley travel being each 5-inch bore by 7-inch 
stroke, while the pair for hoisting is 7-inch bore by 9-inch stroke. Air is 
furnished by a compressor having steam and air cylinders each 10-in. diam. 
and 12-in. stroke, which with a boiler-pressure of about 80 pounds givesan air- 
pressure when required of somewhat over 100 pounds, The air-compressor 
is allowed to run continuously without a governor, the speed being regulated 
by the resistance of the air ina receiver. From a pipe extending from the 
receiver along one of the supporting trusses communication is continuously 
maintained with an auxiliary receiver on each traveller by means of a one- 
inch hose, the object of the auxiliary receiver being to provide a supply of 
air near the engines for immediate demands and independent of the hose 
connection, which may thus be of small dimension. Some of the advantages 
said to be possessed by this type of crane are: simplicity; absence of all mov- 
ing parts, excepting those required for a particular motion when that motion 
is in use; no danger from fire, leakage, electric shocks, or freezing; ease of 
repair; variable speeds and reversal without gearing; almost entire absence 
of noise; and moderate cost. 

Quay-cranes,.—An illustrated description of several varieties of sta- 
tionary and travelling cranes, with results of experiments, is given in a 
paper on Quay-cranes in the Port of Hamburg by Chas. Nehls, Trans, A. S. 
C. E., Chicago Meeting, 1893. 

Hydraulic Cranes, Accumulators, etc.—See Hydraulic Press- 
ure Transmission, page 616, ante. 

Electric Cranes.—Travelling-cranes driven by electric motors have 
largely supplanted cranes driven by square shafts or flying-ropes. Each of 
the three motions, viz., longitudinal, traversing and hoisting, is usually ac- 
complished by a separate motor carried upon the crane. 
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The following notes and tables are supplied by the Link-Belt Engineer- 
ing Co. of Philadelphia, Pa.: 

In large boiler-houses coal is usually delivered from hopper-cars into 
a track-hopper, about 10 feet wide, and 12 to 16 feet long. A feeder 
set under the track-hopper feeds the coal at a regular rate to a crusher, 
which reduces it to a size suitable for stokers. j 

After crushing, the coal is elevated or conveyed to overhead storage-bins, 
Overhead storage is preferred for several reasons: 

1. To avoid expensive wheeling of coal in case of a breakdown of the 
coal-handling machinery. : : 

2. To ayoid running the coal-handling machinery pen euer 

3. Coal kept under cover indoors will not freeze in winter and clog the 
bia al te to the boilers. 

4. It is often cheaper to store overhead than to use valuable ground- 
space adjacent to the boiler-house. 

5. As distinguished from yault or outside hopper storage, it is cheaper 
to build steel bins and supports than masonry pits. 

‘ 
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or monobar, are required. For the heaviest service, two strands of steel 
link chain, usually with rollers, are used. 

Flight conveyors are of three types: plain scraper, suspended flight, 
and roller flight 

In the plain seraper conveyor, the flight is suspended from the chain 
and drags along the bottom of the trough. It is of low first cost and is 
useful where noise of operation is not objectionable. It has a maximum 
capacity of about 30 tons per hour, and requires more power than either 
of the other two types of flight conveyors. 

Suspended flight conveyors use one or two strands of chain. The flights 
are attached to cross-bars having wearing-shoes at each end. ‘These wear- 
ing-shoes slide on angle-iron tracks on each side of the conyeyor frough. The 
flights do not touch the trough at any point. This type of conveyor is 
used where quietness of operation is a consideration. It is of higher first 
cost than the plain scraper conveyor, but requires one-fourth less power 
for operation. It is economical up to a capacity of about 80 tons per hour, 

The roller flight conveyor is similar to the suspended flight, except that 
the wearing-shoes are replaced by rollers, It is highest in first cost of 
all the flight conveyors, but has the advantages of low power consump- 
tion (one-half that of the scraper), low stress in chain, Jong life of chain, 
trough, and flights, and noiseless operation. It’ has an economical maxi- 
mum capacity of about 120 tons per hour. 

The following formula gives approximately the horse-power at the head 
wheel required to operate flight conveyors: 

H.P.=(ATL+BWS)=+1000. 

T=tons of coal per hour; =length of conveyor in feet, centre to 
centre; W-=weight of chain, flights, and shoes (both runs) in pounds; 
S=speed in feet per minute; A and B constants depending on angle o} 
incline from horizontal. See example below. 


Values of A and B. 


Angle, Angle, Angle, 
Deg. rs A Deg. A B Deg. A B 
0 -843 -O1 10 -50 OL 30 .79 -009 
2 . 378 -O1 14 iBT 1.01 34 84 -008 
4 40 ol 18 -63 009 38 88 008 
6 44 Ol 92 -69 009 42 92 007 
8 47 O1 es 74 -009 46 95 007 


For suspended flight conveyors take B as 0.8, and for roller flights as 0.6, 
of the values given in the table. 


Weight of Chain in Pounds per Foot, 


LINK-BELTING. Monosar. 
Pitch of Flights, Pitch of Flights, Inches. 
Chain Inches. . 
No, 
12 | 18 | 24 | 36 
78 | 2.4) 2.32.26) 2:2 
88 | 2.8] 2.7\2.6 | 2.5 
85 || 8.1) 2.8/2.7 | 2.6 
103 | 4.6] 4.4/4.3 | 4.2 
108 | 4.9) 4.7/4.4 | 4.1 
110 | 5.6} 5.2/4.9 | 4.7 
114 | 6.3) 6.0/5.9 | 5.7 
L22 SUL) Weal 7 2 
124 | 8.9] 8.4/8.2 | 7.9 


*Jn monobar the first one or two figures in the number of the chain 
denote the diameter of the chain in eighths of an inch. The last two fig- 
ures denote the pitch in inches. 
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a 
ae ee a a Ae eee 
Prin Cuarns. Router Cains. 
Bisch of Laat: Pitch of Flights, Inches. 
No. DPA rs No. 
12 | 18 | 24] 3 12} 1 24 36 
720} 5.9] 5.6/5.4 | 5.3)]| 1112) 7.7) 6.9] 6.2] 5.7 
730 } 6.9] 6.6/6.4 | 6.3]] 1113! 9.5} 8.8] 8.0} 7.5 
825 | 9.6} 9.3/9.1 | 8.9}| 1180)10.5] 9.5) 9.0) 7.8 


Weight of Flights with Wearing-shoes and Bolts. 


Suspended Flights, 
: Malleable 
Size, Inches. Steel. aa 
Size Weight, Lbs. 
4X10 3.5 4.3 6x14 12.37 
4X12 3.9 4.7 8X19 15.55 
5X10 4.1 5.2 10 x 24 25.57 
ox 12 4.6 5.7 10 X30 29.37 
5X15 5.8 5.9 10 X 36 33.17 
6x18 8.1 9.2 10 X42 34.97 
8x18 10.1 12.7 
8X20 11.0 13.4 
8X 24 12.6 14.4 
10 x 24 15.2 17.4 


Exampue.— Required the H.P. for a monobar conveyor 200 ft. centre 
to centre, carrying 100 tons of coal per hour, up a 10° incline at a speed 
of 100 feet per minute. Conveyor has No. 818 chain and 8X19 suspended 
' flights, spaced 18 inches apart. 

-5 X 100 x 200+ .008(400 < 5.7 +267 X 15.55) x 100 
CP. 1000 


bn 

___ The following table shows the conveying capacities of various sizes of 
_ flights at 100 feet per minute in tons of 2000 Ibs. per hour. The values 
are true for continuous feed only. 


15.15. 


a 
3 
st 


strands of steel roller chain. 
of coal per minute. 


intermediate point of discharge. 


Horizontal Conveyors. Inclined Conveyors. 
or HZ d 10° 20° 30° 3 
a . : ounds $ 
Flight,| eent | Pugh | Bight | “Goal || Fights | Flights | Flights 
947 per Every Every Every 
i Flight. 24”, 24”, Zar, 
Tons. Tons. Tons. Tons. 
46.5 31 40.5 31.5 22.5 
97.5 65 78 62 52 
172.5 115 150 120 90 
220 147 184 146 116 
268 179 225 177 142 
315 210 264 210 167 
" Bucket Oonveyors.—Rizid bucket-carriers are used to convey 


large quantities of coal over a considerable distance when there is no 
These conveyors are made with two 


They are built to carry as much as 10 tons 
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Screw Conveyors.—Screw conveyors consist of a helical steel 
flight, either in one piece or in sections, mounted on a pipe or shaft, and 
running in a steel or wooden trough. These conveyors are made from 4 to 
18 inches in diameter, and in sections 8 to 12 feet long. The speed ranges 
from 20 to 60 revolutions per minute and the capacity from 10 to 30 tons 
of coal per hour. It is not advisable to use this type of conveyor for coal, 
as it will only handle the smaller sizes and the flights are very easily dam- 
aged by any foreign substance of unusual size or shape. 

Belt Conveyors.—Rubber or cotton belt conveyors are used for 
handling coal, grain, sand, or other finely divided material. They com- 
bine a high carrying capacity with low power consumption, but are rela 
tively high in first cost. 

In some cases the belt is flat, the material being fed to the belt at it) 
centre in a narrow stream. In the majority of cases, however, the bel 
is troughed by means of idler pulleys set at an angle from the horizontall 
and placed at intervals along the length of the belt. Rubber belts are 
very often made more flexible for deep troughing by removing some of 
the layers of cotton from the belt and substituting therefor an extra thick- 
ness of rubber. 

_ Belt conveyors may be used for elevating materials up to about 23° 
incline. On greater inclines the material slides back on the belt and spills. 
With many substances it is important to feed the belt steadily if the con- 
veyor stands at or near the limiting angle. If the flow is interrupted © 
the material may slide back on the belt. 

Belt conveyors are run at any speed from 200 to 800 feet per minute, 
and are made in widths varying from 12 inches to 60 inches. 


Capacity of Belt Conveyors in Tons of Coal per Hour. 


ae Velocity of Belt, Feet per Minute. 
to} 
Belt, 
Ins. 300 350 400 450 . 500 550 600 
12 27 31.5 36 40.5 45 49.5 54 
14 36.7 42.8 49 55.2 61.3 67.4 73.6 
16 4 56 64 72 80 88 96 
18 60.7 70.8 81 91.2 101 111 135 
20 7 87.5 10 112.5 125 137.5 150 
24 108 126 144 162 180 198 216 
30. 168.7 197 225 253 281 307 338 
36 243 283 324 365 405 446 486 


For materials other than coal, the figures in the above table should 
be multiplied by the coefficients given in the table below: 


Material. Coefficient. Material. Coefficient. 
Ashes (damp).......... 0.86 WARb HS aie dajs missy tate 1.4 
WAMU s <0 > lony eam ciao 1.76 Sandee. a), o Rate en 1.8 
UW tataie a a)aver witless ls hvac 1.26 Stone (crushed). ..... 2.0 
DOOM ed.c a atnbie cpceiet a 0 


Carrying-bands or Belts, used for the purpose of sorting coal and 
removing impurities, are sometimes made of an endless length of woven 
wire, or of two or three endless chains, carrying steel plates varying in width 
from 6 inches to 14 inches. (Proce. Inst. M. E., July, 1890.) 

Grain-elevators.—American Grain-elevators are described in a 
paper by E. Lee Heidenreich, read at the International Engineering Con- 
gee at Chicago (Trans, A. 8. C. E., 1893). See also Trans, A. S. M. E., vii, 

60. 
WIRE-ROPE HAULAGE. 


Methods for transporting coal and other products by means of wire rope, 
though varying from each other in detail, may be grouped in five classes: 
I. The Self-acting or Gravity Inclined Plane, 
Il. The Simple Engine-plane. 


Pad 0 
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il. The Tail-rope System. 
IV. The Endless-rope System 
V. The Cable Tramway. 


The following brief description of these systems is abridged from a 
amphlet on Wire-rope Haulage, by Wm. Hildenbrand, C.E., published by 
ohn A. Roebling’s Sons Co., Trenton, N. J. ‘ 
I. The Self-acting Inclined Plane.—The motive power for the 
self-acting inclined plane is gravity; consequently this mode of transport-. 
_ ing coal finds application only in places where the coal is conveyed from a 
higher to a lower point and where the plane has sufficient grade for the 
_ loaded descending ears to raise the empty cars to an upper level. 
At the head of the plane there is a drum, which is generally constructed 
of wood, having a diameter of seven to ten feet. Itis placed high enough ~ 
_ to allow men and cars to pass under it. Loaded cars coming from the pit 
_ are either singly or in sets of two or three switched on the track of the 
_ plane, and their speed in descending is regulated by a brake on the drum. 
_ _ Supporting rollers, to prevent the rope dragging on the ground, are 
_ generally of wood, 5 to 6 inches in diameter and 18 to 24 inches long, with 
34- to %-inch iron axles. The distance between the rollers varies from 15 to 
2 8 feet, steeper planes requiring less roJlers than those with easy grades. 
_, Considering only the reduction of friction and what is best for the preserva- 
tion of rope, a general rule may be given to use rollers of the greatest 
possible diameter, and to place them as close as economy will permit. { 

The smallest angle of inclination at which a plane can be made self-acting 
_ will be when the motive and resisting forces balance each other. The 
_ motive forces are the weights of the loaded car and of the descending rope. 

The resisting forces consist of the weight of the empty car and ascending 
rope, of the rolling and axle friction of the ears, and of the axle friction of 
_ the supporting rollers. The friction of the drum, stiffness of rope, and 
_ resistance of air may be neglected. A general rule cannot be given, because 
_ & change in the length of the plane or in the weight of the cars changes the 
proportion of the forces; also, because the coefficient of friction, depending 
on the condition of the road, construction of the cars, etc., isa very uncer- 
tain factor. 

For working a plane with a 5g-inch steel rope and lowering from one to 

four pit cars weighing empty 1400 lbs. and loaded 4000 lbs., the rise in 100 
feet necessary to make the plane self-acting will be from about 5 to 10 feet, 
decreasing as the number of cars increase, and increasing as the length of 
plane increases. 
___Agravity inclined plane should be slightly concave, steeper at the top 
_ than at the bottom. The maximum deflection of the curve should be at an 
Peon of 45 degrees, and diminish for smaller as well as for steeper 
_ inclinations, 


Ce 


_ while it would BEpeas that 214 feet in 100 is necessary for the same number‘ 
_ ofempty cars. F 


tion. It can be epplce under almost any condition. The road may be 
a evel or undulating, in one continuous line or with side 


_ but more frequently they are on the same shaft at one end of the plane, 
_ In the first case each rope would require the length of the beat but in the 
_ second case the tail rope must be twice as long, being led from the drum 


_ Ground a sheave at the other end of the plane and back again to its starting- 


fe 
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point. When the main rope draws 4 set of full cars out, the tail-rope drum 
runs loose on the shaft, and the rope, being attached to the rear car, un- 
winds itself steadily. Going in, the reverse takes place. Each drum is 
provided with a brake to check the speed of the train on a down grade and 
prevent its overrunning the forward rope. As a rule, the tail rope is 
strained less than the main rope, but in cases of heavy grades dipping out- 
ward it is possible that the strain in the former may become as large, or 
even larger, than in the latter, and in the selection of the sizes reference 
should be had to this circumstance. 

IV. The Endless-rope System,.—tThe principal features of this 
system are as follows: ; 

1, The rope, as the name indicates, is endless. 

2. Motion is given to the rope by a single wheel or drum, and friction is 
i et nigsehaa by a grip-wheel or by passing the rope several times around 
the wheel. 

3. The rope must be kept constantly tight, the tension to be produced by 
artificial means. It is done in placing either the return-wheel or an extra 
tension wheel on a carriage and connecting it with a weight hanging over a 
pulley, or attaching it to a fixed post by a screw which occasionally can be 
shortened. 

4. The cars are attached to the rope by a grip or clutch, which can take 
hold at any place and let go again, starting and stopping the train at will, 
without stopping the engine or the motion of the rope. : 

5. On a single-track road the rope works forward and backward, but on a 
double track it is possible to run it always in the same direction, the full 
ears going on one track and the empty cars on the other. 

This method of conveying coal, as a rule, has not found as general an in- 
troduction as the tail-rope system, probably because its efficacy is not so 
apparent and the opposing difficulties require greater mechanical skill and. 
more complicated a dooce Its advantages are, first, that it requires 
one third less rope than the tail-rope system. This advantage, however, 
is partially counterbalanced by the circumstance that the extra tension iu 
the rope requires a heavier size to move the same load than when a main 
and tail rope are used. The second and principal advantage is that it is ~ 
possible to start and stop trains at will without signalling to the engineer. 
On the other hand, it is more difficult to work curves with the endless sys- 
tem, and still more so to work different branches, and the constant stretch 
of the re under tension or its elongation under changes of temperature 
frequently causes the rope to slip on the wheel, in spite of every attention, 
causing delay in the transportation and injury to the rope. ’ 

V. Wire-rope Tramways.—The methods of conveying products on 
a@ suspended rope tramway find especial application in places where a mine 
is located on one side of a river or deep ravine and the loading station on 
the other. A wire rope suspended between the two stations forms the track 
on which material in properly constructed ‘‘ carriages”? or ‘‘ buggies ”’ is 
transported. It saves the construction of a bridge or trestlework, and is 
practical for a distance of 2000 feet without an intermediate support, 

There are two distinct classes of rope tramways: 

1. The rope is stationary, forming the track on which a bucket holding 
the material moves forward and backward, pulled by a smaller endless 
wire rope. 

2. The rope is movable, forming itself an endless line, which serves at 
the same time as supporting track and as pulling rope. 

Of these two the first method has found more general application, and is 
especially adapted for long spans, steep inclinations, and heavy loads. The 
second method is used for long distances, divided into short spans, and is 
only applicable for light loads which are to be delivered at regular intervals. 

For detailed descriptions of the several systems of wire-rope transporta- 
tion, see circulars of John A. Roebling’s Sons Co., The Trenton Iron Co., and 
other wire-rope manufacturers. See also paper on Two-rope Haulage 
Systems, by R. Van A. Norris,’Trans. A, $:’M. E., xii. 626. ‘ 

In the Bleichert System of wire-rope tramways, in which the track rope is 
stationary, loads of 1000 pounds each and upward are carried. While the 
average spans on a level are from 150 to 200 feet, in crossing rivers, ravines, 
ete., spans up to 1500 feet are frequently adopted. In a tramway on this 
system at Granite, Montana, the total length of the line is 9750 feet, with a 
fall of 1225 feet. The descending loads, amounting to a constant weight of 
about 11 tons, Aemelee over 14 horse-power, which is sufficient to haul the 
empty buckets as well as about 50 tons of supplies per day up the line, an? 
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} also to run the ore crusher and elevator. It is capable of delivering 250 
tons of material in 10 hours. : 


Suspension Cableways or Cable Hoist-conveyors. 
(Trenton Iron Co.) 


In quarrying, rock-cutting, stripping, piling, dam-building, and many 
_ other operations where it is necessary to hoist and convey large individual 
loads economically, it frequently happens that the application of a system 
of derricks is impracticable, by reason of the limited area of their efficiency 
_ and the room which they occupy. 

To meet such conditions cable hoist-conveyors are adapted, as they can be 
pec in clear spans up to 1500 feet, and in lifting individual loads up to 
15 tons. Two types are made—one in which the hoisting and conveying are. 
done by separate running ropes, and the other applicable only to inclines,\" 
in which the carriage descends by gravity, and but one running rope is re-, 
_ quired. The moving of the carriage in the former is effected by means of* 
an endless rope, and these are commonly known as ‘ endless-rope ” hoist- 
conveyors to distinguish them from the latter, which are termed ‘‘ inclined ” 
hoist-conveyors. 

i The general arrangement of the eadless-rope hoist-conveyors consists of a 
_ main cable passing over towers, A frames or masts, as may be most conve- 

» nient, and anchored firmly to the ground at each end, the requisite tension 
_ in the cable being maintained by a turnbuckle at one anchorage. 

Upon this cable travels the carriage, which is moved back and forth over 
the line by means of the endless rope. The hoisting is done by a separate 
rope, both ropes being operated by an engine specially designed for the 
ead which may be located at either end of the line, and is constructed 

m such a way that the hoisting-rope is coiled up or paid out automatically 

_ as the carriage is moved in and out. Loads may be picked up or discharged 
_ at any point along the line. Where sufficient inclination can be obtained in 
the main cable for the carriage to descend by gravity, and the loading and 
_ unloading is done at fixed pomts, the endless rope can be dispensed with. 
_ The carriage, which is similar in construction to the carriage used in the 
endless-rope cableways, is arrested in its descent by a stop-block, which 
_ Inay be clamped to the main cable at any desired point, the speed of the 
_ descending carriage being under control of a brake on the engine-drum. 


Stress in Hoisting-ropes on Inclined Planes. 
(Trenton Iron Co.) 


aes s cy se eich Pinay di Pe 
s.3| 38 |s82)558| v8 | s88)5.3 | +8 | ess 
geo | 22 | B5Siecs| 28 | ese )S22] 22 | ese 
2S8| we | Seep 288] we | S48] 2ss) we | 288 
M2| 42 }@s1" 8] <8 |ags]* 8| <8 | ags 
ft. ft, ft. ee 
29.597 140 55 28° 49’ 1003 110 47° 44’ 1516 
10 5° 43/ 240 60 30° 58/ 1067 120 50° 12’ 1573 
15 8° 32” 836 33° 02’ 1128 30 52°26 162 


* The above table is based on an allowance of 40 lbs. per ton for rolling fric- 
tion, but an additional allowance must be made for stress due to the weight 
_ of the rope proportional to the length of the plane. A factor of safety of 5 
- to 7 should be taken. 

In hoisting the slack-rope should be taken up gently before beginning the 

lift, otherwise a severe extra strain will be brought on the rope. 

A Double-suspension Cableway, carrying loads of 15 tons, erected near 
_ Williamsport, Pa., by the Trenton Iron Co., is described by JB. G. Spilsbury 
in Trans. A. I. M. KE. xx. 766. The span is 733 feet, crossing the Susquehanna 
4 River. Two steel cables, each 2 in. diam., are used. On these cables runs a 
_ Carriage supported on four wheels and moved by an endless cable 1 inch in 
_ diam, The load consists of a cage carrying « railroad-car loaded with lum- 
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ber, the latter weighing about 12 tons. The power is furnished by a 50-H.P, 
engine, and the trip across the river is made in about three minutes. : 

A hoisting cableway on the endless-rope system, erected by the Lidger- 
wood Mfg. Co., at the Austin Dam, Texas, had a single ‘span 1350 ff. in 
Jength, with main cable 214 in. diam., and hoisting-rope 134 in.diam. Loads 
of 7 to 8 tons were handled at a speed of 600 to 800 ft. per minute, 

Another, of still longer span, 1650 ft., was erected by the same company at 
Holyoke, Mass., for use in the construction of a dam. The main cable is 
the Elliott or locked wire cable, having a smooth exterior. In the construc- 
tion of the Chicago Drainage Canal twenty cableways, of 700 ft. span and 8 
tons canacity, were used, the towers travelling on rails. : 

Tension required to Prevent Slipping of Rope on Drum, - 
(Trenton Iron Co.)—The amount of artificial tension to be applied in an 
endless rope to prevent slipping on the driving-drum: depends on the char- 
acter of the drum, the condition of the rope and number of laps which it 
makes. If T and S represer.i respectively the tensions in the taut and slack 
lines of the rope; W, the necessary weight to be applied to the tail-sheave; 
R, the resistance of the cars and rope, allowing for friction; n, the number 
of ce i of the rope on the driving-drum; and J, the coefficient of fric- 
tion, the following relations must exist to prevent slipping: 


T=Sel*™, W=T+S, and R=T-S; 
etm . 4 
efn™ _ 4 

in which e = 2.71828, the base of the Naperian system of logarithms, 

The following are some of the values of f : 
Dry. Wet. Greasy. 


Wire-rope on a grooved iron drum, 120 085 .070 
Wire-rope on wood-filled sheaves........ 235 170 -140 
.Wire-rope on rubber and leather filling.. .495 -400 ‘ 

The importance of keeping the rope dry is evident from these figures, 


from which we obtain ‘Ws i 


Inw 
The values of the coefficient ee corresponding to the above valueg 
ejnt — 


of f, for one up to six half-laps of the rope on the driving-drum or sheaves, 
are as follows: 


a 


3 n = Number of Half-laps on Driving-wheel, 


oi 

1 2 3 4 5 6 
-070 9.130 4.623 8.141 2.418 1.999 1.729 — 
A 7.536 8.833 2.629 2.047 1.714 1.505 
+120 5.345 2.007 1.953 1.570 1.358 1.232 
-140 4.623 2.418 1.729 1.416 1,249 1.154 
170 8.833 2.047 1.505 1.268 1,149 1.085 
205 3.212 1.762 1.338 1.165 1.083 1.043 
2235 2.831 1.592 1.245 1.110 1.051 1.024 
400 1.795 1.176 1.047 1.013 1.004 1,001 
-495 1.538 1.093 1.019 1.004 1.001 


When the rope is at rest the tension is distributed equally on the two lines 
of the rope, but when running there will be a difference in the tensions of 
the taut and slack lines equal to the resistance, and the values of 7 and S$ 
may be readily computed from the foregoing formule. 

Taper Ropes of Uniform Tensile Strength.—The true form 
of rope is not a regular te per but follows a logarithmic curve, the girth ~ 
rapidly increasing toward the upper end. _ Mr. Chas. D. West gives the fol- 
lowing formula, based on a breaking strain of 80,000 Ibs, per sq. in. of the 
rope, core included, and a factor of safety of 10: log G@ = #/3680 + log g, in 
which #’ = length in fathoms, and G and g the girth in inches at any two 
sections F’fathoms apart. The girth g is first calculated for a safe Strain 
of 8000 Ibs. Pe sq. in., and then G is obtained by the formula, For @ 
mathematical investigation see The Engineer, April, 1880, p. 26%. 
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_ _ The following notes have been furnished to the author by Mr. Wm. Hewitt, 
Vice-President of the Trenton Iron Go. (See also circulars of the Trenton 
Tron Co, and of the John A. Roebling’s Sons Co., Trenton, N. J.;_ “Trans- 
mission of Power by Wire Ropes,” by A. W. Stahl, Van Nostrand’s Science 
} Series, No. 28; and Reuleaux’s Constructor.) 
_ The force transmitted should not exceed the difference between the 
elastic limit of the wires and the peas Stress as determined by the fol- 
lowing tables, taking the elastic limit o. tempered steel, such as is used in 
the best rope, at 57,000 Ibs. per sq. in., and that of Swedish iron at half this, 
or 28,500 Ibs. (The el. lim. of fine steel wires may be higher than 57,000 Ibs.) 


Elastic Limit of Wire Ropes, 


Wi Diam. of Aggregate Elastic Limit. | Elastic Limit. 
ire Hope. Wires. Area of Wires, Steel. Tron. 
diam., in. ins. sq. in. Ibs. Ibs, 
yy 028 025862 1,474 737 
5/16 +035 _ 040409 2,303 1,152 
+042 -058189 3.317 1,659 
V/16 049 .079201 4,514 2,257 
055 099785 5,688 2,844 
9/16 0625 128855 7,845 3,672 
070 161635 9,213 4.607 
11/16 076 - 190532 10,869 5,480 
083 227246 12,953 6,477 
% -097 -310373 17,691 8,846 
111 -406430 28,167 11,583 
19-Wire Rope. 
A 017 025876 
5/16 021 -039485 
-024 051573 The elastic limit of 19-wire 
7/16 -029 -075299 rope may be taken the same 
033 -097504 as for 7-wire rope since the 
9/16 0375 125909 ultimate strength of the 
042 + 157941 wires is 7 to 10 per cent 
11/16 .046 . 189458 greater. 
84 +050 223839 
-. % +058 301198 
i 1 067 -401925 


a The working tension may be greater, therefore, as the bending stress is 
_ less; but since the tension in the slack portion of the rope cannot be less 
than a certain proportion of the tension in the taut portion, to avoid 
Slipping, a ratio exists between the diameter 
4 of sheave and the wires composing the rope, 


corresponding to a maximum safe working Section 

~ tension. This ratio depends upon the num- of Rim, 
ber of laps that the rope makes about the 
Sheaves, and the kind of filling in the rims, or 
the character of the material upon which the Section 
rone tracks. of Arm. 


_ ‘The sheaves (Fig. 165) are usually of 
_ cast iron, and are made as light as possible 
_ consistent with the requisite strength. Vari- 
ous materials have been used for filling the : 
bottom of thé groove, such as tarred oakum. 
jute yarn, hard wood, India-rubber, and 
leather. The filling which gives the best 
‘satisfaction, however, in ordinary transmis- 
ions consists of segments of leather and 
_ blocks of India-rubber soaked in tar and Fie. 165. 

packed alternately in the groove. Where the working tension is very 
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great, however, the wood filling 1s to be preferred, as in the case of long-dis- 
tarce transmissions where the rope makes several laps about the sheaves, 
and is run at a comparatively slow speed. 


The Bending Stress is determined by the formula 


el 


Ea 


2.06(R = d) + C” 


k = bending stress in Ibs.; ZH = modulus of ees = 28,500,000; a = ag- 
gregate area of wires, sq. ins.; ; R= radius of bend; 


For ‘-wire rope d = 1/9 diam, of rope; C = 27. ay 


“ 


19-wire 


“ 


d=1/15 “ 


w 


= diam. ‘of wires, ins. 


; C= 45.9. 


From this formula the tables below have been caleulated. 


Bending Stresses, 7-wire Rope. 


Diam. Bend., 24 36 48 60 V2 84 96 | 108 | 120} 132 
Diam. Rope’ 

A, 810 645) 411 330 275) 236 207 184 166 151 
9/32 1,095 738 556} 447 873) 321 281 250) 225) 205 
5/16 1,569 | 1,060} 800) 642 537] 461 404 359 324} 294 

34 2,692 | 1,822) 1,377] 1,106 925) 794) 696 620} 558} 508 
G/16 4,243 | 2,878] 2,178] 1,751} 1,465) 1,259) 1,104 982} 885] 806 

% 5,962 | 4,053] 8,070] 2,470] 2,067] 1,777) 1,558} 1,387] 1,250) 1,133 
9/16 8,701 | 5,915] 4,486] 3,613] 3,025] 2.601] 2,282] 2,032) 1,831] 1,667 

PGs ulb-ajesawiea'e 8,267| 6,278] 5,060} 4,288} 38,646] 3,199] 2,849] 2,569) 2,339 
TILE ilisopien 10,535] 8,008] 6,459 5,412 4,657| 4,087} 3,641] 3,283] 3,059 
Bia beanie oie 13,655 |10,392| 8,388] 7,032] 6,053) 5,314] 4,735] 4,270) 3,888 
Cen etc 21/585] 16,465|13,309 11,168] 9,620] 8,449] 7,532| 6,795] 6,189 
en eee ak Merarely ata teem palm 4,492)19, 1824 16,651] 14,354 |12,613]11,249}10,151] -9,249 
1). Sa BSP enor 34, P24 281144 23661 20,411/17,986)| 16,011) 14,453) 13,172 
14 ae ssalayp'n'silfehateias ea 38,472 |82,874|27,945 | 24,582) 21 ,942/19,814/ 18,062 
DOG MASE ARNE Beet eh ig 42,962|37,110|32,661|/29,164]26, 344] 24,021 
TG [SR a celle s|ehie |b lecw es 55,595] 48,054 |42,314|37,799 34, 155] 31,151 
Bending Stresses, 19-Wire Rope. 

Diam. Bend,} 12 24 36 48 60 V2 84 96 | 108); 120 

Diam. Rope 

Y% 965 495} 388} 250 200} 167 144 126| 112 101 
5/16 1,774 920) 621 468 376 314] 270) 286] 210 189 

84 2,620 | 1,866] 924) - 698 561 469) 403) 353 314 283 
7/16 546 |. 2,889] 1,620] 1,226 986} 824 208} 621 553 498 

\% 5 3. : 9138) 813] 788 
9/16 1,338] 1,191) 1,074 

1,876| 1,671) 1,506 
11/16 2,459] 2,191) 1,976 

%4 8,153] 2,809} 2,534 

4 4'886| 4/371| 31943 
1 7,528] 6,714| 6,059 
144 10,523] 9,387) 8,474 
114 14,209] 12,682| 11,452 
1 19,272| 17,209] 15.545 
1 24, 662}22,030| 19,906 
a 80,957 |27,664 |25,005 
134 39,203|35,048|31,689 
1% 47,839 |42, 606 |38,534 
2 57,183|51,160|46,285 

381,428 |72, 908 66, 002 


99,951190,540 
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Horse-Power Transmitted.—The A a formula for the amount 
of power capable of being transmitted is as follows: 


H.P. = [ed? — .000006 (w+ 9, + ga)]v; 


in which d = diameter of the rope in inches, v = velocity of the rope in feet 
per second, w = weight of the rope, 9, = weight of the terminal sheaves 
and shafts, gg = weight of the intermediate sheaves and shafts (all in Ibs.), 
and ¢ = a constant depending on the material of the rope, the filling in the 
grooves of the sheaves, and the number of laps about the sheaves or drums, 

_ a single lap meaning a half-lap at each end. ‘he values of c for one up to 
six laps for steel rope are o*ven in the following table: 


Number of Laps about Sheayes or Drums. 


¢ = for steel rope on 


1 2 8 4 5 6 
BREN cs howe icciae iss av eeeeoaiel Aad 8.81 10.62} 11.65] 12.16] 12.56 
BOON cidares cb couvics tars een OO 9.93 11.51 12,26 12.66 | 12.83 
Ruther and leather...,.,.,|_ 9.29 | 11.95 12.70 | 12.91 | 12.97 | 13.00 


_ ‘The values of ¢ for iron rope are one half the above. 

_ When more than three laps are made, the character of the surface in 
_ contact is immaterial as far as slippage is concerned. 

' From the above formula we have the general rule, that the actual horse- 
power capable of being transmitted by any wire rope approximately equals 
c limes the square of the diameter of the rope in inches, less six millionths 
the entire weight of all the moving parts, multiplied by the speed of therope, 
in feet per second, 

Instead of grooved drums or a number of sheaves, about which the rope 
makes two or more laps, it is sometimes found more desirable, especially 
where space is limited, to use gvip-pulleys. The rim is fitted with a con- 
tinuous series of steel jaws, which bite the rope in contact by reason of the 
pressure of the same against them, but as soon as relieved of this pressure 
ley open readily, offering no resistance to the egress of the rope. 

In the ordinary or “ flying ” transmission of power, where the rope makes 
_ &single lap about sheaves lined with rubber and leather or wood, the ratio 

between the diameter of the sheaves and the wires of the rope, correspond- 

ing to a maximum safe working tension, is: For 7-wire rope, steel, 76.9; iron, 

157.8. Ape 12-wire rope, steel, 59.3; iron, 122.6. For 19-wire rope, steel, 44.5; 
- iron, 93.1, 


Oa ee ee 


Diameters of Minimum Sheaves in Inches, Corresponding 
to a Maximum Safe Working Tension, 


ron, 
_ Diameter RHEE ah 
of Rope, 
| In. {-Wire. | 12-Wire. | 19-Wire. | %-Wire. | 12-Wire. | 19-Wire. 
Y% 19 15 11 89 31 23 
5/16 24 19 14 49 38 29 
29 22 17 59 46 35 
4 7/16 84 26 19 69 54 41 
= % 88 30 22 79 61 47 
9/16 43 2 25 89 69 52 
: 48 87 28 99 7 58 
: 11/16 53 41 381 109 84 
3% 58 44 384 119 92 20 
% 67 52 39 138 107 81 
1 7 59 45 158 123 93 


| 
__Assuming the sheaves to be of ‘equal diameter, and of the sizes in the 
“Above table, the horse-power that may be transmitted by a steel rope making 
a single lap on wood-filled sheaves is given in the table on the next page. 
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The transmission of greater horse-powers than 250 is im practicable with 
filled sheaves, as the tension would be so great that the filling would 
quickly cut out, and the adhesion on a metallic surface would be insufficient 
where the rope makes but a single lap. In this case it becomes necessary 
to use the Reuleaux method, in which the rope is given more than one lap, 
as referred to below, under the caption “ Long-distance Transmissions.” 


Horse-power Transmitted by a Steel Rope on Wood-filled 
Sheaves. 


Velocity of Rope in Feet per Second. 


peeincles 
of Rope. 
a 10 | 20] 380 40 50 60 70 80 90 | 100 
4 8 13 17 21 25 28 32 37 40 
5/16 vg 13 20 26 Bb 40 44 51 57 62 
10 19 28 38 ve 55 64 73 80 89 
7/16 13 26 38 51 63 95 88 99 | 109] 121 
yy 17 34 51 67 83 99} 115 | 1380| 144] 159 
9/16 22 43 65 86 | 106} 128 | 147] 167 | 184] 203 
27 53 vi 104 | 180] 155] 179 2 | 225 | 247 
11/16 82 63 95 | 126} 157 | 186 | 217 | 245 
A 38 76 | 103} 150 | 186} 223 
y 52 104 | 156 | 206 
1 68 185 | 202 


The horse-power that may be transmitted by iron ropes is one half of the 
above. 

This table gives the amount of horse-power transmitted by wire ropes 
under maximum safe working tensions. In using wood-lined sheaves, there- 
fore, it is well to make some allowance for the stretching of the rope, and 
to advocate somewhat heavier equipments than the above table would give; 
that is, if it is desired to transmit 20 horse-power, for instance, to put in a 
plant that would transmit 25 to 30 horse-power, thus avoiding the necessity 
of peving to take up a comparatively small amount of stretch. On rubber 
and leather filling, however, the amount of power capable of being trans-~ 
mitted is 40 per cent greater than for wood, so that this filling is generall 
used, and in this case no allowance need be made for stretch. as such 
sheaves will likely transmit the power given by the table, under all possible 
deflections of the rope. 

Under ordinary conditions, ropes of seven wires to the strand, laid about 
a hemp core, are best adapted to the transmission of power, but conditions 
often occur where 12- or 19-wire rope is to be preferred, as stated below. 

Deflections of the Rope.—The tension of the rope is measured by 
the amount of sag or deflection at the centre of the span, and the deflection 
corresponding to the maximum safe working tension is determined by the 
following formule, in which S represents the span in feet: 


Steel Rope. Iron Rope. 

Def. of still rope at centre, in feet.... h =.00004S? h =.00008S2 
SS driving ‘* ip MO eae Ity==. 00002582 hy=.00005S? 
oe slack st br! oh -» hg=.0000875S2 hyg= .000175S? 


Limits of Span.—On spans of less than sixty feet, it is impossible to 
splice the rope to such a degree of nicety as to give exactly the required de- 
flection, and as the rope is further subject to a certain amount of stretch, it 
becomes necessary in such cases to apply mechanical means for producing 
the proper tension, in order to avoid frequent splicing, which is very objec- 
tionable ; but care should always be exercised in using such tightening 
devices that they do not become the means, in unskilled hands, of over- 
straining the rope. The rope also is more sensitive to every irregularity in 
the sheaves and the fluctuations in the amount of power transmitted, and 
is apt to sway to such an extent beyond the narrow limits of the required 
deflections as to cause a jerking motion, which is very injurious. For this 
yeason on very short spans it is found desirable to use a considerably 
heavier rope than that actually required to transmit the power: or in 
other words, instead of a 7-wire rope corresponding to the conditions of 
maximum tension. it is better to use a 19-wire rope of the same size wires, 
and to run this under a tension considerably below the maximum. In this 
way is obtained the aGvantages of increased weight and less stretch, without 
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having to use larger sheaves, while the wear will be greater in proportion to 

the increased surface. 
In determining the maximum limit of span, the contour of the ground 
and the available height of the terminal sheaves must be taken into cone 
sideration. It is customary to transmit the power through the lower portion 
of the rope, as in this case the greatest deflection in this portion occurs 
when the rope is at rest. When running, the lower portion rises and the 
upper portion sinks, thus enabling obstructions to be avoided which other- 
_ wise would have to be removed, or make it necessary to erect very high 

towers, The maximum limit of span in this case is determined by the max- 
imum deflection that may be given to the upper portion of the rope when 
running, which for sheaves of 10 ft. diameter is about 600 feet. 

Much greater spans than this, however, ure practicable where the contour 
of the ground is such that the upper portion of the rope may be the driver, 
and there is nothing to interfere with the proper deflection of the under 
portion. Some very long transmissions of power have been effected in this 
way without an intervening support, one at Locgport, N. Y., having a clear 
span of 1700 feet. 

Long-distance Transmissions,—When the distance exceeds the 
limit for a clear span, intermediate supporting sheaves are used, with plain 
grooves (not filled), the spacing and size of which will be governed by the 
contour of the ground and the special conditionsinvolved. The size of these 
sheaves will depend on the angle of the bend, gauged by the tangents to the 
eurves of the rope at the points of inflection. If the curvature due to this 
_ angie and the working tension, regardless of the size of the sheaves, as deter- 

‘mined hy the‘table on the next page, is less than that of the minimum 
sheave {see table p. 919) the intermediate sheaves should not be smaller 
than such minimum sheave, but if the curvature is greater, smaller inter- 
mediate sheaves may be used. ; 

In very long transmissions of power, requiring numerous intermediate 

supports, it is found impracticable to run the rope at the high speeds main- 
_ tained in “‘ flying transmissions.” The rope therefore is run under a higher 

_ working tension, made practicable by wrapping it several times about 
_ grooved terminal drums, with a lap about a sheave on a take-up or counter- 
weighted carriage, which preserves a constant tension in the slack portion. 
é Inclined Transmissions.—When the terminal sheaves are not on 

‘the same elevation, the tension at the upper sheave will be greater than that 
_ at the lower, but this difference is so slight, in most cases, that»it may be 
ignored. The span to be considered is the horizontal distance between the 
_ sheaves, and the principles governing the limits of span will hold good in 
_ this case, so that for very steep inclinations it becomes necessary to resort 
_ to tightening devices for maintaining the requisite tension in the rope. The 
limiting case of inclined transmissions occurs when one wheel is directly 
above the other. The rope in this case produces no tension whatever on 
the lower wheel, while the upper is subject only to the weight of the rope, 
which is usually so insignificant that it may be neglected altogether, and 
on vertical transmissions, therefore, mechanical tension is an absolute ne- 
cessity. 

Bending Curvature of Wire Ropes.—tTiie curvature due to 
any bend ina wire rope is dependent on the tension, and is not always the 
Sanie as the sheave in contact, but may be greater, which explains how it is| 
_ that large ropes are frequently run around comparatively small sheaves, 
without detriment, since it is possible to place these so close that the bend- 
_ ing angle on each will be such that the resulting curvature will not over- 
strain the wires. This curvature may be ascertained from the formula 
and table on the next page, which give the theoretical radii of curvature in 
inches for various sizes of ropes and different angles for one pound tension 
intherope. Dividing these figures by the actual tension in pounds, gives 
the radius of curvature assumed by the rope in cases where this exceeds the 
_ curvature of the sheave. The rigidity of the rope or internal friction of 
_ the wires and core has not been taken into account in these figures, but the 
effect of this is insignificant, and it is on the safe side to ignore it. By the 
“angle of bend” is meant the angie between the tangents to the curves of 
the rope at the points of inflection. When the rope is straight the angle is 
_ 180°. For angles less than 160° the radius of curvature in most cases will be 
less than that corresponding to the safe working tension, and the proper 
size of sheave to use in such cases will be governed by the table headed 
_ “Diameters of Minimum Sheaves Corresponding to a Maximum Safe 
Working Tension ’” on page 919, 
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Radius of Curvature of Wire Ropes in Inches for 
l-lb. Tension, 
Formula: R = H4n + 5.25t cos 446; in which R = radius of curvature, 


£= modulus of elasticity = 28,500,000; 6 = diameter of wires; n = no, 
of wires ; 9 = angle of bend; ¢ = working stress (lbs. and ins.). 


Divide by stress in pounds to obtain radius in inches, 


Diam. | 489° 165° 170° 172° 174° 176° 178° 


( 14) 4,226 5,628 8,421 10,949 14,593 21,884 43,762 
11,090 | 14,753 22,095 26,731 35,628 53,429 | 106,841 

34| 22,274 | 29,633 45,412 54,417 42,530 | 108,767 | 217,50 
% 43,184} 57,451 86,040 102,688 136,869 } 205,251} 410,440 
| 1 71,816 | 95,54 148,085 175,182 233,492} 350,150} 700,193 
114 | 112,763 | 150,016 224,667 280,607 374,010 | 560,872 | 1,121,574 
(114 | 169,185 | 225,012 336,982 427,689 | 570,050} 854,858 | 1,709,456 


44} 12,914 | 17,179 25,72’ 81,125 41,485 62,212 124,405 
%4 ‘80 


1 199,323 205,17 3 897,129 497,998 663,767 | 995,390 | 1 990/478 
14 | 320,556 | 426,459 638,674 797,697 | 1,063,217 | 1,594,422 | 3,188,359 
114 } 504,402 | 671,041 | 1,004,965 | 1,215,817 | 1,620,513 | 2,430,151 | 4,859,561 
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The transmission of power by cotton or manila ropes is a competitor with 
gearing and leather belting when the amount of power is large, or the dis- 
tance between the power and the work is comparatively great. The follow- 
ing is condensed from a paper by C. W. Hunt, Trans. A. S. M. E., xii. 230: 

But few accurate data are available, on account of the long period re- 
guired in each experiment, a rope lasting from three to six years. —Installa- 
tions which have been successful, as well as those in which the wear of the 
rope was destructive, indicate that 200 lbs. on a rope one inch in diameter 
is a safe and economicat working strain When the strain is materially 
increased, the wear is rapid. 

In the following equations 


C =cireumference of rope in inches; A Er ge Re 


D=sag of the rope in inches; = horse-power; 3 
F=centrifugal force in pounds; L=distance between pulleys in feet; 
P=pounds per foot of rope; w=working strain in pounds; 


R=force in pounds ee work; 

S=strain in pounds on the rope at the pulley; 

T =tension in pounds of driving side of the rope; 
t=tension in pounds on slack side of the rope; 
v=velocity of the rope in feet per second; 

W =ultimate breaking strain in pounds. 


W=72002; P=.03202; w=2002. 


This makes the normal working strain oe to 1/36 of the breaking 
strength, and about 1/25 of the strength at the splice. The actual strains 
are ordinarily much greater, owing to the vibrations in running, as well as 
from imperfectly adjusted tension mechanism. 

For this investigation we assume that the strain on the driving side of a 
rope is equal to 200 lbs. on a rope one inch in diameter, and an equivalent 
strain for other sizes, and that the rope is in motion at various velocities of 
from 10 to 140 ft. per second. 

The centrifugal force of the rope in running over the pulley will reduce 

3 
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the amount of force available for the transmission of power. The centrifu- 
_ galforce # = Py? +g. 
i At a speed of about 80 ft, per second, the centrifugal force increases faster 
_ than the power from iacreased velocity of the rope, and at about 140 ft, per 
_ second equals the assumed allowable tension of the rope. Computing this 
_ force at various speeds and then subtracting it from the assumed maximum 
_ tension, we have the force available for the transmission of power. The 
whole of this force cannot be used, because a certain amount of tension on 
the slack side of the rope is needed to give adhesion to the pulley. What 
tension should be given to the rope for this purpose is uncertain, as there 
are no experiments which give accurate data. It is known from considerable 
_ experience that when the rope runs in a groove whose sides are inclined 
toward each other at an angle of 45° there is sufficient adhesion when the 
ratio of the tensions 7+ t = 2. 
For the present purpose, T can be divided into three parts: 1. Tension 
_ doing useful work; 2. Tension from centrifugal force; 3. Tension to balance 
the strain for adhesion. 
_ _ The tension ¢ can be divided into two parts: 1. Tension for adhesion; 
2. Tension from centrifugal foree, 
It is evident, however, that the tension required to do a given work should 
_ not be materially exceeded during the life of the rope. 
There are two methods of putting ropes on the pulleys; one in which the 
_ ropes are single and spliced on, being made very taut at first, and less so as 
the rope lengthens, stretching until it slips, when it is respliced. The other 
- method is to wind a single rope over the pulley as many turns as needed to 
obtain the necessary horse-power and put a tension pulley to give the neces- 
_ sary adhesion and also take up the wear. The tension ¢ required to trans- 
mit the normal horse-power for the ordinary speeds and sizes of rope iscom- 
_ puted by formula (1), below. The total tension 7 on the driving side of the 
_ rope is assumed to be the same at all speeds. The centrifugal force, as well 
_ as an amount equal to the tension for adhesion on the slack side of the rope, 
‘must be taken from the total tension 7' to ascertain the amount of force 
available for the transmission of power. ! 
It is assumed that the tension on the slack side necessary for giving 
adhesion is equal to one half the force doing useful work on the driving side 


of the rope; hence the force for useful work is R = Raa ; and the ten- 
sion en the slack side to give the required adhesion is 14(T — #7’). Hence 


f 


ee 


re 


ta Raa oe oO 


- The Sum of the tensions T and ¢ is not the same at different speeds, as the 
equation (1) indieates. 

As F varies as the square of the velocity, there is, with an increasing 
speed of the rope, a decreasing useful force, and an increasing total tension, 
 t, on the slack side, 

With these assumptions of allowable strains the horse-power will be 


a) (ebrwtelvePveicba. lather of Me) 


Transmission ropes are usually from 1 to 134 inches in diameter. A com- 
putation of the horse-power for four sizes at various speeds and under 
ordinary conditions, based on a maximum strain equivalent to 200 Ibs. for a 
_ rope one inch in diameter, is given in Fig. 166. The horse-power of other 
sizes is readily obtained frem these. The maximum power is transmitted, 
under the assumed conditions, at a speed of about 80 feet per second. 

The wear of the rope is both internal and external; the internal is caused. 
by the movement of the fibres on each other, under pressure in bending 
_ over the sheaves, and the external is caused by the slipping and the wedg- 

ing in the grooves of the pulley. Both of these causes of wear are, within 
_ the limits of ordinary practice, assumed to be directly proportional to the 
speed. Hence, if we assume the coefficient of the wear to be k, the wear 
will be kv, in which the wear increases directly as the velocity, but the 
horse-power that can be transmitted, as equation (2) shows, will not vary at 
the same rate, 

__. The rope is supposed to have the strain 7 constant at all speeds on the 
driving side, and in direct proportion to the area of the cross-section; hence 


nm 
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the catenary of the driving side is not affected by the speed or by the diam- 
eter of the rope. = 1 
The deflection of the rope between the pulleys on the slack side varies 
with Pine change of the load or change of the speed, as the tension equatien 
(1) indicates. A 
The deflection of the rope is computed for the assumed value of T and t 
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Horse Power of manilla 
rope at various speeds.| J 
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by the parabolic formula S = =D -++ PD, S being the assumed strain Ton 


the driving side, and ¢, calculated by equation (1), on the slack side. The 
tension ¢ varies with the speed. i 


Horse-power of Transmission Rope at Various Speeds. 
Computed from formula (2), given above. 


S i woud 
. Speed of the Rope in feet per minute, 2 © Ba 
Ete) ghas 
am 1500 | 2000 | 2500 | 3000 | 3500] 4000) 4500) 5000] 6000) 7000! s000 Bea's 
4% | 1.45] 1.9) 2.3] 2.7] 8 | 3.2) 3.4) 3.4] 3.1] 2.21 0 | 20 
6g] 2.3] 8.2) 3.6 | 4.2] 4.6! 5.0) 5.3] 5.3] 4.9] 3.4] 0 24 
| 3.8] 4.3] 5.2) 5.8] 6.7] 7.2) 7.7) 7.7) 71} 4:91 0 80 
%| 4.5| 5.9| 7.0| 8:2] 9:1] 9:8] 10:8 10'8| 9:31 Go| 0 | 36 
5.8 | 7.7 | 9.2 } 10.7 | 11.9] 12.8] 13.6] 13.7] 12.5] 8.8] 0 42 
134 | 9.2 | 12.1 | 14.8 | 16.8 | 18.6] 20.0] 21-2! 21.4] 19.5] 13.8] 0 54 
144 | 13.1 | 17.4 | 20-7 | 23:1 | 26.8 28.8] 80.6] 30.8] 28.2] 19.8] 0 60 
134 | 18 | 28.7 | 28.2 | 82.8 | 36.4] 39.9) 41.5] 41.8] 37.4] 27.6] 0 72 
2 | 23.2 | 30.8 | 36.8 | 42.8 | 47.6) 51.2] 54.4] 54.8] 50 | 35.2] 0 84 


en following notes are from the circular of the C. W. Hunt Co., New 
ork ; 

For a temporary installation, when the rope is not to be long in use, it 
might be advisable to increase the work to double that given in the table. 

For convenience in estimating the necessary clearance on the driving and 
on the slack sides, we insert a table showing the sag of the rope at different 
speeds when transmitting the horse-power given in the preceding: table, - 
When at rest the sag is not the same as when running, being greater on the 
driving and less on the slack sides of the rope. The sag of the driving side 
when transmitting the normal horse-power is the same no matter what siza 
of rope is used or what the speed driven at, because the assumption is that 
the strain on the rope shall be the same at all speeds when transmitting the » 


' 
ike 
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_ assumed horse-power, but on the slack side the strains, and consequently 
_ the sag, vary with the speed of the rope and also with the horse-power. 
The table gives the sag for three speeds. If the actual sag is less than given 
_ in the table, the rope is strained more than the work requires. 
_ _ This table is only approximate, and is exact only when the rope is running 
at its normal speed, transmitting its full load and strained to the assumed 
amount. All of these conditions are varying in actual work, and the table 
must be used as a guide only. 


Sag of the Rope between Pulleys. 


Distance | Driving Side. Slack Side of Rope. 
between 
— Pulleys |———— 
e in feet. All Speeds. 80 ft. per sec. | 60 ft. per sec. | 40 ft. per sec. 
40 Ofeet 4inches} Ofeet Tinches} Ofeet 9inches| 0 feet 11 inches 
60 0 oe 10 “ 1 a 5 “ 1 “ 8 “ 1 “ ll oe 
80 1 “ 5 “ 2 “ 4 oe 2 “ 10 “ 38 “7 3 “ 
100 2 “ee 0 “ 3 £13 8 “ 4 “ 5 “ 5 “ 2 a“ 
120 2 a“ il “ 5 oe 8 “ 6 “ 3 “ Ys “ 4 o 
140 83 “ 10 “ Vd “ 2 “ec 8 hid 9 “ 9 “ 9 “ 
160 5 ee 1 “ 9 e 3 o ll ae 3 td 14 “ 0 “ee 


ee ee ie SE SS, 
The size of the pulleys has an important effect on the wear of the rope— 
the larger the sheaves, the less the fibres of the rope slide on each other, and 
consequently there is less internal wear of the rope. The pulleys should not 
be less than forty times the diameter of the rope for economical wear, and 
_ as much larger as it is possible to make them. This rule applies also to the 
_ idle and tension pulleys as well as to the main driving-pulley. 
_ _.The angle of the sides of the grooves in which the rope runs varies, with 
_ different engineers, from 45° to 60°. It is very important that the sides of 
_ these grooves should be carefully polished, as the fibres of the rope rubbing 
_ on the metal as it comes from the lathe tools will gradually break fibre by 
fibre, and so give the rope a short life. It is alsonecessary to carefully avoid 
all sand or blow holes, as they will cut the rope out with surprising rapidity. 
Much depends also upon the arrangement of the rope on the pulleys, es- 
pecially where a tension weight is used. Experience shows that the 
increased wear on the rope from bending the rope first in one direction and 
then in the other is similar to that of wire rope, At mines where two S 
are used, one being hoisted and one lowered by the same engine doing the 
same work, the wire ropes, cut from the same coil, are usually arr: so 
_ that one rope is bent continuously in one direction and the other rope is bent 
first in one direction and then in the other, in winding on the drum of the 
engine. The rope having the opposite bends wears much more rapidly than 
the other, lasting about three quarters as long as its mate. This difference 
_ in wear shows in manila rope, both in transmission of power and in coal- 
hoisting. The pulleys should be arranged, as far as possible, to bend the 
rope in one direction. 
TENSION ON THE SLACK PART OF THE ROPE. 


Speed of iameter of the Rope and Pounds Tension on the Slack Rope. 
Rope, in feet 


per second. | 1¢ | 5 4% % 1 14 14g 134 2 


4 20 io | a7 | 40] 54 | 7 | 110] 162 | 216 | 288 
“ 30 14 | 99 | 42 | 56 | 74 | 115] 170 | 226 | 296 
40 15 | 31 | 4 | 60 | 79 | 123] 181 | 240 | 315 
y 50 16 | 33 | 49 | 6 | 85 | 182] 195 | 959 | 329 
} 60 13 | 36 | 53 | 71 | 93 | 145| 214 | 985 | 373 
t 70 19 | 39 | 59 | 78 | 101 | 188] 936 | 810 | 406 
; 80 a1 | 43 8 | 111 | 173]. 255 445 
3 90 24 | 48 | 70 | 93 | 122 | 190] 979 | 372 | 487 
e 
i 
J 
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For large amounts of power it is common to use a number of ropes lying 
side by side in grooves, each spliced separately. For lighter drives some 
engineers use one rope wrapped as many times around the pulleys as is 
necessary to get the horse-power required, with a tension pulley to take up 
the slack as the rope wears when first put in use. The weight put upon this 
tension pulley should be carefully adjusted, as the overstraining of the rope 
from this cause is one of the most common errors in rope driving. We 
therefore give a table showing the proper strain on the rope for the various 
sizes, from which the tension weight to transmit the horse-power in the 
tables is easily deduced, This straincan be still further reduced if the 
horse-power transmitted is usually less than the nominal work which the 
rope was proportioned to do, or if the angle of groove in the pulleys is 
acute. 


DIAMETER OF PULLEYS AND WEIGHT oF Ropsg. 


Diameter of |Smallest Diameter|Length of Rope to} Approximate 


Rope, of Pulleys, in allow for Splicing,|Weight, in Ibs. per 
in inches. inches. in feet. foot of rope. 

20 6 12 
24 6 18 
80 @ ond 
% 36 8 122 
1 42 9 49 
1 54 10 -60 
1 60 12 83 
134 72 13 1,10 
2 84 14 1.40 


With a given velocity of the driving-rope, the weight of rope required for 
transmitting a given horse-power is the same, no matter what size rope is 
adopted. The smaller rope will require more parts, but the weight will be 
the same. 

Miscellaneous Notes on Rope-driving.—W. H. Booth commu- 
nicates to the Amer. Machinist the following data from English practice with | 
cotton ropes. The calculated figures are based on a total allowable tension 
on a 134-inch rope of 600 lbs., and an initial tension of 1/10 the total allowed 
stress, which corresponds fairly with practice. 


Diameter of rope......:......... wees 144” 136" 116” 156 134” 1767 97 
Weight per foot, lbs............... spa *% -72 844 98 1.125 1.3 
Centrifugal tension= V2divided by 64 538 44 88 a3 28 2 


for V = 80 ft. persec., Ibs. 100 121 145 170 193 228 256 
Total tension allowable 


- 800 360 430 500 600 675 780 
Initial tension... ....... , 


SEP AR) 
Net working tension at 80 ft.velocity 170 203 242 280 347 380 446 
Horse-power perrope ‘ a 24 


The most usual practice in Lancashire is summed up roughly in the fol- 
lowing figures: 134-inch cotton ropes at 5000 ft. per minute velocity = 50H.P. 
per rope. The most common sizes of rope now used are 134 and 15g in. The 
maximum horse-power for a given rope is obtained at about 80 to 83 feet 
per second. Above that speed the power is reduced by centrifugal tension. 
Ata speed of 2500 ft. per minute four ropes will do about the same work as 
three at 5000 ft. per min. 

Cotton ropes do not require much lubrication in the sense that it is re- 
quired by ropes made of the rough fibre of manila hemp. Merely a slight 
surface dressing is all that is required. For small ropes, common in spin- 
ning machinery, from 44 to 34 inch diameter. it is the custom to prevent the 
fiuffing of the ropes on the surface by a light application of a mixture of 
black-lead and molasses,—but enly enough should be used to lay the fibres,— 
put upon one of the pulleys in a series of light dabs. 

Reuleaux’s Constructor gives as the “ specific capacity ” of hemp rope in 
actual practice, that is, the horse-power transmitted per square inch of 
cross-section for each foot of linear velocity per minute, .004 to .002, the 
cross-section being taken as that due to the full outside diameter of the 
rope. For a 134-in. rope, with a cross-section of 2.405 sq. in., at a velocity of 
5000 ft. per min., this gives a horse-power of from 24 to 48, as against 41,3 
by Mr. Hunt’s table and 49 by Mr. Booth’s, ‘ 
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_ Reuleaux gives formule for calculating sources of loss in ‘hemp-rope 
transmission due to (1) journal friction, (2) stiffness of ropes, and (3) creep 
' ofropes. The constants in these formule are, however, uncertain from 
| lack of experimental data. He calculates an average case giving loss of 
power clue to journal friction = 4%, to stiffness 7.8%, and to creep 5%, or 16.8% 
in all, and says this is not to be considered higher than the actual loss. 
f Spencer Miller, in a paper entitled ‘‘ A Problem in Continuous Rope-driv- 
- ing” (Trans. A. 8. C. E., 1897), reviews the difficulties which occur in rope- 
driving, with a continuous rope froma large to a small pulley. He adopts 
the angle of 45° as a minimum angle to use on the smaller pulley, and 


such that the resistance to slipping is equal in both wheels. By doing this 
_ the effect of the tension weight is felt equally throughout all the slack 
strands of the rope-drive, hence the tight ropes pull equally. It is shown 
_ that when the wheels are grooved alike the strains in the various a may 
_ differ greatly, and to such a degree that danger is introduced, for while one- 
half the tension weight should represent the maximum strain on the slack 
_ rope, it is demonstrated in the paper that the actual maximum strain may 
be even four or six times as great. ; 
_Ina drive such as is recommended, with a wide angle in the large sheave 
- with the larger are of contact, the conditions governing the ropes are the 
_ same as if the wheels were of the same diameter; and where the wheels are 
_ of the same dianieter, with a proper tension weight, the ropes pull alike. It 
is claimed that by widening the angle of the large sheave not only is there 
_ no power lost, but there is actually a great gain in power transmitted. An 
_ example is given in which it is shown that in that instance the power trans- 
_ mitted is nearly doubled. Mr. Miller refers to a 250-horse-power drive which 
_ has been running ten years, the large pulley being grooved 60° and the 
smaller 45°. This drive was designed to use a 134-in. manila rope, but the 
_ “grooves were made deep enough so that a %-in. rope would not bottom. In 
_ order to determine the value of the drive a common ¥%-in. rope was put in 
at first,and lasted six years, working under a factor of safety of only 14. 
_ He recommends, however, the employment in continuous rope-driving of a 
factor of safety of not less than 20. 

The Walker Company adopts a curved form of groove instead of one with 
straight sides inclined to each other at 45°. The curves are concave to the 
_ rope, The rope rests on the sides of the groove in driving and driven pul- 
- leys. In idler pulleys the rope rests on the bottom of the groove, whic 
semicircular. The Walker Compaay also uses a “ differential’? drum for 
_ heavy rope-drives, in which the grooves are contained each in a separate 
_ ring which is free to slide on the turned surface of the drum in case one rope 
' pulls more than another. 

A heavy rope-drive on the separate, or’English, rope system is described 
and illustrated in Powe, April, 1892. It is in use at the India Mill at Darwen, 
_ England. This mill was originally driven by gears, but did not prove success- 
ful, and rope-driving was resorted to. The 85,000 spindles and preparation 
are driven by a 2000-horse-power tandem compound engine, with cylinders 
23 and 44 inches in diameter and 72-inch stroke, running at 54 revolutions 
per minute. The fly-wheel is 30 feet in diameter, weighs 65 tons, and is 
arranged with 30 grooves for 134-inch ropes. These ropes lead off to receiv- 
ing-pulleys upon the several floors, so that each floor receives its power direct 
from the fly-wheel. The speed of the ropes is 5089 feet per minute, and five 
_ %-foot receivers are used, the number of ropes upon each being proportioned 
to the amount of power Se ae upon the several floors. Lambeth cotton 
' ropes are used. ror much other information on this subject see ‘‘ Rope: 
Driving,” by J. J. Flather, John Wiley & Sons, 1895.) 


Pied tes 


recommends that the larger pulley be grooved with a wider angle to a degree — 


- 
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Friction is defined by Rankine as that force which acts between nyo 
bodies at their surface of contact so ar to resist their sliding on each other, 
and which depends on the force with which the bodies are pressed together. 

Coefficient of Friction.—The ratio of the force required to slide a 
body along a horizontal plane surface to the weight of the body is called the 
coefficient of friction. It is equivalent to the tangent of the angle of repose, 
which is the angle of inclination to the horizontal of an_inclined plane on 
which the body will just overcome its tendency toslide. Theangleis usually 
denoted by @, and the coefficient by f. f=tan@. 

Friction of Rest and of Motion.—The force required to start a 
body sliding is called the friction of rest, and the force required to continue 
its sliding after having started is called the friction of motion. 

Rolling Friction is the force required to roll a cylindrical or spheri- 
eal body on a plane or on a curved surface. It depends on the nature of the 
surfaces and on the force with which they are pressed together, but is 


Friction of Solids,—Rennie’s experiments (1829) on friction of solids, 
unlubricated and dry, led to the following conclusions: 
1. The laws of sliding friction differ with the character of the bodies 


friction of fibrous material is increased by increased extent of 
Surface and by time of contact, and is diminished by pressure and speed. 
With wood, metal, and stones, within the limit of abrasion, friction 
varies only with the pressure, and is independent of the extent of surface, 
time of contact and velocity. . 
4. The limit of abrasion is determined by the hardness of the softer of the 
two rubbing parts. , 
5. Friction is greatest with soft and least with hard materials. - 
6. The friction of lubricated surfaces is determined by the nature of the 
lubricant rather than by that of the solids themselves, 


Friction of Rest. (Rennie.) 


Pressure, Values of ‘f3 
Ibs. ; <= 
per = a Wrought iron on! Wrought on Steel on Brass on 
ini Wrought Iron. Cast Iron. Cast Iron. Cast Tron. 
187 5 228 -30 23 
24 27 -29 -33 -2 
336 31 33 35 -21 
448 38 37 35 21 
560 41 37 36 23 
672 Abraded 38 40 23 
4 a | Abraded Abraded -23 
——————— A aed | Abraded | 


Law of Unlubricated Friction.—A. M. Wellington. Eng’g News, 
April 7, 1888, states that the most important and the best determined of all 


Friction of Stee on Steel Rails, esti 
house & Galton.) aleve 
Speed, miles per hour...... ae ter 35) 45 
Coefficient of friction...._77"" - 0.110 .087 .080 .051 .047 .040 


Bolling Friction & a consequence of the irregularities of form and 
roughmess of surface of bodies rolling ome over the other. Its laws 
are not yet definitely established in comsequence of the uncertainiy which 
pxists in experiment as to how much of the resisiance is dus to of 
riace. how much to original and permanent irregularity of form, and how 


mech to distortion under the 


Coefficients of Bo! Bie ome SSE 
circumference of the wi big apres ien gy ee Anag By 
d f=a cocficient, R=fW=r. fs gives - 
Z -&65 for where W i in pounds and F in feet. 


the value of 7 for iron on iron .62 
For wagons on Soft soll Mori found f = .065, and on hard smooth roads 


: A Committee of the Society of Arts (Clark, BT. D. reported a loaded 
re to exhibit a resistance on various loads poi * 


rales. (Trantwine 
' Laws of Fluid Friction,—For all is, whether liquid or gascous, 


ike reseaaace is (1) micpendens of the pressure between the masses in 
eomtact; (2) direciir to the area of rubbing-surfsce; (3) pro- 
po on ee —— tive oO ee ee 
d to welocity nearly at low speeds; independent Bature 
surfaces of the solid inst which the stream may 2 
O Same their peal eh gg eae pesca 


gles of Repose and Coefficients of Friction of Buila- 
' ing Materiais. (from Bantine’s Sppicd Mechanic) 


damp mortar ee saree Ts 8 
: Timber Om Stom@. 2.22. 20.5.5 
‘ BR On stone. 


3 to = 1 13Swos 


‘The following is s table of the of repose 
the cuefiicient of friction Ff = tan 6, and its reciprocal, 1 +f, for the ma- 
ls of mechanism—condénsed from the tables of General Morin dS31L 
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No. Surfaces, 6. fem 1+f. 
1 |Wood on wood, dry ..... 14° to 2614° -25 to .5 4to2 
2 ees ““soaped..| 1114° to 2° -2 to .04 5 to 25 
3 |Metals on oak, dry ...... 266° to 31° .5 to .6 2 to 1.67 
4 CA OEMS Wet a aN 1314° to 14° 24 to .26 4.17 to 8.85 
5 SE Mee ROR Dyes 11144¢° 2 5 
6 ceMuSe Beira, drysess.. 1114° to 14° 2to .25 5to4 
% |Hemp on oak, dry....... 28° 53 1.89 
8 Stes Pee. Mates a 184° 33 3 
9 |Leather on oak.......... 15° to 19149 -27 to .38 3.7 to 2.86 
10 Be “* metals, dry.. 291469 .56 1.79 
11 2 wet.. 20° 236 2.78 
12 by “greasy 13° = 4.35 
13 ss st See OLY a 816° 15 6.67 
14 |Metals on metals, dry... 814° to 11° .15 to .2 6.67 to 5 
gs RAP ep Cee ot Nae 1614° i 3.33 
16 |Smooth surfaces, occa- 
sionally greased....... 4° to 41¢° -07 to .08 14.3 to 12.5 
17 |Smooth surfaces, con- 
tinuously greased..... 8° 05 20 
18 |Smooth surfaces, best 
Posiltg Oe oa heels 134° to 2° -08 to .0386 | ..... aanese 
19 |Bronze on lignum vite, 
constantly wet......... 3°? 205:? = 0 econ 


Coeflicients of Friction of Journals, (Morin.) 
eer: 


Lubrication. 
Material. Unguent, van 
Intermittent. | Continuous. 


Cast iron on cast iron....4 Speer apa ae OS 108 to). : 
Oil, lard, tallow. -07 to .08 -03 to .054 

Cast iron on bronze...... | Unetuous and wet. 16 

Cast iron on lignum-vitee.. Onl Mardi) mack raee ale ete cae eee -09 

Perea ee cn pertinent Oil, lard, tallow. | .07 to .08 |} .08 to .054 

Tron on lignum Vite. .... | Beane at 

Bronze on bronze........ | esp ie - 


Prof. Thurston says concerning the above figures that much better results 
are probably obtained in good practice with ordinary machinery. Those 
here given are so greatly modified by'variations of speed, presen, and tem- 
perature, that they cannot be taken as correct for general purposes. 

Average Coefficients of Friction. Journal of cast iron in bronze 
bearing; velocity 720 feet per minute; temperature 70° F.; intermittent 
feed through an oil-hole. (Thurston on Friction and Lost Work.) 


Pressures, pounds per square inch. 
Oils, Sas Se aise sonar ee eS ee 
8 16 82 48 


Sperm, lard, neat’s-foot,ete.|.159 to .250].138 to .192].086 to -141) .077 to .144 
Olive, cotton-seed, rape, ete.|.160 “* .283).107 ** .245].101 ‘* .168] 079 * 1131 
Cod and menhaden.. ..,...|.248 “ .978].194 “« [767 -097 “ .102] 081 ** |122 
Mineral lubricating-oils. ...|.154 “ 1261|.145 “ 1933]08¢ « 178! 094. * .222 


With fine steel journals running in bronze bearings and continuous lubri- 
cation, coefficients far below those above given are obtained. Thus with 
sperm.-oil the coefficient with 50 Ibs, per square inch pressure was .0034; with 
200 Ibs., .0051; with 300 Ibs . .0057. > 


t 
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for very low pressures, as in spindles, the coefficients ate much higher. 
Thus Mr, Woodbuvy found, at a temperature of 100° and a velocity of 600 - 
feet per minute, 
Pressures, lbs. per sq.in,..... 1 2 3 4 5 
Coeiheient siciaveetahssinse asleaeOOr Melek eee Mele. hehe 


These hig.. coefficients, however, and the great decrease in the coefficient 
at increased pressures are limited as a practical matter only to the smaller 

ressures which exist especially in spinning machinery, where the pressure 
B so light and the film of oil so thick that the viscosity of the oil is animport- 
ant part of the total frictional resistance, 
' Experiments on Friction of a Journal Lubricated by an 
@Oil-bath (reported by the Committee on Friction, Proc. Inst. M. E., 
Nov. 1883) show that the absolute friction, that is, the absolute tangential 


force per square inch of bearing, required to resist the tendency of the brass 


to go round with the journal, is nearly a constant under all loads, within or- 
dinary working limits. Most certainly it does not increase in direct propor- 


tion to the load, as it should do according to the ordinary theory of solid 


friction. The results of these experiments seem to show that the friction of 


_a perfectly lubricated journal follows the laws of liquid friction much more 


closely than those of solid friction. They show that under these cireum- 

stances the friction is nearly independent of the pressure:per square inch, 
and that it increases with the velocity, though at a rate not nearly so rapid 
as the square of the velocity. ‘ ‘ 

The experiments on friction ot different temperatures indicate a great 
diminution in the friction as the temperature rises, Thus in the case of 
lard-oil, taking ¢ speed of 450 revolutions per minute, the coefficient of fric- 
tion at a temperature of 120° is only one third of what it was at a tempera- 


ture of 60. 


The journal was of steel, 4 inches diameter and 6 inches long, and a gun- 
metal brass, embracing somewhat less than half the circumference of the 
journal, rested on its upper side, on which the load was applied. When the 
ottom of the journal was immersed in oil, and the oil therefore carried 
under the brass by rotation of the journal, the greatest load carried with 
rape-oil was 573 Ibs. per square inch, and with mineral oil 625 lbs, 
In experiments with ordinary lubrication, the oil being fed in at the cen- 


_ tre of the top of the brass, and a distributing groove being cut in the brass 


} 
y 


parallel to the axis of the journal, the bearing would not run cool with only 
100 lbs. per square inch, the oil being pressed out from the bearing-surface 
and through the oil-hole, instead of being carried in by it. On introducing 


_ the oil at the sides through two parallel grooves, the lubrication appeared 


to be satisfactory, but the bearing seized with 380 lbs. per square inch. 
When the oil was introduced through two oil-holes, one near each end of 


_ the brass, and each connected with a curved groove, the brass refused to 
_ take its oil or run cool, and seized with a load of only 200 lbs. per square 


inch. 
With an oil-pad under the journal feeding rape-oil, the bearing fairly car- 


vied 551 Ibs. Mr. Tower’s conelusion from these experiments is that the 


friction depends on the quantity and uniformity of distribution of the oil, 


_ and may be anything between the oil-bath results and seizing, according to 


* 


the perfection or imperfection of the lubrication. The lubrication may be 
very small, giving a coefficient of 1/100; but it appeared as though it could 


_ not be diminished and the friction increased much beyond this point with- 


out imminent risk of heating and seizing. The oil-bath probably represents 
the most perfect lubrication possible, and the limit beyond which friction 


» eannot be reduced by lubrication; and the experiments show that with speeds 


of from 100 to 200 feet per minute, by properly proportioning the bearing- 


- surface to the load, it is possible to reduce the coefficient of friction toas low 
as 1/1000. A coefficient of 1/1500 is easily attainable, and probably is fre- 


quently attained, in ordinary engine-bearings in which the direction of the 


_ force is rapidly alternating and the oil given an opportunity to get between 


the surfaces, while the duration of the force in one direction is not sufficient 
to allow time for the oil film to be squeezed out. 
Observations on the behavior of the apparatus gave reason to believe that 


_ with perfect lubrication the speed of minimum friction was from 100 to 150 


_ with an increase of load, and also wi 


feet per minute, and that this speed of nape friction tends to be higher 
C th less perfect Inbrication. By the 
speed of minimum friction is meant that speed in approaching which from 


_ rest the friction diminishes, and above which the friction increases, 
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sttact of results of Tower's esperincats os anion fe Pate A 
1683). Journal, 4 in. diam., 6 in. long; temperature, SP F. 

Nominal Load, in pounds per square inch. 
Coefficients of Friction. 


Lubricant in Bath. 


-0009) 0012 | cool i 
-0017 0021 | 0029) . 


-0035} 0016). | -O084) OTE 
0022} 0027} f! 


: -001_ | 0009) 0008! 0014 .902 |_004 
a7t, * pe AEE SS ASE PON RSC ~0015 | G16) .0016 0024 004 | 007 
Mineral-oil : : 1 
157 ft. per min.................-| 0013 | .0012!_0012] .co14! 0021). ...-] 004 
4312S P innaonabkies Alecios 0018} . i iH Re 007 
Rape-oilfed by syphon lubricator: 
157 ft. per min. 125 
i$ pee a ) O1S2 


Comparative friction of different lubricants under Saline circumstances, 
temperature 90°, oil-bath: 


Coefficients of Friction of Motion and of Best of a 
Journal,—A cast-iron journal in steel boxes. tested by Prof. Thorston af 
a speed of rubbing of 150 feet per minute, with lard and with sperm oil, 
gave the following: ; 


Pressures per sq. in., Ibs..... 50 100 = 500 7 1000 
sperm. - .O1 Obs OS an 


Coeff., with -013 -008 -005 A iy 609 
a oe 02 0137 =.0055 0053 OE 015 
The coefficients at starting were: 

With sperm O07 135 4 -15 185 -18 

Witla oo a ae. eds 07 <1 -i1 -10 12 -2 


The coefficient at a speed of 150 feet per minute decreases with inerease 
of pressure until 500 Ibs. per sq. in. is reached; above this it increases. The 
coefficient at rest or at starting increases with the pressure throughout the 
range of the tests. 

Value of Anti-friction Metals. (Denton.)—The various white 
metals available for lining brasses do not afford eccficients of friction 
lower than can be obtained with bare brass, but they are less liable to 
“ overheating,” because of the superiority of such material over bronze in 
eoar to permit of abrasion or crushing, without excessive increase of 

iction. 

Thurston (Friction aud Lost. Work) says that gun-bronze, Babbitt, and ~ 
other soft white alloys have substantially the same friction: in other wor 
the friction is determined by the nature of the i and not by that of! 
the rubbing-surfaces, when the latter are in order, The soft metals 
run at higher temperatures than the bronze. This, however, does not nec- 
essarily indicate a serious defect, but simply deficient ity. The 
value of the white alloys for bearings lies inainly in their ready reduction 
to a smooth surface after any local or general injury by alteration of either 
suriace or form, * 

= , 
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_ Cast-iron for (Joshua Rose.)—Cast iron to be az 
ieepcoe tn Cincsemetat cee ruc, that the harder the metal the greater the 
! re) 


2 The coefficient and amouni of friction, pressure being the same, & in- 
(oy gc pempedlechanipe t= im contact. 
- gy hansen sa pacman 38 independent of fen ptaar, Sma 


Des 
es ee Ses Se cammensis on these “laws” as on fallen yates 


q Ss imeccurate as 

: of Movine Friction of Smooth Pisne S perfectty bubas- 
Sieh which may te found fe hundreds of fext books aoe bre the eoefi- 

: bf wrought irom on brass is given as 07S to 108, which would make the 

y “= aeabaipieaas Steé hs. 


au tees Msn of Uae enn of thes orperimeuha Cheamciver) Thesaaieeemac 


ine resistance, fluid = 
Prof. J. E. Denton (Stevens indicafor, Jalr, 1890) says: It bas been gen- 
assumed that frietion between lubricated surfaces follows the sim 


tween surfaces, = of the intensity of the 
pressure ee ee ee ree i 
ice. that the fixed fom te Ss represented by the co- 
tents of friction gi by the experiments of Morin or obtained from ex- 
i dam : conditions of ieal tubrication, seach as 
ven in Webber's Manual of Power. © 
BY of TF on, Woodbury, Tower, etc. however, & 
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chine bearings, is not directly proportional to the pressure, is not indepen- 
dent of the speed, and that the coefficients of Morin and Webber are about 
tenfold too great for modern journals. 

Prof. Denton offers an explanation of this apparent contradiction of au- 
thorities by skowing, with laboratory testing-machine data, that Morin’s 
laws hold for bearings lubricated by a restricted feed of lubricant, such as 
is afforded by the oil-cups common to machinery; whereas the modern ex- 
periments have been made with a surplus feed or superabundance of lubri- 
cant, such as is provided only in railroad-car journals, and a few special 
cases of practice. + 

That the low coefficients of friction obtained under the latter conditions | 
are realized in the case of car-journals, is proved by the fact that the tem- 

rature of car-boxes remains at 100° at high velocities; and experiment shows 
Prat this temperature is consistent only with a coefficient of friction ofa 
fraction of one per cent. Deductions from experiments on train resistance 
also indicate the same low degree of friction. But these low co-efficients do 
not account for the internal friction of steam-engines as well as do the co 
efficients of Morin and Webber. * 

In American Machinist, Oct. 28, 1890, Prof. Denton says: Morin’s measure- 
ment of friction of lubricated journals did not extend to light pressures, 
They apply only to the conditions of general shafting and engine work. 

He clearly understood that there was a frictional resistance, due solely to 
the viscostty of the oil, and that therefore, for very light pressures, the laws 
which he enunciated did not prevail. 

He applied his dynamometers to ordinary shaft-journals without special 
Ss Say of the rubbing-surfaces, and without resorting to artificial 
methods of supplying the oil. 

Later experimenters have with few exceptions devoted themse] ves exclu- 
Sively to the measurement of resistance practically due to visccsity alone. 
They have eliminated the resistance to which Morin confined his measure- 
ments, namely, the friction due to such contact of the rubbing-surfaces as 
poe with a very thin film of lubricant between comparatively rough sur- 
‘aces, 

Prof. Denton also says (Trans. A. S. M. E., x. 518): “I do not believe there 
is a particle of proof in any investigation of friction ever made, that Morin’s 
laws do not hold for ordinary practical oil-cups or restricted rates of feed.” ° 

Laws of Friction of well-lubricated Journals,—John 
Goodman (Trans. Inst. C. E. 1886, Engg News, Apr. 7 and 14, 1888), review~ 
ing the results obtained from the testing-machines of Thurston, Tower, and 
Stroudley, arrives at the following laws: 


Laws oF FRIcTION: WELL-LUBRICATED SURFACES, 
(Oil-bath.) 


1, The coefficient of friction with the surfaces efficiently lubricated is from 
1/6 to 1/10 that for dry or scantily lubricated surfaces. 

2, The coefficient of friction for moderate pressures and speeds varies ap- 
proximately inversely as the normal Presser the frictional resistance va- 
ries as the area in contact, the norma pressure remaining constant. 

3. At very low journal speeds the coefficient of friction is abnormally 
high; but as the speed of sliding increases from about 10 to 100 ft. per min, 
the friction diminishes, and again rises when that speed is exceeded, varying 
approximately as the square root of the speed. 

4. The coefficient of friction varies approximately inversely as the temper- 
ature, within certain limits, namely, just before abrasion takes place. 

The evidence upon which these laws are based is taken from various mod- 
ern experiments. That relating to Law 1 is derived from the “ First Report 
on Friction Experiments,” by Mr. Beauchamp Tower. 


Method of Lubrication. Bree te valta 
OUIRthi se Ceenon cassstisteine atteeiwcceaeasck -00139 1.00 
Siphon lubricator........... 0098 7.06 
Pad under journal .......... -0090 6.48 


With a load of 298 lbs. per sq. in, and a journal speed of 314 ft, per min.» 
Mr. Tower found the coefficient of friction to be .0016 with an oil-bath, and. 
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0097, or six times as much, ‘with a pad. ‘The very low coefficients ob- 
tained by Mr. Tower will be accounted for by Law 2, as he found that the 
Be vtional resistance per square inch under varying loads is nearly constant, 
as below: 


f Load in Ibs. per sq. in..... 529 468 «46415 4863 6810 258 205 158 100 
Frictional resist. persq.in. .416 .514 .498 .472 .464 .438 .48 .458 .45 - 


__The frictional resistance per square inch is the product of the coefficient 
_ of friction into the load per square inch on horizontal sections of the brass. 
Hence, if this product be a constant, the one factor must vary inversely as 
_ the other, or a high load will give a low coefficient, and vice versa. 

For ordinary lubrication, the coefficient is more constant under varying 
| ae the frictional resistance then varies directly as the load, as shown by 
Mr. Tower in Table VIII of his report.(Proc. Inst. M. BE. 1893). 

_ With respect to Law 3, A. M. Wellington (Trans. A, S. C. BE. 1884), in ex- 
periments on journals revolving at very low velocities, found that the friction 
_ was then very great, and nearly constant under varying conditions of the 

lubrication, load, and temperature. But as the speed increased the friction 
_ fell slowly and regularly, and again returned to the original amount when 
b 3 ee velocity was reduced to the same rate. This is shown in the following 
ef CH 

Speed, feet per minute: 

; 2.16 38.33 4.86 8.82 21.42 85.87 58.01 89.28 106.02 
Coefficient of friction: 

-118 .094 .070 .069 .055 .047 040 035 080 026 
_ It was also found by Prof. Kimball that when the journal velocity was in- 
creased from 6 to 110 ft. per minute, the friction was reduced 704; in another 

“ease the friction was reduced 67% when the velocity was increased from 1 to 
100 ft. per minute; but after that point was reached the coefficient varied 
approximately with the square root of the velocity. 

_ The following results were obtained by Mr. Tower: 


Nominal Load 


Feet per minute...} 209 | 262 | 314 | 366 | 419 | 471 


per sq. in. 
Coeff. of friction..| .0010| .0012} .0013| .0014) .0015] .0017 520 Ibs. 
a. fe Sh -0013} .0014] .0015} .0017) .0018] .002 468 ‘* 
3 ba = -0014) .0015) .0017! .0019] .0021] .0024 Abe 


a The variation of friction with temperature is approximately in the inverse 
ratio, Law4. Take, for example, Mr. Tower’s results, at 262 ft. per minute: 


110° 100° 90° go° 70° 60° 


+0044 0051 -006 0073 -0092 +0119 
00451 00518 -00608 00733 -00964 01252 


This law does not hold good for pad or siphon lubrication, as then the co- 
efficient of friction diminishes more rapidly for given increments of tem- 
pe cature, but on a gradually decreasing scale, until the normal temperature 

as been reached; this normal temperature increases directly as the load 
“per sq. in. This is shown in the following table taken from Mr. Stroudley’s 
experiments with a pad of rape oil: 


105° | 110° | 115° | 120° | 125° | 130° | 185° | 140° | 145° 
vas.) 022 0180} .0160} .0140| .0125| 0115] .0110] 0106] .o102 
“Decrease of coeff..!...... -0040' .0020] .0020} .0015} .0010! .0005} .0004! .0002 
RS eA a Se 2 EE he RE adil IB ENE Sa UD DUO vata CAL 
__ In the Galton-Westinghouse experiments it was found that with velocities 
below 100 ft. per min., and with low pressures, the frictional resistance 
‘varied directly as the normal pressure; but when a velocity of 100 ft. per 
“min. was exceeded, the coefficient of friction greatly diminished; from the 
ne experiments Prof. Kennedy found that the coefficient of friction for 
high pressures was sensibly less than for low. : 


_ Allowable Pressures on Bearing-surfaces, (Proc. Inst. M. EB, 
“May, 1888,)—The Committee on Friction experimented with a steel ring of 


. 
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rectangular section, pressed between two cast-iron disks, the annular bear: 
ing-surfaces of which were covered with gun-metal, and were 12 in: inside 
diameter and 14 in. outside. The two disks were rotated together, and the 
steel ring was prevented from rotating by means of a leyer, the holding 
force of which was measured. When oiled through grooves cut in each face 
of the ring and tested at from 50 to 130 revs. per min., it was found that a 

ressure of 75 Ibs. per sq. in. of bearing-surface was as much as it would 
Pear safely at the highest speed without seizing, although it carried 90 lbs. 
per sq. in. at the lowest speed. The coefficient of friction is also much 
higher than for a cylindrical bearing, and the friction follows the law of the 
friction of solids much more nearly than that of liquids. This is doubtless 
due to the much less perfect lubrication applicable to this form of bearing 
compared with a cylindrical one. The coefficient of friction appears to be 
about the same with the same load at all speeds, or, in other words, to be 
independent of the speed; but it seems to diminish somewhat as the load is 
increased, and may be stated approximately as 1/20 at 15 Ibs. per sq. in., 
diminishing to 1/30 at 75 lbs. per sq. in. 

The high coefficients of friction are explained by the difficulty of lubricat- 
ing a collar-bearing. It is similar to the slide-block of an engine, which can 
cerry. only about one tenth the load per sq. in. that can be carried by the 
crank-pins, 

In experiments on cylindrical journals it has been shown that when a 
cylindrical journal was lubricated from the side on which the pressure bore, 
100 lbs. per sq. in. was the limit of pressure that it would carry; but when it 
came to be lubricated on the lower side and was allowed to drag the oil in 
with it, 600 lbs. per sq. in. was reached with impunity; and if the 600 lbs. per 
sq. in., which was reckoned upon the full diameter of the bearing, came to 
be reckoned on the sixth part of the circle that was taking the greater pro- 
portion of the load, it followed that the pressure upon that part of the cirele 
amounted to about 1200 lbs, per sq. in, 

In connection with these experiments Mr. Wicksteed states that in drill- 
ing-machines the pressure on the collars is gh pecans as high as 336 lbs. per 
sq. in., but the speed of rubbing in this case is lower than it was in any of 
the experiments of the Research Committee. In machines working very 
slowly and intermittently, as in testing-machines, very much higher pres- 
sures are admissible. 

Mr. Adamson mentions the case of a heavy upright shaft carried upon a 
small footstep-bearing, where a weight of at least 20 tons was carried on a 
shaft of 5 in. diameter, or, say, 20 sq. in. area, giving a pressure of 1 ton per 
va in. The speed was 190 to 200 revs. per min, It was necessary to force the 
oil under the bearing by means of a pump. For heavy horizontal shafts, 
such as a fly-wheel shaft, carrying 100 tons on two journals, his practice for 
getting oil into the bearings was to flatten the journal along one side 
throughout its whole length to the extent of about an eighth of an inch in 
width for each inch in diameter up to 8 in. diameter; above that size rather 
less flat in proportion to the diameter. At first sight it appeared alarming 
to get a continuous flat place coming round in every revolution of a heavily 
loaded shaft; yet it carried the oil effectually into the bearing, which ran 
ies bette® in consequence than a truly cylindrical journal without a flat 

ide, 

In thrust-bearings on torpedo-boats Mr. Thornyeroft allows a pressure of 
never more than 50 Ibs. per sq. in. 

Prof. Thurston (Friction and Lost Work, p. 240) says 7000 to 9000 Ibs. 
pressure per square inch is reached on the slow-working and rarely-moved 
pivots of swing-bridges. 

Mr. Tower says (Proc. Inst. M. E., Jan. 1884): In eccentric-pins of punch- 
ing and shearing-machines very high pressures are sometimes used without 
seizing. In addition to the alternation in the direction, the pressure is.ap- 
pict for only a very short space of time in these machines, so that the oil 

as no time to be squeezed out. 

In the discussion on Mr. Tower’s paper (Proc, Inst. M. E. 1885) it was 
stated that it is well known from practical experience that with a constant 
load on an ordinary journal it is difficult and ‘almost impossible to have more 
than 200 lbs. per square inch, otherwise the bearing would get hot and the 
oil go out of it; but when the motion was Oe OCaHEE so that the load was 
alternately relieved from the journal, as wit crank-pins and similar jour- 
poe much higher loads might be applied than even 700 or 800 lbs. per square | 

C! 
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_ Mr. Goodman (Proce. Inst. 0. E. 1886) found that the total frictional re- 
‘Sistance is materially reduced by diminishing the width of the brass. 

_ The lubrication is most efficient in ee the friction when the brass 

“subtends an angle of from 120° to 60°. The film is probably at its best be- 
tween the angles 80° and 110°, 

_ In the case of a brass of a railway axle-bearing where an oil-groove is cut 

along its crown and an oil-hole is drilled through the top of the brass into it, 
the wear is invariably on the off. side, which is probably due to the oi] escap- 

_ ing as soon as it reaches the crown of the brass, and so leaving the off side 
almost dry, where the wear consequently ensues. 

' Inrailway axles the brass wears always on the forward side. Thesameob- 
servation has been made in marine-engine journals, which always wear in 
exactly the reverse way to what they might be expected. Mr. Stroudley 
thinks this peculiarity is due to a film of lubricant being drawn in from the un- 
der side of the journal to the aft part of the brass, which effectually lubri- 
cates and prevents wear on that side; and that when the lubricant reaches 
the forward side of the brass it is so attenuated down to a wedge shape that 
there is insufficient lubrication, and greater wear consequently follows. 

Prof. J. E. Denton (Am. Mach., Oct. 30, 1890) says: Regarding the pres- 
sure to which oil is subjected in railroad ear-service, it is probably more severe 

_ than in any other class of practice. Car brasses, when used bare, are so im- 
perfectly fitted to the journal, that during the early stages of their use the 

area of bearing may be but about one Square inch. In this case the pressure 

_per square inch is upwards of 6000 Ibs. But at the slowest speeds of freight 
service the wear of a brass is so rapid that, within about thirty minutes the 
area is either increased to about three inches, and is thereby able to relieve 

_ the oil so that the latter can successfully prevent overheating of the journal, 

or else overheating takes place with anv vil, and measures of relief must be 

taken which eliminate the question of differences of lubricating power 
among the different lubricants available. A brass which has been run about 
fifty miles under 5000 lbs. load may have extended the area of bearing-surface 
to about three square inches. The pressure is then about 1700 Ibs. per square 
‘inch. It may be assumed that this is an average minimum area for car-ser- 

“vice where no violent and unmanageable overheating has occurred during the 

‘ os ofa i for a short time, This area will very slowly increase with any 

lubricant. 

©. J. Field (Power, Feb. 1898) says: One of the most vital points of an en- 

gine for electrical service is that of main bearings. They should have a sur- 

face velocity of not exceeding 350 feet per minute, with a mean bearing- 
oe per square inch of Pours area of journal of not more than 80 

‘ This is considerably within the safe limit of cool performance and easy 

Operation. If the bearings are designed in this way, it would admit the use 
of grease on all the main wearing-surface, which in a large type of engines 

for this class of work we think advisable. 

_ Oil-pressure ina Bearing.—Mr. Beauchamp Tower (Proc. Inst. 

'M. E., Jam. 1885) made experiments with a brass bearing 4 inches diameter 
hy 6 inches long, to determine the pressure of the oil between the brass and 

‘the journal. The bearing was half immersed in oil, and had a total load of 

8008 Ibs. upon it. The journal rotated 150 revolutions per minute. The 
‘pressure of the oil was determined by drilling small holes in the bearing at, 
ifferent points and connecting them by tubes to a Bourdon gauge. It was 
found that the pressure varied from 310 to 625 lbs. per square inch, the great- 
est pressure being a, little to the ‘‘ off’ side of the centre line of the top of 
the bearing, in the direction of motion of the journal. The sum of the up- 
ward force exerted by these pressures for the whole lubricated area was 
nearly equal to the total pressure on the bearing. The speed was reduced 
from 150 to 20 revolutions, but the oil-pressure remained the same, showing 
‘that the brass was as com letely oil-borne at the lower speed as at the 
higher. The following was the observed friction at the lower speed: 


a Nominal load, lbs. per square inch... 443 333 211 89 
4 Coefficient of friction................ .00132 .00168 -00247 0044 


The nominal load per square inch is the total load divided by the product of 
@ diameter and length of the journal. At the same low speed of 20 revo- 
lutions Pe minute it was increased to 676 lbs. per Square inch without any 
signs of heating or seizing. 

__ Friction of Car-journal Brasses. GJ. E. Denton, Trans, A. 8. M. 
E., xii. 405.)—A new brass dressed with an emery-wheel, loaded with 5000 Ibs., 
tay have an actual bearing-surface on the journal, as shown by the polish 


‘a 
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of a portion of the surface, of only 1 square inch. With this pressure of 5000 
Ibs. per square inch, the coefficient of friction may be 6%, and the brass may 
be overheated, scarred and cut but, on the contrary, it may wear down evenly 
to a smooth bearing, giving a highly polished area of contact of 3 square 
inches, or more, inside of two hours of running, gradually decreasing the 
pressure per square inch of contact, and a coefficient of friction of less than 
0.5%. o mec peer erie motion in the direction of the axis is of importance 
in reducing the friction. With such polished surfaces any oil will lubricate, 
and the coefficient of friction then depends on the viscosity of the oil. With 
a pressure of 1000 Ibs. per square inch, revolutions from 170 to 320 per minute, 
and temperatures of 75° to 118° F. with both sperm and parraffine oils, a co- 
pogen of as low as 0.11% has been obtained, the oil being fed continuously 

y a pad. 

Experiments on Overhéating of Bearings._Hot Boxes. 
(@enton.)—Tests with car brasses loaded from 1100 to 4500 Ibs. per square 
inch gave 7 cases of overheating out of 32 trials. The tests show how ce 
a matter of chance is the overheating, as a brass which ran hot at 5000 Ibs. 
load on one day would run cool on a later date at the same or higher pres- 
sure. The explanation of this apparently. arbitrary difference of behavior is 
that the accidental variations of the smoothness of the surfaces, almost in- 
finitesimal in their magnitude, cause variations of friction which are always 
tending to produce overheating, and it is solely a matter of chance when 
these tendencies preponderate over the lubricating influence of the oil. 
There is no appreciable advantage shown by sperm-oil, when there is no ten- 
dency to overheat—that is, paraffine can lubricate under the highest pres- 
sures which occur, as well as sperm, when the surfaces are within the condi- 
tions affording the minimum coefficients of friction. 

Sperm and other oils of high heat-resisting qualities, like vegetable oil and 
etroleum cylinder stocks, only differ from the more volatile lubricants, 
ike paraffine, in their ability to reduce the chances of the continual acci- 

dental infinitesimal abrasion producing overheating. 

The effect of emery or other gritty substance in reducing overheating of a 
bearing is thus explained: 

The effect of the emery upon the surfaces of the bearings is to cover the 
latter with a series of parallel grooves, and apparently after such grooves 
are made the presence of the emery does not practically increase the friction 
over the amount of the latter when pure oil only is between the surfaces. 
The infinite number of grooves constitute a very perfect means of insuring 
a uniform oil supply at every point of the bearings. As long as grooves in 
the journal match with those in the brasses the friction appears to amount 
to only about 10% to 15% of the pressure. But if a smooth journal is placed 
between a set of brasses which are grooved, and pressure be applied, the 
journal crushes the grooves and becomes brazed or coated with brass, and 
then the coefficient of friction becomes upward of 40%. If then emery is 
applied, the friction is made very much less by its presence, because the 
grooves are made to match each other, and a uniform oil supply prevails at 
every point of the bearings, whereas before the application sf the emery 
many spots of the latter receive no oil between them, f 


Moment of Friction and Work of Friction of Sliding= 
surfaces, etc, 


Moment of Fric- Energy lost by Friction 


tion, inch-lbs, in ft.-lbs. per min, 
Flat surfaces.......... pale hin Oran eee cists SJWs 
Shafts and journals. wiwa -2618f Wdn 
Flat pivots,......... “ei Wr 3495 Win 
r.3 — 1,3 eS! 7-48 
- i 2 lc saehabl euie Samee b 
Collar-bearing.......0....0.0- . LW os ara 49h Wn res 
Conical pivot................... %fWr cosec a -349f Win cosec a 
Conical journal........ ......5. %fWr sec a -349fWrn sec a 
Truncated-cone pivot “fw sofia 
Pp HAAR SARC AA rhea ‘ 7, sina 
Hemispherical pivot............ Wr -5286f Win 


friction *pivat 2c.3.sis cee ec ase SWr 52366 Wrn f 
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| Intheabove / = coefficient of friction; 
W = weight on journal or pivot in pounds; 
=.radius, d = diameter, in inches; 
S = space in feet through which sliding takes place; 
Tq = Outer radius, 7; = inner radius; 
nm = number of revolutions per minute; 
a@ = the half-angle of the cone, i.e., the angle of the slope 
K with the axis. 
_ To obtain the horse-power, divide the quantities in the last column by 
_ $3,000. Horse-power absorbed by friction of a shaft = f re 3 
The formula for energy lost by shafts and journals is approximately true 
for loosely fitted bearings, Prof. Thurston shows that the correct formula 
varies according to the character of fit of the bearing; thus for loosely 
‘fitted journals, if U = the energy lost, 
2618f Wan 


i Par inch-pounds = 
Wi +f? vith 
For perfectly fitted journals U = 2.54fmrWn inch-lbs. = .3325f Wan, ft.-Ibs, 
_ For a bearing in which the journal is so grasped as to give a uniform 
pressure throughout, U = fxr Wn inch-lbs. = .4112 fWdn, ft.-lbs, 
Resistance of railway trains and. wagons due to friction of trains: 


FX 2240 
R 


foot-lbs. 


Pull on draw-bar = pounds per gross ton, 


in which R is the ratio of the radius of the wheel to the radius of journal. 
_ A cylindrical journal, perfectly fitted into a bearing. and carrying a total 

_Joad, distributes the pressure due to this load unequally on the bearing, the 
maximum pressure being at the extremity of the vertical radius, while at 
the extremities of the horizontal diameter the pressure is zero, At any 
point of the bearing-surface at the extremity of a radius which makes an 
‘angle @ with the vertical radius the normal pressure is proportional to cos 6. 
If » = normal pressure on a unit of surface, w = total load on a unit of 
length of the journal, and ry = radius of journal, 


é w cos @ 
, weosd=1.5%rp, p= ir 
a PIVOT-BEARINGS. 


Whe Schiele Curve.—W. H. Harrison, in a letter to the Am. Machin- 
“ist, 1891, says the Schiele curve is not as good a form for a bearing as the 
| segment of a sphere. He says: A mill-stone weighing a ton frequently 
bears its whole weight upon the flat end of a hard-steel pivot 14¢’’ diameter, 

or one square inch area of bearing; but to carry a weight of 3000 Ibs. he 
| ‘advises an end bearing about 4 inches diameter, made in the form of a seg- 
ment of a sphere about 4% inch in height. The die or fixed bearing should 
be dished to fit the pivot. This form gives a chance for the bearing to 
adjust itself, which it does not have when made flat, or when made with the 
Schiele curve. If a side bearing is BCOPRaD TY. it can be arranged farther up 
- the shaft. The pivot and die should be of steel, hardened; cross-gutters 
should be in the die to allow oil to flow, and a central oil-hole should be 
made in the shaft. . 

The advantage claimed for the Schiele bearing is that the pressure is uni- 
_ formly distributed over its surface, and that it therefore wears uniformly. 
_ Wilfred Lewis (4m. Mach., April 19, 1894) says that its merits as a thrust- 
' bearing have been vastly overestimated; that the term ‘“ anti-friction” 
_ epplied to it is a misnomer, since its friction is greater than that of a flat 
step or collar of the same diameter. He advises that flat thrust-bearings 

should always be annular in form, having an inside diameter one half of 
| the external diameter 

. Friction of a Flat Pivot-bearing.—The Research Committee 
' on Friction (Proc. Inst. M. EK. 1891) experimented on a step-bearing, flat- 
ended, 3 in. diam., the oil being forced into the bearing through a wale in 
its centre and distributed through two radial grooves, insuring thorough 
- lubrication. The step was of steel and the bearing of manganese-bronze, 


' 
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At revolutions per min........... 50 128 194 290 353 
The coefficient of friction varied { -0181 0053 0051 -0044 9053 
between and .0221 0113. .0102,— 0178S. 0167 


With a white-metal bearing at 128 revolutions the coefficient of friction 
was a little larger than with the manganese-bronze. At the higher speeds 
the coefficient of friction was less, owing to the more perfect lubrication, as 
sbown by the more rapid circulation of the oil. At 128 revolutions the 
bronze bearing heated and seized on one occasion with a load of 260 pounds 
and on another occasion with 300 pounds per square inch. The white-metal 
bearing under similar conditions heated and seized with a load of 240 
pounds per square inch. The steel footstep on manganese-bronze was after- 
wards tried, lubricating with three and with four radial grooves; but the 
friction was from one and a half times to twice as great as with only the two 
grooves. (See also Allowable Pressures, page 936.) 

Mercury-bath Pivot.—aA nearly frictionless step-bearing may be 
obtained by floating the bearing with its superincumbent weight upon mer- 
cury. Such an apparatus is used in the lighthouses of La Heve, Havre. It 
is thus described in Hng’g, July .4, 1893, p. 41: y, 

The optival apparatus, weighing about 1 ton, rests on a circular cast-iron 
table, which is supported by a vertical shaft of wrought iron 2.36 in, 
diameter. 

This is kept in position at the top by a bronze ring and outer iron support, 
and at the bottom in the same way, while it rotates on a removable steel 
pivot resting in a steel socket, which is fitted to the base of the support. To 
the vertical shaft there is rigidly fixed a floating cast-iron ring 17.1 in. diam- 
eter and 11,8 in. in depth, which is plunged into and rotates in a mercury 
bath contained in a fixed outer drum or tank, the clearance between the 
vertical surfaces of the drum and ring being only 0.2 in., so as to reduce as 
much as possible the volume of mercury (about 220 lbs.), while the horizon- 
tal clearance at the bottom is 0.4 in. 


BALL-BEARINGS, FRICTION ROLLERS, ETC. 


A. H. Tyler (Hng’g, Oct. 20, 1898, p. 483), after experiments and com- 
parison with experiments of others arrives at the following conclusions: 

That each ball must have two points of contact only. 

The balls and race must be of glass hardness, and of absolute truth. 

The balls should be of the largest possible diameter which the space at 
disposal will admit of. : 

Any one ball should be capable of carrying the total load upon the bearing. 

Two rows of balls are always sufficient. 

i “ pall hearing requires no oil, and has no tendency to heat unless over- 
loaded. ; 

 __Until the crushing strength of the balls is being neared, the frictional re- 
sistance is proportional to the load. 

The frictional resistance is inversely proportional to the diameter of the 
balls, but in what exact proportion Mr, Tyler is unable to say. Probably it 
varies with the square. 

The resistance is independent of the number of balls and of the speed. ; 

No rubbing action will take place between the balls, and devices to guard 
against it are unnecessary, and usually injurious. 

The above will show that the ball-bearing is most suitable for high speeds 
and light loads. On the spindles of wood-carving machines some make as 
much as 30,000 revolutions per minute. They run perfectly cool, and never 
have any oil upon them. For heavy loads the balls should not be less than 
two thirds the diameter of the shaft, and are better if made equal to it. 

Ball-bearings have not been found satisfactory for thrust-blocks, for 
the reason apparently that the tables crowd together. Better results have 
been obtained from coned rollers. A combined system of rollers and balls 
is described in Hng’a, Oct. 6, 1893, p. 429. 

Friction-rollers. —If a journal instead of revolving on ordinary 
bearings be supported on friction-rollers the force required to make the jour- 
nal revolve will be reduced in nearly the same proportion that the diameter 
of the axles of the rollers is less than the diameter of the rollers themselves. 
In experiments by A. M. Wellington with a journal 34 in. diam. supported 
on rollers 8 in. diam., whose axles were 134 in, diam., the friction in Starting 
from _ rest was 4 the friction of an ordinary 314-in. bearing, but at a car 
speed of 10 miles per hour it was 14 that of the ordinary bearing. The ratio 

of the diam. of the axle to diam. of roller was 134:8, or as 1 to 4.6. E 
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Bearings for Very High Rotative Speeds. (Proc. Inst. M. E., 
Oct, 1888, p. 482.)—In the Parsons steam-turbine, which has a speed of as 
ligh as 18,000 rev. per min., as it is impossible to secure absolute accuracy 

_ of balance, the bearings are of special construction so as to allow of a certain 
very small amount of lateral freedom. For this purpose the bearing is sur- 
rounded by two sets of steel washers 1/16 inch thick and of different diam- 
eters, the larger fitting close in the casing and about 1/32 inch clear of the 
bearing, and the smaller fitting close on the bearing and about 1/82 inch 
clear of the casing. These are arranged alternately, and are pressed 
together by a spiral spring. Conse uently any lateral movement of the 
bearing causes them to slide mutual Yy against one another, and by their 
_ friction to check or damp any vibrations that may be set up in the spindle, 
_ The tendency of the spindle is then to rotate about its axis of mass, or prin- 
cipal axis as it is called; and the bearings are thereby relieved from exces- 
" sive pressure, and the maehine from undue vibration. The finding of the 
_ centre of gyration, or rather allowing the turbine itself to find its cwn 
centre of gyration, is a well-known device in other branches of mechanics: 


much out of balance is allowed to find its own centre of gyration; the faster 
it ran the more steadily did it revolve and the less was the vibration. An- 
other illustration is to be found in the spindles of spinning machinery, 
_ which run at about 10,000 or 11,000 revolutions per minute: they are made 
_ of hardened and tempered steel, and although of very small dimensions, the 

outside diameter of the largest portion or driving whorl being perhaps not 
_ more than 114 in., itis found impracticable to run them at that speed in 
_ what might be called a hard-and-fast bearing. They are therefore run with 
_ some elastic substance surrounding the bearing, such as steel springs, hemp, 

orcork. Any elastic substance is sufficient to absorb the vibration, and 
_ permit of absolutely steady running. 


FRICTION OF STEAM-ENGINES, 


Distribution of the Friction of Engines.—Prof. Thurston in 
his “ Friction and Lost Work,” gives the followiug: 


= ft 4) 3. 

i] 47:0 35.4 85.0 

3 82.9 25.0 21.0 

F 3 6.8 5.1 13.0 
Cross-head and wrist-pin........... 5.4 4.1 : 

“ Walverandivod sibs si oisesscees 2.5 26.4 22.0 
Eccentric strap..... : 5.3 4.0 3 
Link and eccentric..... woue ate 9.01 

(0) 7) ear — — — 
100.0 100.0 71007088 


No. 1, Straight-line, 6” x 12”, balanced valve; No. 2, Straight-line, 6” x 12/7, 
i unbalanced valve; No. 3, 7” x 10’, Lansing traction locomotive valve-gear. 
_ Prof, Thurston’s tests on a number of different styles of engines indicate 
that the friction of any engine is practically constant under all loads. 
(Trans, A. S. M. E., viii. 86; ix. 74.) 

__, Im'a Straight-line engine, 8” x 14”, I.H.P. from 7.41 to 57.54, the friction H, 
_P. varied irregularly between 1.97 and 4.02, the variation being independent 
of the load. With 50 H.P. on the brake the I.H.P. was only 52.6, the friction 
being only 2.6 H.P., or about 5%. 

__ Ina compound condensing-engine, tested from 0 to 102.6 brake H.P., gave 
EI.H.P. from 14,92 to 117.8 H.P., the-friction H.P. varying only from 14.92 te 

17.42. At the maximum load the friction was 15.2 H-P., or 12.9%. 

The friction increases with increase of the boiler-pressure from 30 to 7 
bs., anid then becomes constant. The friction generally increases with in- - 
rease of speed, but there are exceptions to this rule. 

Prof. Denton (Stevens Indicator, July, 1890), comparing the calculated 
tiction of a number of engines with the friction as determined by measure- 
‘Ment, finds that in one case, a 75-ton ammonia ice-machine, the friction of 
the compressor, 1714 H.P., is accounted for by a coefficient of friction of 
on all the external bearings, allowing 6% of the entire friction of the machine 
for the friction of pistons, stuffing-boxes, and valves. In the case of the 
Pawtucket Pimnping one ines estimating the friction of the external bearings 
pth a coefficient of friction of 6% and that of the pistons, valves, and stuff - 


ing-boxes as in the case of the ice-machine, we have the total friction 
‘distributed as follows: 


q 


as in the instance of the centrifugal hydro-extractor, where a mass very . 


Pe ed 
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Horse- Per cent 
power. of Whole, 


Crank-pins and effect of piston-thrust on main shaft.. 0.71 11.4 
Weight of fly-wheel and main shaft........ Dog kus 1.95 32.4 
BtPATH-VOIVOR. oo hice ten tn pineten nememanne xeet eee 0.28 3.7 
Kecentric.... BP UNG 1.2 
Pistons........ Sarena fase noeen (esars U0 7.2 
Stuffing-boxes, six altogether . aoe ledaepimene saat chet 11.3 
J ATE OR tse NCEE IAS ES AL CIRC HOC HAM SAAT Pk ASE 2.10 32.8 
Total friction of engine with load....... .... 6.21- 100.0 
Total friction per cent of indicated power ... 4.27 


The friction of this engine, though very low in proportion to the indicated 
power, is satisfactorily accounted for by Morin’s Jaw used with a coefficient 
of friction of 5%. In both cases the main items of friction are those due to 
the weight of the fly-wheel and main shaft and to the piston-thrust on 
erank-pins and main-shaft bearings. In the ice-machine the latter items 
are the larger owing to the extra crank-pin to work the pumps, while 
in the Pawtucket engine the former preponderates, as the crank-thrusts are 
partly absorbed by the pump-pistons, and only the surplus effect acts on 
the crank-shaft. 

Prof. Denton describes in Trans. A. S. M. E., x. 892, an apparatus by 
which he measured the friction of a piston packing-ring. When the parts 
of the piston were thoroughly devoid of lubricant, the coefficient of friction 
was found to be about 744%; with an oil-feed of one drop in two minutes the 
coefficient: was about 5%; with one drop per minute it was about 3%. These 
rates of feed gave unsatisfactory lubrication, the piston groaning at the 
ends of the stroke when run slowly, and the flow of oil left upon the surfaces 
was found by analysis to contain about 50% of iron. A feed of two drops per 
minute reduced the coefficient of friction to about 1%, and gave practically 
perfect lubrication, the oil retaining its natural color and purity. 


LUBRICATION. 


Measurement of the Durability of Lubricants. (J. E. Den 
ton, Trans, A.S, M. E., xi. 1013.)—Practical differences of durability of lubri- 
cants depend not on any differences of inherent ability to resist being ‘‘ worn’ 
out”’ by rubbing, but upon the rate at which they flow through and away 
from the bearivg-surfaces. The conditions which control this flow are so 
delicate in their influence that all attempts thus far made to measure dura- 
bility of lubricants may be said to have failed to make distinctions of lubri- 
cating value having any practical significance. In some kinds of service the 
limit to the consumption of oil depends upon the extent to which dust or other 
refuse becomes mixed with it, as in railroad-car lubrication and in the case 
of agricultural machinery. The economy of one oil over another, so far as” 
the sun Tey, used is concerned—that is, so far as durability is concerned—is 
simply proportional to the rate at which it can insinuate itself into and flow 
out of minute orifices or cracks. Oils will differ in their ability to do this, 
first, in proportion to their viscosity, and, second, in DrORaEiey to. the ca- 
pillary properties which they may possess by virtue of the particular ingre- 
dients used in their composition. Where the thickness of film between rub- 
bing-surfaces must be so great that large amounts of oil pass through 

bearings in a given time, and the surroundings are such as to permit oil to 
be fed at high temperatures or applied by a method not requiring a perfect 
fluidity, it is probable that the least amount of oil will be used when the vis- 
cosity is as great as in the petroleum cylinder stocks. When, however, the 
oil must flow freely at ordinary temperatures and the feed of oil is 
restricted, as in the case of crank-pin bearings, it is not practicable to feed 
such heavy oils in a satisfactory manner. Oils of less viscosity or of a 
fluidity approximating to lard-oil must then be used. : 

Relative Value of Lubricants. (J. E.Denton, Am. Mach., Oct. 80, 
1890.)—The three elements which determine the value of a lubricant are the 
cost due to consumption of lubricants, the cost spent for coal to overcome 
the frictional resistance caused by use of the lubricant, and the cost due to 
the metallic wear on the journal and the brasses, 

The Qualifications of a Good Lubricant, as laid down by 
W. H. Bailey, in Proce. Inst. C. E,, vol. xlv., p. 872, are: 1. Sufficient body to 
keep the surfaces free from contact under maximum pressure. 2. The 
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prateet Possible fluidity consistent with the foregoing condition. 3. The 

gad rece coefficient of friction, which in bath lubrication would be for 
fluid tion approximately.. 4. The greatest capacity for storing and car- 
rying away heat. 5. A high temperature of decomposition. 6. Power to 
resist Oxidation or the action of the atmosphere, 7. Freedom from corrosive 
Amount of Oil needed to Hunan Mngine.— The Vacuum Oil 
~ €o. in 1892, in response to an inquiry as to cost of oil torun a 1000-H_P. 
_ Corliss engine, wrote: The cost of running two engines of equal size of the 
Same make is not hig the same. ‘ore while we could furnish 
figures showing what it 


cost would be, because it would depend upon the number of cups required 
on the engine, which varies somewhat according to the style of the engine. 
it would doubiless be safe, however, to calculate at the outside that not 
_ More than twice as much engine-oil would be required as of cylinder-oil. 

4 aoe Vacuum Oil Co. in 1892 published the following results of practice 


< 5 20 and 33 X 48; $ revs. min.; 1d of oil 
Corliss compound engine, per min. to 1 drop in tro minutes. ie 
“  Stipleexp. “ 20, 33, and 46 x 48; 1 drop every 2 minutes. 


; « 20 and 36 X 36; 143 revs. per min.: 2 drops of oil 
ages ‘ per min., reduced afterwards to 1 drop en 
Ball ae 15 X 25 X 16; 240 revs. per min.; 1 drop every 2 


minutes. 


___ Results of tests on ocean-steamers communicated to the author by Prof. 
Denton in 1892 gave: for 1200-H.P. marine enzine, 5 to 6 Enzlish gallons (6 to 
*.2 U.S. gals.) of engine-oil per 24 hours for external lubrication; and fora 
1500-H.P. marine engine, triple expansion, running 75 revs. per min., 6 to 7 
‘English gals. per 24 hours. The cylinder-cil consumption is exceedingly 
‘Yariable.—from 1 to 4 gals. per day on different engines, including cylinder- 
i used to swab the piston-rods. 
_ Quantity of Oil used on a Locomotive Crank-pin.—Prof. 
ton, Trans. A.S. Mi. E., xi. 1020, says: A very economical case of ractical 
‘oil-consumption is when a locomotive main erank-pin consumes at six 
bic inches of oil in a thousand miles of service. is is equivalent to a 
onsumption of one milligram to seventy square inches of surface rubped 


over. 
The Examination of Lubricating-oils. (Prof. Thos. B. Still- 
» Stevens Tudicator, July, 1890.}—The generally accepted conditions of 
good lubricant are as follows: 
1. “ Body * enough to prevent the surfaces, to which it is applied, from 
ing in contact with each other. (Viscosity.) 
2. Freedom from corrosive acid, either of mineral or animal origin. 
_ 3. As fluid as possible consistent with “body.” 
_ 4. A minimum coefficient of friction. 
5. High “flash * and burning points. 
6. Freedom from all materials liable to produce oxidation or “ gumming.” 
The examinations to be made to verify the above are both chemical and 
mec ical, and are usually arranged in the following order: 
- 1. Identification of the oil, whether a py mineral oil, or animal oil, or 
a mixture. 2. Density. 3. Viscosity. 4. lash-point. 5. Burning-point. 
6. Acidity. 7. Coefficient of friction. 8 Cold test. 
Detailed directions for making all of the above tests are given in Prof. 


ts, 
. Everest, Vice-Pres. Vacuum Oil Co , Proc. Engineering Congress, Chi 
orld’s Fair, 1893 )—The specific sravity was the first standard established 
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The object of the fire test of a lubricant, as well as its flash test, is the pre- 
vention of danger from fire through the use of an oil that will evolve in- 
fiammable vapors. The lowest fire test permissible is 800°, which gives a 
liberal factor of safety under ordinary conditions. 

The cold test of an oil, i.e., the temperature at which the oil will congeal, 
should be well below the temperature at which it is used; otherwise the co- 
efficient of friction would be correspondingly increased. 

Viscosity, or fluidity, of an oil is usually expressed in seconds of time in 
which a given quantity of oil will flow through a certain orifice at the tem- 
perature stated, comparison somevimes being made with water, sometimes 
with sperm-oil, and again with rape seed oil. It seems evident that within 
limits the lower the viscosity of an oil (without a too near approach to metal- 

)lic contact of the rubbing surfaces) the lower will be the coefficient of fric- 
tion. But we consider that each bearing in a mill or factory would probably 
poquire an oil of different viscosity from any other bearing in the mill, in 
order to give its lowest coefficient of friction. and that slight variations in the 
condition of a particular bearing would change the requirements of that 
bearing; and further, that when nearing the “ danger point ’’ the question of 
viscosity alone probably does not govern. 

The requirement of the New England Manufacturers’ Association, that 
an oil shall not lose over 5% of its volume when heated to 140° Fahr. for 12 
hours, is to prevent losses by evaporation, with the resultant effects. 

The precipitation test gives no indication of the quality of the oil itself, as 
the free carbon in improperly manufactured oils can be easily removed. 

It ix doubtful whether oil buyers who require certain given standards of 
laboratory tests are better served than those who do not. Some of the 
standards are so faulty that to pass them an oil manufacturer must supply 
oil he knows to be faulty; and the requirements of the best standards cau 
generally be met by products that will give inferior results in actual service. 

Penna, R. KR. Specifications for Petroleum Products, 
1900.—Five different grades of petroleum products will be used. 

The materials desired under this specification are the products of the 
distillation and refining of petroleum unmixed with any other sub- 
stances. 

150° Fire-test Oil.—This grade of oil will not be accepted if sample (1) is 
not ‘*‘ water-white’’ in color; (2) flashes below 130° Fahrenheit; (3) burns 
below 151° Fahrenheit; (4) is cloudy or shipment has cloudy barrels when 
received, from the presence of glue or suspended matter; (5) hecomes 
opaque or shows cloud when the sample has been 10 minutes at a tempera- 
ture of 0° Fahrenheit, 

800° Fire-test Oil.—TYhis grade of oil will not be accepted if sample (1) is 
not ‘t water-white”’ in color; (2) flashes below 249° Fahrenheit; (3) burns 
below 298° Fahrenheit; (4) is cloudy or shipment has cloudy barrels when 
received, from the presence of glue or suspended matter; (5) becomes 
opaque or shows cloud when the sample has been 10 minutes at a tempera- 
ture of 32° Fahrenheit; (6) shows precipitation when some of the sample is 
heated to 450° F. The precipitation test is made by having about two fluid 
ounces of the oil in a six-ounce beaker, with a thermometer suspended in 
the oil, and then heating slowly until the thermometer shows the required 
temperature. The oil changes color, but must show no precipitation. 

\ Paraffine and Neutral Oils.—These grades of oil will not be accepted if 
the sample from shipment (1) is so dark in color that printing with long. ' 
primer type cannot be read with ordinary daylight through a layer of the 
oil 4 inch thick ; (2) flashes below 298° F.; (3) hasa gravity at 60° F., below 24° 
or above 35° Baumé; (4) from October Ist to May Ist has a cold test above 
10° F., and from May Ist to October ist has a cold test above 32° F. 

The color test is made by having a layer of the oil of the prescribed thick- 
ness in a DEORE? glass vessel, and then putting the printing on one side of the 
vessel and reading it through the layer of oil with the back of the observer 
toward the source of light. 

Well Oil.—This grade of oil will not be accepted if the sample from 
shipment (1) flashes, from May 1st to October 1st, below 298° F., or, 
from October ist to May 1st, below 249° F.; (2) has a gravity at 60° F., 
below 28° or above 31° Baumé; (3) from October ist to May Ist has 
a cold test above 10° F., and from May ist to October 1st has 
a cold test above 82° F.; (4) shows any precipitation when 5 cubic 
centimetres are mixed with 95 c. c. of gasoline. The precipitation test 
is to exclude tarry and suspended matter. It is made by putting 95 c.c, of 
88° B gasoline, which must not be above 80° F’, in temperature, into a 100 ¢, ¢, 
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i r i and shaking thoroughly. 
Allow to stand ten minutes. With satisfactory oil no separated or precipe 
‘itated material can be seen. 

500° Fire-test Oil._This grade of oil will not be accepted if sample from 
shipment (1) flashes below 494° F.; (2) shows precipitation with gasoline 
when tested as described for well oil. 

Printed directions for determining flashing and burning tests and for 
‘making cold tests and taking gravity are furnished by the railroad com- 
pany. 

- Penna. R. R. Specifications for Lubricating Oils (1894). 
‘(In force 1902.) 


graduate, then adding the prescribed amount of oi 


Constituent Oils. Parts by volume. 

Bees CPA IAD A Olas wiaieis ca statha cise eae lee eed eta eee oes Mareleeae 1 
Extra No. 1 lard-oil........... peace ae | aU ie | Aha | zt 
'HU0° fire-test oil....... 22... pd anes a eee Va el ae Vg ae 
Paraffine oil.............. 4 Sr El ee a | 
BON OU ave see Secene mime fied tell eincra|isidinin| a stare erciote 4; 2;1 
Used for......... A|B|C,|Cy|Cz|D,|D,|Ds| £ 


A, freight cars; engine oil on shifting-engines; miscellaneous greasing in 
foundries, ete. 4, cylinder lubricant on marine equipment and on station- 
ary engines. C, engine oil; all engine machinery; engine and tender truck 
boxes; shafting and machine tools; bolt cutting; general lubrication except 
cars. D, passenger-car lubrication. 2, cylinder lubricant for locomotives. 
C,, D,, for use in Dec., Jan., and Feb.; Cz, Dz, in March, April, May. Sept., 
Oct., and Nov.; Cs, D;, in June, July, and August. Weights per gallon, A, 
7.4 Ibs.; B, C, D, E, 7.5 lbs. 

Soda Mixture for Machine Tools. (Penna. R. R. 1894.)—Dissolve 
4 lbs. of common sal-soda in 40 gallons of water and stir thoroughly. When 
needed for use mix a gallon of this solution with about a pint of engine oil. 
Used for the cutting parts of machine tools instead of oil. 
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_ Graphite in a condition of powder and used as a solid lubricant, so 
Called, to distinguish it from a liquid lubricant, has been found to do well 
where the latter has failed. 
_ Rennie, in 1829, says: “Graphite lessened friction in all cases where it 
Was used.”” General Morin, at a later date, concluded from experiments 
that it could be used with advantage under heavy pressures; and Prof. 
Thurston found it well adapted for use under both light and heavy pressures 
When mixed with certain oils. It is especially valuable to prevent abrasion 
and cutting under heavy loads and at low velocities. 
_. Soapstone, also called tale and Steatite, in the form of powder and 
mixed with oil or fat, is sometimes used as a lubricant. Graphite or soup- 
stone, mixed with soap, is used on surfaces of wood working against either 
iron or wood. A 

Metaline is a solid compound, usually containin graphite, made in the 
ferm of small cylinders which are fitted permanently into holes drilled in 
fhe surface of the bearing. The bearing thus fitted runs without any other 
lubrication, (North American Metaline Co., Long Island City, N. Y.) 


a) 
; 
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CUPOLA PRACTICE. 


The following notes, with the accompanying table, are taken from an 
article by Simpson Bolland in American Machinist, June 30, 1892. The table 
shows heights, depth of bottom, quantity of fuel on bed, proportion of fuel 
and iron in charges, diameter of main blast-pipes, number of tuyeres, blast- 

ressure, sizes of blowers and power of engines, and melting capacity per 
our, of cupolas from 24 inches to 84 inches in diameter. 

Capacity of Cupola.—The accompanying table will be of service in deter- 
mining the capacity of cupola needed for the production of a given quantity - 
of iron in a specified time. 

First, ascertain the amount of iron which is likely to be needed at each 
east, and the length of time which can be devoted profitably to its disposal; 
and supposing that two hours is all that can be spared for that purpose, and 
that ten tons is the amount which must be melted, find in the column, Melt- 
ing Capacity per hour in Pounds, the nearest figure to five tons per hour, 
which is found to be 10,760 pounds per hour, opposite to which in the column 
Diameter of Cupolas, Inside Lining, will be found 48 inches ; this will be the 
size of cupola required to furnish ten tons of molten iron in two hours. 

Or suppose that the heats were likely to average 6 tons, with an occasional 
increase up to ten, then it might not be thought wise to incur the extra ex- 
pense consequent on working a 48-inch cupola, in which case, by following 
the directions given, it will be found that a 40-inch cupola would answer the 
purpose for 6 tons, but would require an additional hour’s time for melting 
whenever the 10-ton heat came along. 

The quotations in the table are not supposed to be all that can be melted 
in the hour by some of the very best cupolas, but are simply the amounts 
which a common cupola under ordinary circumstances may be expected to 
melt in the time specified. 

Height of Cupola.—By height of cupola is meant the distance from the 
base to the bottom side of the charging door. 

Depth of Bottom of Cupola.—Depth of bottom is the distance from the 
sand-bed, after it has been formed at the bottom of the cupola, up to the 
under side of the tuyeres. 

All the amounts for fuel are based upon a bottom of 10 inches deep, and 
any departure from this depth must be met by a corresponding change in 
the quantity of fuel used _on the bed; more in proportion as the depth is 
increased, and less when it is made shallower. 

Amount of Fuel Required on the Bed.—The column ‘‘ Amount of Fuel re- 
quired on Bed, in Pounds” is based on the supposition that the cupola isa 
straight one all through, and that the bottom is 10 inches deep. If the bot-§ 
ie 2 more, as in those of the Colliau type, then additional fuel will be 
needed. . 

The amounts being given in pounds, answer for both coal and coke, for, 
should coal be used, it would reach about 15 inches above the tuyeres ; the 
same weight of coke would bring it up to about 22 inches above the tuyeres, 

‘ which is a reliable amount to stock with. 

First Charge of Tron.—The amounts given in this column of the table are! 
safe figures to work upon in every instance, yet it will always be in order, 
after proving the ability of the bed to carry the load quoted, to make a slowl# 
and gradual increase of the load until it is fully demonstrated just how much 
burden the bed will carry. 

Succeeding Charges of Fuel and Iron.—In the columns relating to succeed. 
ing charges of fuel and iron, it will be seen that the highest proportions ar 
not favored, for the simple reason that successful melting with any greate: 
proportion of iron to fuel is not the rule, but, rather, the exception. When 
ever we see that iron has been melted in prime condition in the proportio 
of 12 pounds of iron to one of fuel, we may reasonably expect that the talent, 
material, and cupola have all been By. to the highest degree of excellence. 

Diameter of Main Blast-pipe.—The table gives the diameters of main 
blast-pipes for all cupolas from 24 to 84 inches diameter. The sizes given! 
opposite each cupola are of sufficient area for all lengths up to 100 feet. 
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Tuyeres for Cupola.—Two columns are devoted to the number and sizes of 
tuyeres requisite for the successful working of each cupola ; one gives the 
number of pipes 6 inches diameter, and the other gives the number and 
dimensions of rectangular tuyeres which are their equivalent in area. 

From these two columns any other arrangement or disposition of tuyeres 
peat be made, which shall answer in their totality te the areas given in the 
table. 

Cupolas as large as 84 inches in diameter are now (1906) built without 
boshes. The most recent development with this size cupola is to place a 
centre tuyere in the bottom discharging air vertically upwards. 

On no consideration must the tuyere area be reduced; thus, an 84-inch 
cupola must have tuyere area equal to 31 pipes 6 inches diameter, or 16 flat 
tuyeres 16 inches by 13% inches. 

if it is found that the given number of flat tuyeres exceed in cireumference 
that of the diminished part of the cupola, they can be shortened, ajlowing 
the decreased length to be added to the depth, or they may be built in on 
end; by so doing, we arrive at a modified form of the Blakeney cupola. 

Another important point in this connection is to arrange the tuyeres in 
such a manner as will concentrate the fire at the melting-point into the 
smallest possible compass, so that the metal in fusion will have less space 
to traverse while exposed to the oxidizing influence of the blast. 

To accomplish this, recourse has been had to the placing of additional 
rows of tuyeres in some instan es—the “Stewart rapid cupola” having 
three rows, and the “ Colliau cupola furnace” having two rows, of tuyeres. 

Blast-pressure.—Experiments show that about 30,000 cubic feet of air are 
consumed in melting a ton of iron, which would weigh about 2400 pounds, 
or more than both iron and fuel. When the proper quantity of air is sup- 
plied, the combustion of the fuelis perfect, and carbonic-acid gas is the 
result. When the supply of air is insufficient, the combustion is imperfect, 
and carbonic-oxide gas is the result. The amount of heat evolved in these 
two cases is as 15 to 414, showing a loss of over two thirds of the heat by im- 
perfect combustion. 

Tt isnot always true that we obtain the most rapid melting when we are 
forcing into the cupola the largest quantity of air. Some time is required 
to elevate the temperature of the air supplied to the point that it will enter 
into combustion. If more air than this is supplied, it rapidly absorbs heat, 
reduces the temperature, and retards combustion, and the fire in the cupola 
may be extinguished with too much blast. 

Slag in Cupolas.—A certain amount of slag is necessary to protect the 
molten iron which has fallen to the bottom from the action of the blast; if 
it was not there, the iron would suffer from decarbonization,. 

When slag from any cause forms in too great abundance, it should be led 
away by inserting a hole a little below the tuyeres, through which it will 
find its way as the iron rises in the bottom, 

In the event of clean iron and fuel, slag seldom forms to any appreciable 
extent in small heats ; this renders any preparation for its withdrawal un- 
necessary, but when the cupola is to be taxed to its utmost capacity it is 
then incumbent on the melter to flux the charges all through the heat, car- 
rying it away in the manner directed. 

The best flux for this purpose is the chips from a white marble yard, 
About 6 pounds to the ton of iron will give good results when all is clean. 
Flnor-spar is now largely used as a flux. 

When fuel is bad, or iron is dirty, or both togetner, it becomes imperative 
that the slag be kept running ail the time. 

Fuel for Cupolas.—The best fuel for melting iron is coke, because it re- 
quires less blast, makes hotter iron, and melts faster than coal. When coal 
must be used, care should be exercised in its selection. All anthracites 
which are bright, black, hard, and free from slate, will melt iron admirably. 
The size of the coal used affects the melting to an appreciable extent, and, 
for the best results, small eupolas should be charged with the size called 
“egg,” a still larger grade for medium-sized cupolas, and what is called 
“lump” will answer for all large cupolas, when care is taken to pack it 
carefully on the charges, 2 

Charging a Cupola.—Chas. A. Smith (Am. Mach., Feb. 12,1891) gives 
the following: A 28-in. cupola should have from 300 to 400 pounds of coke 
on bottom bed; a 36-in. cupola, 700 to 800 pounds; a 48-in. cupola, 1500 lbs. ; 
and a 60-in. cupola should have one ton of fuel on bottom bed. To every 
pound of fuel on the bed, three, and sometimes four pounds of metal can be 
added with safety, if the cupola has proper blast; in after-charges, to every 
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pound of fuel add 8 to 10 pounds of metal; any well-constructed cupola will 
stand ten. 

F. P. Wolcott (Am. Mach., Mar. 5, 1891) gives the following as the practice 
of the Colwell Iron-works, Carteret, N. J.: “ We melt daily from twenty to 
forty tons of iron, with an average of 11.2 pounds of iron to one of fuel. In 
@ 36-in. cupola seven to nine pounds is good melting, but in a cupola that 
lines up 48 to 60 inches, anything less than nine pounds shows a defect in 
arrangement of tuyeres or strength of blast, or in charging up.” 

* The Moulder’s Text-book,” by Thos. D. West, gives forty-six reports in 
oe form of cupola practice in thirty States, reaching from Maine to 

revon, 

Cupola Charges in Stove-foundries, (Iron Age, April 14, 1892.) = 
No two cupolas are charged exactly the same. The amount of fuel on the 
bed or between the charges differs, while varying amounts of iron are used 
in the charges. Below will be found charging-lists from some of the prom- 
inent stove-foundries in the countr: 5 


rue? 


Ibs. Ibs. 
A—Bed of fuel, coke.. ........ 1,500 Four next charges of coke, 
First charge of iron ...... 5,000 ACI Pe eS ar Oe ah We ok 
All other charges of iron.. 1,000 | Six next charges of coke, each 120 
First and second charges Nineteen next charges of coke, 
of coke, each ............ 200 CRGH coat coenen oho 


Thus for a melt of 18 tons there would be 5120 Ibs. of coke used, giving a 
_ ratio of 7 to 1, Increase the amount of iron melted to 24 tons, and a ratio of 
8 pounds of iron to 1 of coal is obtained. 


For an 18-ton melt 5060 Ibs. of coke would be necessary, giving a-ratio of 
_7.1 Ibs. of iron to 1 pound of coke. 


. lbs, Ibs. 

_ &—Bed of fuel, coke........... 1,600 | All other charges of iron...... 2,000 

. First charge of iron...... - 4,000 All other charges of coke...... 150 
Kirst and second charges 
OfeokeTopitondesscy | . 

_ Ina melt of 18 tons 4100 lbs. of coke would be used, or a ratio of 8.5 to 1. 
q Ibs. Ibs. 
_ D—Bed of fuel, coke. ........ 1,800 | All charges of coke, each..... + 200 


First charge of iron.. 


i In a melt of 18 tons, 3900 Ibs. of fuel would be used, giving a ratio of 9.4 
j pounds of iron to 1 of coke. Very high, indeed, for Stove-plate. 


Tbs. Tbs. 
1,900 | All other charges of iron, each 2,000 


d E—Bed of fuel, coal.... 
f gee All other charges of coal, each 175 


First. charge of iron 
_ First charge of coal.. 


In a melt of 18 tons 4700 lbs, of coal would be used, giving a ratio of 7.7 
Ths. of iron to 1 Ib. of coal. ¥ 
__ These are sufficient to demonstrate the varying practices existing among 
_ different stove-foundries. In all these places the iron was proper for stove- 
_ plate purposes, and apparently there was little or no difference in the kind 
of work in the sand at the different foundries. 
'_ Results of Increased Driving. (Erie City Iron-works, 1891.)— 
_ May—Dec. 1890: 60-in. cupola, 100 tons clean castings a week, melting 8 tons 
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Buffalo Steel Pressure-blowers. Speeds and Capacities 
as applied to Cupolas. 
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5 | 6 | 2 | 8 | 4300 | 2821 10 | 4726 | 2600) 867 
6 | 8 | 30 | 8 | 3660 | 8098 10 | 4108 | 3671] 1067 
7 |u| 35 | 8 | 3244 | 4218| 14869 30 | 3642 | 4777) 1668 
s | ig | 40 | 8 | 2948 | 5425| 21999 30 | 3310] 6082] 2469 
9 | 26 | 4 | 10 | 2785 | 7818] 32039 12 | 8260] 8598) 3523 
10 | 36 | 55 | 10 | 2195 | 11295| 4938 12 | 2413 | 12378) 5431 
11 | 45 | 6 | 12 | 1952 | 16955] 7707 J 14 | 2116 | 18207) 8 
11 55 | 72 | 12 | 1647 | 22607 | 10276] 14 | i797 | 25176) 11144 
12°| v% | 84 | 12 | 1625 | 25636 | 11744 14 | 1775 | 28019! 12736 


wet 8 1s. 

In the table are given two different speeds and pressures for each size of 
blower, and the quantity of iron that may be melted, per hour, with each. 
In all cases it is recommended to use the lowest pressure of blast that willdo 
the work. Run up to the speed given for that pressure, and regulate quan- 
tity of air by the blast-gate. The tuyere area should be at least one ninth 
of the area of cupola in square inches, with not less than four tuyeres at 
equal distances around cupola, so as to equalize the blast throughout, Va- 
riations in temperature affect the working of cupolas materially, hot 
eather requiring increase in volume of air. 

(For tables of the Sturtevant blower see pages 519 and 520.) 

Loss in Melting Iron in Cupolas.—G. 0. Vair, Am. Mach., 
March 5, 1891, gives a record of a 45-in. Colliau cupola as follows: 


Ratio of fuel to iron, 1 to 7.42. f 


Good castingS .....sevseeceeeeeesenserserees 21,814 Ibs. 
New scrap.. «. 8,005 ** 
Millings .... 200 “* 
Loss of metal ...... Spr Toy se 
Amount melted.........-..-ss0s cesses: 26,000 lbs, 


Use of Softeners in Foundry Practice. (W. Graham, Tron Age, 
June 27, 1889.)—In the foundry the problem is to have the right proportions 
of combined and graphitic carbon in the resulting casting; this is done by 
getting the Paice proportion of silicon, The variations in the proportions 
of silicon afford a reliable and inexpensive means of producing a cast iron 
of any required mechanical character which is possible with the material 
employed. In this way, by mixing suitable irons in the right proportions, 

| a required grade of casting can be made more cheaply than by using irons 
in which the necessary proportions are already found. 

If a strong machine casting were required, it would be necessary to keep 
the phosphorus, sulphur, and manganese within certain limits. ofessor 
Turner found that cast iron which possessed the maximum of the desired 
qualities contained, graphite, 2.59%; silicon, 1.42%; phosphorus, 0.39%; sul- 
phur, 0.064; manganese, 0.58. 

A strong casting could not be made if there was much increase in the 
amount of phosphorus, sulphur, or manganese. Trons of the above percent- 
ages of phosphorus, sulphur, and manganese would be most suitable for this 
purpose, but they could be of different grades, having different percentages 
of silicon, combined and graphitic carbon. Thus hard irons, mottled and 
white irons, and even steel scrap, all containing low percentages of silicon 
and high percentages of combined carbon, could be employed if an iron 
having a large amount of silicon were mixed with them in sufficient amount. 
This would bring the silicon to the proper proportion and would cause the 
combined carbon to be forced into the graphitic state, aud the resultiag 
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casting would be su“. - High-silicon irons used in this way ure valled “soft. 
_ eners,’ 
The following are typical analyses of softeners: 


i ceereemmeereeeeere es 


Ferro-silicon. Softeners, Ametican. ie 1 

a ot ROR eeeeeen| POI TVIV Ct ems hats 
: A Well- |41,),,| Belle-| Hg- | Colt. 
Foreign. American. ston, |Globe fonte.|linton} ness. 
' Silicon....... 10.55 |9.80 5.89 |3to6] 2.15 | 2.59 
Combined C..| 1.84 |0.69 80] 0.25 | 0.21 |...... 
Graphitie C..| 0.52 }1.12 3. 8.76 |...... 
Manganese ..| 3.86 /1.95 P 0.52 pias -00 | 0.53 | 2.80 | 1.70 
Phosphorus. .} 0.04 |0:21] 0.48 0.45 0.50 | 1.10] 0.35 | 0.62] 0.85 
Sulphur ..... 0.03 }0.04) Trace | Trace | Trace | 0.02 | 0.03 | 0,03 0,01 


(For other analyses, see pages 371 to 373.) 


Ferro-silicons contain a low percentage of total carbon and a high per- 
centage of combined carbon. Carbon is the most important constituent of 
cast iron, arid there should be about 8.4% total carbon present. By adding 
ferro-silicon which contains only 2% of carbon the amount of carbon in the 


_ , The Scotch irons generally contain much more phosphorus than is desired 
_ in irons to be employed in making the strongest castings. It is a mistake to 
mix with strong low-phosphorus irons an iron that would increase the 
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For cast-iron inch per foot. For zin 5/16 inch per foot. 
“ brass, : Sib “ “ oo Pid iy 1/12 oo Le “a 
“ steel, y% “ “ “ “ aluminum, 8/16 te “ “ 
“mal. iron, “ se “ “ Britannia, 1/32 uw 


Thicker castings, under the same conditions, will shrink less, and thinner 
_ones more, than this standard. The quality of the material and the manner 
_ of moulding and cooling will also make a difference. :: 

_ Numerous experiments by W. J. Keep (See Trans. A. 8. M. E,, vol. xvi.) 
_ showed that the shrinkage of cast iron of a given section decreases as the 
percentage of silicon increases, while for a given ercentage of silicon the 
_ shrinkage decreases as the section is increased. Mr. Keep gives the follow. - 
ing table showing the approximate relation of shrinkage to size and per- 
centage of silicon: 


Sectional Area of Casting. 


_ Percentage 
J of 4%” o Ya LES? 2.3 ao] 470 
_ Silicon. ’ j ise 
-¥ Shrinkage in Decimals of an inch per foot of Length. 
EF 1183 158 if G148 ip jae 2190 118 {108 
{ 1.5 171 +145 -183 -117 -098 087 
2 159 +133 121 3 085 074 
1147 -121 2108 092 073 | 060 
3. > | -108 -095 O77 i 045 
-1 -095 . -032 
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Mr. Keep also gives the following ‘ approximate key for regulating foun- 
dry mixtures” so as to produce a shrinkage of } in, per ft. in castings of 
different sections: 

Size of casting..c..s.-ssseeee 1 2 3 4 in. sq. 

Silicon required, per cent..... 3.25 2.75 2.25 1.75 1.25 per cent. 

Shrinkage of a ¥-in. test-bar. .125 135 145 155 .165 in. per ft. 

Weight of Castings determined from Weight of Pattern. 
(Rose’s Pattern-maker’s Assistant.) 


Will weigh when cast in 


A Pattern weighing One Pound, 


made of— Cast 


Tren, | Zine. |Copper. Yellow} Gun- 


Brass. | metal. 


Ibs. Tbs. Tbs. Tbs. Ibs, 
12. 12.2 12.5 


Mahogany—Nassau.......+.-+++++-| 10.7 10.4 8 
¥ Honduras.... -..-.--| 12.9 | 12.7 | 15.3 | 14.6 | 15. 
as Spanish... ........ weal Sub 8.2 10.1 9.7 9.9 
Pine, red......- -- 12.5 | 12.1 | 14.9 | 14.2 | 14.6 
BK white........ : -| 16.7 16.1 19.8 19.0 19.5 
YOlOW....c0cccrserccee sovers{ 14.1 13.6 16.7 16.0 16.5 » 


Moulding Sand, (From a paper on “The Mechanical Treatment of 
Moulding Sand,” by Walter Bagshaw, Proc. Inst. M. E. 1891.)—The chemical 
composition of sand will affect the nature of the casting, no matter what 
treatment it undergoes. Stated generally, good sand is composed of 94 parts 
silica, 5 parts alumina, and traces of magnesia and oxide of iron. Sand con- 
taining much of the metallic oxides, and especially lime, is to be avoided. 
Geographical position is the chief factor governing the selection of sand; 
and whether weak or strong, its deficienciés are made up for by the skill of 
the moulder. For this reason the same sand is often used for both heavy and 
light castings, the proportion of coal varying according to the nature of the 
casting. A common mixture of facing-sand consists of six parts by weight 
of old sand, four of new sand, and one of coal-dust. Floor-sand requires 
only half the above proportions of new sand and coal-dust to renew it. Ger- 
man founders adopt one part by measure of new sand to two of old sand; 
to which is added coal-dust in the proportion of one tenth of the bulk for 
large castings, and one twentieth for small castings. A few founders mix 
street-sweepings with the coal in order to get porosity when the metal in 
the mould is likely to be a long time before setting. Plumbago is effective in 
preventing destruction of the sand; but owing to its refractory nature, it 
must not be dusted on in such quantities as to close the pores and prevent 
free exit of the gases. Powdered French chalk, soapstone, and other sub- 
stances are sometimes used for faging the mould; but next to plumbago, oak 
charcoal takes the best place, notwithstanding its liability to float occasion- 
ally and give a rough casting. 

‘or the treatment of sand inthe moulding-shop the most primitive method 
is that of hand-riddling and treading. Here the materials are roughly pro- 
portioned by volume, and riddled over an iron plate in a flat heap, where 
the mixture is trodden into a cake by stamping with the feet; it is turned 
over with the shovel, and the process repeated. Tough sand can be obtained. 
in this manner, its toughness being usually tested by squeezing a handful 
into a ball and then prea it; but the process is slow and tedious. Other 
things being equal, the chief characteristics of a good moulding-sand are 
toughness and porosity, qualities that depend on the manner of mixing as 
well as on uniform ramming. 

Toughness of Sand.—In order to test the relative toughness, sand 
mixed in various ways was prenede under a uniform load into bars 1 in. sq. 
and about 12 in, long, and each bar was made to project further ani 
further over the edge of a table until its end broke off by its own weight. 
Old sand from the shop floor had very irregular cohesion, breaking at all 
lengths of projections from ¥ in. to 1}44in. New sand in its natural state 
held together until an overhang of 234 in. was reached. A mixture of old 
sand, new sand, and coal-dust 
Mixed under rollers........ Lannea 

** in the centrifugal machin 

“ through a riddle...........+. 


broke at2 to 214 in. of overhang, 
“ “ “ 
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Bho~ing as a mean of the tests only slight differences between the last 
three methods, but in favor of machine-work. In many instances the frac- 
fures were so uneven that minute measurements were not taken, 
Dimensions of pad ao Ladles,—The following table gives the 
dimensious. inside the lining, of ladlés from 25 lbs. to 16 tons capacity. All 
the ladles are supposed to have straight sides, (Am. Mach., Aug. 4, 1892.) 


Capacity. Diam. | Depth. Capacity. Diam. | Depth. 
in. in, in. 

16 tons .......... 54 COM rec-ceee 20 

Te Stirs vain'hn sou 52 SS waseneee 1% 

Nv iaastnaxnaey se ece 49 ete eoaaiae ae 18: 

RO Me rs cadse's ic 46 800° pounds... 11 

Boe lateecenssss 43 250 SO ieeae 1034 

OL lesesgases cs 39 200 eis tae oe 10 

Aer ce sepesb ene 34 150 ea tees 9 

Bie Vinee chenies 31 100 = soos 8 

fee accesses 27 & ie tees % 
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SPEED OF CUTTING-TOOLS IN LATHES, MILLING 
MACHINES, ETC, 


Relation of diameter of rotating tool or piece, number of revolutions, 
and cutting-speed : we 
Let d = diam. of rotating piece in inches, n = No. of revs. per min.; 
S = speed of circumference in feet per minute; l 


adn oe ee bigeas peop a 
Satz = 618d 5 N= Rea =a? é=—— 


Approximate rule: No. of revs, per min. = 4 X speed in ft. per min. + 
diam, in inches. 
_ Speed of Cut for Lathes and Planers, (Prof. Coleman Sellers, 
: See. Indicator, April, 1892.)—Brass may be turned at high speed like 
wood, 
Bronze.—A speed of 18 feet per minute can be used with the soft alloys— 
Bay 8 a 1, while for hard mixtures a slow speed is required—say 6 feet per 
minute. 
_ _ Wrought Iron can be turned at 40 feet_per minute, but planing-machines 
_ that are used for both cast and forged iron are operated at 18 feet per 
-minute. 
_ _ Machinery Steel.—Ordinary, 14 feet per minute; car-azxles, etc., 9 feet per . 
_ Minute, 
_ . Wheel Tires._6 feet per minute; the tool stands well, but many prefer 
_ to run faster, say 8 to 10 feet, and grind the tool more frequently. 
; Lathes.—The speeds obtainable by means of the cone-pulley and the back 
_ gearing are in geometrical progression from the slowest to the fastest. In 
8, well-proportioned machine the speeds hold the same relation through all 
the steps. Many lathes have the same speed on the slowest of the cone.and 
the fastest of the back-gear Speeds. 
; The Speed of Counter-shaft of the lathe is determined by an assumption 
_ of a slow speed with the back gear, say 6 feet per minute, on the largest 
_ diameter that the lathe will swing. 
_  Exampie.—A 80-inch lathe will swing 30 inches =, say, 90 inches circumfer- 
_ ence = 7 6”; the lowest triple gear should give a speed of 5 or 6 per minute. 
In turning or planing, if the cutting-speed exceed 30 ft. per minute, se 
much heat will be produced that the temper will be drawn from the tool. 
_ The speed of cutting is also governed by the thickness of the shaving, and 
by the hardness and tenacity of the metal which is being cut; for instance, 
_ jn cutting mild steel, with a traverse of 3¢ in. per revolution or stroke, and° 
_ with a shaving about 96 in. thick, the speed of cutting must be reduced to 
_ about § ft. per minute, A good average cutting-speed for wrought or cast) 
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fron is 20 ft, per mfnute, whether for the lathe, planing, shaping, or slotting 
@roo. In 


machine. st. M. E., April, 1883, p. 248.) 
Table of Cutting=-speeds, 
Feet per minute, 
Pinon” | 6 [10 [ 0 [ 2» | | 9 | a | 0 | «| t0 
Revolutions per minute. : 


2 


. 
PY) 


ee 


76.4 | 152.8 2 5 : ‘ é 2 
50.9 | 101.9] 152.8] 203.7] 254.6] 305.6] 356.5) 407.4] 458.3] 509.3 
88.2 | 76.4! 114.6] 152.8} 191.0] 229.2! 267.4) 305.6] 343.8] 382.0 
80.6} 61.1) 91.7) 122.2) 152.8) 188.4] 213.9) 244.5! 275.0] 305.6 
25.5 | 50.9) %6.4) 101.8] 127.8) 152.8] 178.2) 203.7] 229.1] 254 6 
21.8} 48.7) 65,5} 87.3) 109.1] 130.9] 152.8] 174.6] 196.4] 218,23 
19.1} 88.2) 57,8] 76.4) 95.5] 114.6) 133.7| 152.8] 171.9] 191.0 
14g 17.0 | 384.0) 50.9] 67,9) 84.9] 101.8] 118.8] 135.8] 152.8|-169.7 
14 15.3 | 30.6) 45.8} 61.1) 76.4! 91.7] 106.9) 122.2] 187.5] 152.8 
1 18.9 | 27.8) 41.7] 55.6) 69.5) 83.3] 97.2! 111.1] 125.0] 138.9 
1 12.7) 25.5) 88.2) 50.9) 63.6) 76.4) 89.1] 101.8] 114.5] 127.2. 
154 10.9] 21,8) 82.7) 43.7) 54.6] 65.5] 76.4) 87.3) 98.2] 109.2 
2 9.6] 19.1) 28.7] 88.2} 47.8} 67.3) 66.9) 76.4] 86.0] 95.5 
8.5} 17.0) 25.5) 84.0) 42.5) 50.9) 59.4) 67.9] 76.4] 84.9 
%.6 | 15.8] 22.9) 380.6] 88.2] 45.8) 53.5) 61.1] 68.8] 176.4 
4 6.9} 13.9) 20.8) 27.8) 34.7 41.7) 48.6) 55.6] 62.5) 69.5 
3 6.4] 12.7) 19.1] 25.5] 381.8) 88.2) 44.6] 50.9} 57.3] 63.7 
844 5.5} 10.9) 16.4] 21.8) 27.3) 32.7] 88.2) 43.7] 49.1] 54.6 
4.8 9.6] 14.3] 19.1) 28.9) 28.7) 83.4) 38.2] 43.0] 47.8 
4.2 8.5) 12.7) 17.0] 21.2) 25.5) 29.7) 84.0] 38.2] 42.5 
5 3.8 %.6) 11.5] 15.3) 19.1) 22.9) 26.7) 30.6] 34.4) 38.1 
5% 3.5 6.9) 10.4] 13.9) 17.4) 20.8) 24.3) 27.8] 31.2) 34.7 
6 3.2 6.4) 9.5) 12.7 15.9) 19.1) 22.3) 25.5) 28.6] 31.8 
z 2.7 5.5) 8.2) 10.9) 33.6) 16.4) 19.1] 21.8) 24.6) 27.3 
8 2.4 4.8) %.2} 9.6) 11.9] 14.8) 16.7) 19.1] 21.5] 23.9 
9 2.1 4.2) 6.4] 8.5) 10.6) 12.7] 14.8) 17.0} 19.1] 21.2 
10 1.9 3.8) 5.7) 2. 9.6) 11.5] 18.3) 15.8) 17.2) 19.1 
11 1.7 3.5) 5.2] 6. 8.7] 10.4] 12.2) 18.9] 15.6] 17.4 
12 1.6 3.2] 4.8] 6. 8.0) 9.5) 12.1) 12.7] 14.8) 15.9 
13 1.5 2.9) 4.4) 5. 7.3] | 8.8} 10.8) 11.8] 13.2) 14.7 
14 1.4 2.0 4.1) 6, 6.8] 8. 9.5) 10.9} 12.3] 13.6 
15 1.3 2. 8.8) 6.1) 6.4) 7% 8.9} 10.2) 11.5] 12.7 
16 1.2 2.4, 3.6) 4. 6.0) 7%. 8.4) 9.5) 10.7] 11.9 
18 1.1 2.1) 8.2) 4.2) 65.8) 6. 2.4) 8.5] 9.5] 10.6 
20 1.0 1.9] 2.9) 3. 4.8) 5, 6.7) 7.6) 8.6) 9.6 
22 2 1.7] 2.6) 38.5) 4.3) 5. 6.1) 6.9) 7.8) 8.7. 
24 8 1.6) 2.4) 8.2} 4.0) 4. 5.6] 6.4) 7.2) 8.0 
26 a 1.5) 2.2) 2.9) 8.7 4, 5.1) 5.9) 6.6) 7.3 
28 xs 1.4] 2.0) 2.7 8.4) 4, 4.8) 5.5) 6.1] 6.8 
80 6 1.3; 1.9) 2.5) 8.2) 8. 4.5) 5.1) 5.7%) 6.4 
36 5 1.2) 1.6) 2.2) 2.7) 8. 8.7) 4.2] 4.8] 5.3 
42 5 9 61.4) 1.8 2.8) 2.) 8.2} 8.6) 4.1] 4.5 
48 4 -8/ 61.2) 1.6) 2.0) 2. 2.8) 3.2) 3.6) 4.0 
54 4 -@ 1.2) 1.4) 21.8) 2. 2.5) 2.8] 8.2) 3.5 
60 3 -6/ 1.0) 1.3) 1.6) 2, 2.2; 2.5) 2.9] 3.2 


aN Se 
Speed of Cutting with Turret Lathes.—Jones & Lamson Ma- 
chine Co. give the following cutting-speeds for use with their flat turret 
lathe on diameters not exceeding two inches} 
Ft. per minute, 
Tool steel and taper on tubing........0 secccesscocreseee 10 
Thraading + Machinery... ..........s0,e00.- co 15 
Wery Bott Steel. 556, -nasarenatnanspuistdbecscecsaceetuee same eo 
Turning Cut which reduces the stock to sot its original diam.. 7 20 


F Cut which reduces the stock to 34 of its original diam. . 25 
a7 ik Cut which reduces the stock to % of its original diam.. 30 to 35 " 
Cut which reduces the stock to 15/16 of its original diam. 40 to 45 ‘ 
Turning very soft machinery steel, light cut and cool work... ..... 50 to 60 


er 
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| Forms of Metalecutting Tools.— Hutte,” the German Engt- 
\neers’ Pocket-book, gives the following cutting-angles for using least power: 


4 Top Rake, Angle of Cutting-edge, 
D - Wrought ron... cecccssecsasscccssee 8° 51° 
> Castiron...... eoee 4° bie 


BYODEO: occ cescicese: cession ssip.ene i 42 66° 


_ The American Machinist comments on these figures as follows: We are 
poe able to give the best nor even the generally used angles for tools, 
ecause these vary so much to suit different circumstances, such as degree 
of hardness of the metal being cut, quality of steel of which the tool is 
made, depth of cut, kind of finish desired, ete, The angles that cut with 
the least expenditure of power are easily determined by a few experiments, 
but the best angles must be determined by good judgment, guided by expe. 
rience. Innearly all cases, however, we think the best practical angles are 
greater than those given, i 
_ For illustrations and descriptions of various forms of cutting-tools, see 
articles on Lathe Tools in App. Cyc. App. Mech., vol. ii.,and in Modern 
Mechanism. 

Cold Chisels.—Angle of cutting-faces (Joshua Rose): For east steel, 
about 65 degrees; for gun-metal or brass, about 50 degrees; for copper and 
soft metals, about 30 to 35 degrees. 

Rule for Gearing Lathes for Screw-cutting, (Garvin Ma- 
chine Co.)—Read from the lathe index the number of threads per inch cut 

by equal gears, and multiply it by any number that will give for a product 
a gear on the index; put this gear upon the stud, then multiply the number 
of threads per inch to be cut by the same number, and put the resulting gear 
upon the screw. 
MPLE.—To cut 1144 threads per inch. We find on the index that 48 into 
48 cuts 6 threads per inch, then 6 xX 4 = 24, gear on stud, and llw x4 = 46, 
gear onscrew. Any multiplier may be used so long as the products include 
gears that belong with the lathe. For instance, instead of 4 as a multiplier 
we may use 6. Thus, 6 X 6 = 36, gear upon stud, and 11% x 6 = 69, gear 
upon screw. 
_ Rules for Calculating Simple and Compound Gearing 
where there is mo Index. (Am Mach.)—If the lathe is simple- 
geared, and the stud runs at the same speed as the spindle, select some gear 
_ for the screw, and multiply its number of teeth by the number of threads 
per inch in the lead-screw, and divide this result by the number of threads 
-perinch tobe cut, This will give the number of teeth in the gear for the 
stud. If this result is a fractional number, or a number which isnot among 
the gears on hand, then try some other gear for the screw. Orj select the 
he for the stud first, then multiply its number of teeth by the number of 
threads per inch to be cut, and divide by the number of threads per inch on 
the lead-screw. This will give the number of teeth for the gear on the 
‘serew. If the lathe is compound, select at random all the driving-gears, 
multiply the numbers of their teeth together, and this product by the num- 
ber of threads to be cut. Then select at random all the driven gears except 
one; multiply the numbers of their teeth together, and this product by the 
number of threads per inch in the lead-serew. Now divide the first result by 
_ the second, to obtain the number of teeth in the remaining driven gear. Or, 
select at random all the driven gears. Multiply the numbers of their teeth 
together, and this product by the number of threads per inch in the lead- 
‘screw. Then select at random all the driving-gears except one. Multiply 
the numbers of their teeth together, and this result by the number of threads 
per inch of the screw to be cut. Divide the first result by the last, to obtain 
the number of teeth in the remaining driver. When the gears on the com- 
ounding stud are fast together, and cannot be changed, then the driven one 
has usually twice as many teeth as the other, or driver, in which case in the 
calculations consider the lead-screw to have twice as many threads per inch 
as it actually has, and then ignore the compounding entirely. Some lathes 
are so constructed that the stud on which the first driver isplaced evolves. 
only half as fast as the spindle, This ean be ignored in the calculations by 
doubling the number of threads of the lead-screw. If both the last condi- 
‘tions are present ignore them in the calculations by multiplying the nejuber 
of threads per inch in the lead-screw by four. If the thread to be cut is a 
fractional one, or if the pitch of the lead-screw is fractional, or if both are 
fractional, then reduce the fractions to a common denominator, and use 
the numerators of these fractions as if thev eaualled the pitch of the screw 
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to be cut, and of the lead-screw, respectively. Then use that part of the rule 

iven above which applies to the lathe in question. For instance, suppose 
it is desired to cut a thread of 25/32-inch pitch, and the lead-screw has 4 
threads per inch. Then the pitch of the lead-screw will be 4 inch, which is 
equal to 8/32 inch. We now have two fraction, 25/32 and 8/32, and the two 
screws will be in the proportion of 25 to 8, and the gears can be figured by 
the above rule, assuming the number of threads to be cut to be 8 per inch, 
and those on the lead-screw to be 25 per inch, But this latter number may 
be further modified by conditions named above, such as a reduced speed of 
the stud, or fixed compound gears, In the instance given, if the lead-screw 
had been 244 threads per inch, then its pitch being 4/10 inch, we have the 
fractions 4/10 and 25/32, which, reduced to a common denominator, are 
64/160 and 125/160, and the gears will be the same as if the lead-screw had 125 
threads per inch, and the screw to be cut 64 threads per inch. 

On this subject consult also ‘‘ Formulas in Gearing,” published by Brown 
& Sharpe Mfg. Co., and Jamieson’s Applied Mechanics, 

Change-gears for Screw=-cutting Lathes.—There is a lack of 
uniformity among lathe-builders as to the change-gears provided for screw- 
cutting. W.R. Macdonald, in Am. Mach., April 7, 1892, proposes the follow- 
ing series, by which 33 whole threads (not fractional) may be cut by changes 
of only nine gears: 


‘3 Spindle. 

2 Whole Threads. 
a 20 | 80] 40} 50 | 60] 70 110 +|120| 130 : 
20 8] 6)4 4/5 4)33/7) 22/11) 2/1 11/13} 2] 11 | 22 | 44 
30 )18}....) 9) 71/5} 6}51/7] 8 8/11) 3! 2 10/13} 3 | 12} 24 | 48 
40 | 24) 16) 12 | 9 38/5) 8166/7) 44/11) 4)3 9/13) 4] 13] 26 | 52 
50 | 380 5 Ls Pees 0 4/7) 55/11] 5) 4 8/13) 5 | 14] 28 | 66 
60 | 86 | 24] 18 |14 2/5)....|10 2/7] 66/11) 6] 5 7/13) 6 | 15 | 380 | 7 
7 | 42} 28} 21 |16 4/5] 14 |...... 77/11) 7 |] 6 6/13) 7] 16 | 33 | 78 
110 | 66 | 44 | 33 |26 2/5) 22 |18 6/7]..... ..] 11 }10 2/13) 8 | 18 | 36 
120 | 72} 48 | 36 28 4/5) 24 |20 4/7) 13 i/1i]....}11 1/13} 9 | 20 | 39 
130 | 78 | 52 | 39 181 1/5) 26 |22 3/7] 14 2/11| 13 |........]| 10 | 21 | 42 


Ten gears are sufficient to cut all the usual threads, with the exception of 
perhaps 11}4, the standard pipe-thread; in ordinary practice any fractional 
thread between 11 and 12 will be near enough for the customary short pipe- 
thread; if not, the addition of a single gear will give it. 

In this table the pitch of the lead-screw is 12, and it may be objected to as 
too fine for the purpose. This may be rectified by making the real pitch 6 
or any other desirable pitch, and establishing the proper ratio between the 
lathe spindle and the gear-stud. 

‘Metric Screw-threads may be cut on lathes with inch-divided lead- 
ing-screws, by the use of change-wheels with 50 and 127 teeth; ror 127 
centimetres = 50 inches (127 x 0.3937 == 49.9999 in.), 

Rule for Setting the Taper in a Lathe. (Am. Mach.)—No 
rule can be given which will produce exact results, owing to the fact that 
the centres enter the work an indefinite distance. If it were not for this cir- 
cumstance the following would be an exact rule, and it is an approximation 
asitis. To find the distance to set the centre over: Divide the difference in 
the diameters of the large and small end of the taper by 2, and multiply this 
quotient by the ratio which the total length of the shaft bears to the length 
of the tapered portion. Example: Suppose a shaft three feet long is to har 4 
a taper turned on the end one foot long, the large end of the taper being two 


inches and the small end one inch diameter. a 3 x? = 1} inches. 


Electric Drilling-machines-—Speed of maser Holes in 
Steel Plates. (Proc. Inst. M. E., Aug. 1887, p, 329.)—In drilling holes in 
the shell of the §.S. “‘ Albania,” after a very small amount of practice the 
men working the machines drilled the %-inch holes in the shell with great 
Tapidity, doing the work at the rate of one hole every 69 seconds, inclusive of 
the time occupied in altering the position of the machines by means of differ- 
ential pulley-blocks, which were not conveniently arranged as slings for 
this purpose. Repeated trials of these drilling-machines have also shown 
that, when using electrical energy in both holding-on magnets and motor 
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amounting to about 34 H.P., they have drilled holes of 1 inch diameter 
through 144 inch thickness of solid wrought iron, or through 15 inch of mild 


| steel in two plates of 13/16 inch each, taking exactly 134 min. for each hole, 


Speed of Drills. (Morse Twist-drill and Machine Company.)—The fol- 
lowing table gives the revolutions per minute for drills from 1/)6 in. to 2 in. 
diameter, as usually applied: 


ci Speed for} Speed i Speed for| Speed 

cape aie Wrought or, Bpead Dinmotcr Wrought for, pect 
ills, in,| ron and| Cas' ills, in,| Zron and| Cas 

Drills, in. Steel. Tron, Brass. §Drills, in, Steel. ee Brass. 


1/6 | ‘i712 | 2383 | 8544 | 1 1/16 72 108 180 
esa | «igi | 1772 8 102 170 

3/16 571 794 | 3181 | 13/16 64 97 161 
397 565 | 855 | 13 58 89 150 

5/16 318 452 | 684 | 15/16 55 84 143 
265 37 570 53 8 136 

7716 227 393 | 489 | 17/16 50 1 130 
W, 183 267 | 412 46 74 122 

9/16 163 a3 | ser | 19/16 44 al 1i7 
147 214 | 330 | 15 40 66 13 

11/16 133 jo4 | 300 | 11/16} 38 63 409 
112 168 | 265 37 61 105 

13/6 103 155 | 244 | 143/16] 36 59 101 
96 144 | 227 33 BS 98 

18/16 89 34 | 212 f 14516] 32 53 95 
"6 115 | 191 | 2 { 1 92 


One inch to be drilled in soft cast iron will usually require: for 14-in. 
drill, 160 revolutions; for 44-in. drill, 140 revolutions; for 34-in. drill, 100 
revolutions; for 1-in. drill, 95 revolutions. These speeds should seldom be 
exceeded. Feed per revolution for 14-in. drill, .005 inch; for 1,-in. drill, 
.007 inch; for 34-in. drill .010 inch, 

The rates of feed for twist drills are thus given by the same company: 


Diameter of drill......... ws 1/16 34 % «6 % 1 1g 
i oS ——————— 
mn Revs, per inch depth of hole. 125 125 120to 140 1 inch feed per min. 


MILLING-CUTTERS, 


George Addy, (Proc. Inst. M. E., Oct. 1890, p. 587), gives the following: 
Analyses of Steel.—The following are analyses of milling-cutter 


. blanks, made from best quality crucible cast steel and from self-hardening 


“Ivanhoe” steel : ; 
Crucible Cast Steel, Ivanhoe Steel, 


per cent, per cent. 
Carbon ........ occ reeceriecesee 1.2 a 
BINOO a evndbcoascconesvideanietas 425 0581s 252 
Phosphorus . 0.018 0.051 
Manganese... 0.36 2.557 
Sulphur.... 0.02 0.01 
TUNZStEN. 62). cc esiscveconsnccees’ eens 5 4.65 
Iron, by difference......... ... 98.29 90.81 

100.000 100.000 


The first analysis is of a cutter 14 in. diam., 1 in. wide, which gave very 
good service at a cutting-speed of 60 ft. per min. Large milling-cutters are 
sometimes built up, the cutting-edges only being of tool stee]. A cutter 22 in. 
dian. by 54% in. wide has been made in this way, the teeth being clamped 


_ between two cast-iron flanges. Mr, Addy recommends for this form of 


; _ tooth one with a cutting-angle of 70°, the face of the tooth being set 10° back 


of a radial line on the cutter, the clearance-angle being thus 10°. At the 
Clarence Iron-works, Leeds, the face of the tooth is set 10° back of the radial 


_ line for cutting wrought iron and 20° for steel. 


Pitch of Teeth.—For obtaining a suitable pitch of teeth for milling- 


cutters of various diameters there exists no standard rule, the pitch being 


usually decided in an arbitrary manner. according to individual taste. 


y 
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For estimating the pitch of teeth in a cutter of any diameter from 4 in, to 16 
in., Mr. Addy has worked out the following rule, which he has found capa- 
ble of giving good results in practice; 


Pitch in inches = 4/(diam. in inches x 8) < 0.0625 = .177 diam. 


J. M. Gray gives a rule for pitch as follows: The number of teeth in a 
milling-cutter ought to be 100 times the pitch in inches; that is, if there 
were 27 teeth, the pitch ought to be 0.27 in. The rules are practically the 
same, for if a= diam., m = No. of teeth, p = pitch, ¢ = circumference, ¢ = 


Zz pecenamina ae ji 
pn; d= a = ae = 31.88p?; p= V/.0314d = 177 Vd; No. of teeth, n, = 


3.14d + p. ‘ 

Number of Teethin Mills or Cutters. (Joshua Rose.)—The teeth 
of cutters must obviously be spaced wide enough apart to admit of the emery- 
wheel grinding one tooth without touching the next one, and the front faces 
of the teeth are always made in the plane of a line radiating from the axis of 
the cutter. In cutters up to 3 in, in diam. it is good practice to provide 8 
teeth per in. of diam., while in cutters above that diameter the spacing 
may be coarser, as follows: 


Diameter of cutter, 6 in.; number of teeth in cutter, 40 
“ wo “ “ Oe Chae ais Tamers 
14 “ its 8 “6 “ce iy i3 “ “ 50 


Speed of Cutters,—The cutting speed’ for mnilling was originally fixed 
very low; but experience has shown that with the improvements now in 
use it may with advantage be considerably increased, especially with cutters 
of large diameter. The following are recoinmended as safe speeds for cut- 
ters of 6 in, and upwards, provided there is not any great depth of material 
to cut away: é 

Steel. Wrought iron, Cast iron. Brass, 
Feet per minute..... a) 86 48 60 120 
Feed, inch permin... 4% 1 1% 224 

Should it be desired to remove any large quantity of material, the same 
cutting-speeds are still reeommended, but with a finer feed. A simple rale 
for cutting-speed is: Number of revolutions per minute which the euiter 
spindle should make when working on cast iron = 240, divided by the diam- 
eter of the cutter in inches. 

Speed of Milling-cutters. (Proc. Inst. M. E., April, 1883, p. 248.)— 
The cutting-speed which can be employed in milling is much greater than 
that which can be used in any of the ordinary operations of turning in the 
lathe, or of planing, shaping, or slotting. A milling-cutter with a plentiful 
supply of oil, or soap and water, can be run at from 80 to 100 ft. per min., 
when cutting wrought iron. The same metal can only be turned in a lathe, 
with a tool-holder having a good cutter, at the rate of 30 ft. per min., or at 
about one third the speed of milling. A milling-cutter will cut cast steel at 
the rate of 25 to 30 ft. per min. 

The following extracts are taken from an article on speed and feed of 
milling-cutters in Hng’g, Oct. 22, 1891: Milling-cutters are successfully em- 
ployed on cast iron at a speed of 250 ft. per min.; on wrought iron at from 
80 ft. to 100 ft. per min. The latter materials need a copious supply of good 
lubricant, such as oil or soapy water. hese rates of Speed are not ap- 
proached by other tools. The usual cutting-speeds on the lathe, planing. 
shaping, and slotting machines rarely exceed about one third of those given 
above, and frequently average about a fifth, the time lostin back strokes not 
being reckoned. 

The feed in the direction of cutting is said by one writer to vary, in ordi- 
nary work, from 40 to 70 revs. of a 4-in. cutter per in. of feed. It must always 
to an extent depend on the character of the work done, but the above gives 
shavings of extreme thinness. For example, the circumference of a 4-in. 
cutter being, say, 1244 in., and having, say, 60 teeth, the advance corre- 
Sponding to the passage of one cutting-tooth over the surface, in the coarser 
of the above-named feed-motions, is 1/40 X 1/60 = 1/2400 in.; the finer feed 
gues an advance for each tooth of only 1/70 X 1/60 = 1/4200 in. Such fine 

eeds as these are used only for light finishing cuts, and the same author- 
ity recommends, also for finishing, a cutter about 9 in. in cireumference, or 
nearly 3 in, in diameter, which should be run at about 60 revs. per min. to | 
cut tough wrought steel, 120 for ordinary cast iron, about 80 for wrought | 
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fron, and from 140 to 160 for the various qualtities of gun-metal and brass. 
With cutters smaller or larger the rates of revolution are increased of 
diminished to aceord with the following table, which gives these rates of 
cutting-speeds and shows the lineal speed of the cutting-edge: 


Steel. Wrought Iron. Cast Iron. Gun-métal. Brass. 
i Feet per minute... 45 60 90 105 120 


| These speeds are intended for very light finishing cuts, and they must be 

reduced to about one half for heavy cutting. 

_ The following results have been found to be the highest tliat could be at- 
tained in ordinary workshop routine, having due consideration to economy 
and the time taken to change and grind the cutters when they become dull: 
‘Wrought iron—s6 ft. to 40 ft. per min.; depth of cut, 1 in; feed, 54 in. per 
min. Soft mild steel—About 30 ft. por min.; depth of cut, 14 in.; feed. % 
in. per min. Tough gun-metal—80 ft. per min.; depth of cut, % in,; feed, A, 
in. per min. Cast-iron gear-wheels—26\¢ ft. per min.; depth of cut, 4% in.; 
feed, 34 in, per min. Hard, close-grained cast iron—30 ft. per min.; depth 
of cut, 244 in.; feed, 5/16 in. per min. Gun-metal joints, 53 ft. per min.; 
depth of cut, 13gin.; feed, gin. per min. Steel-bars—2I1 ft. per min,; depth 

_of cut, 1/32 in.; feed, 34 in, per min. 

A stepped milling-cutter, 4 in. in diam. and 12 in. wide, tested under two 
conditions of speed in the same machine, gave the following results: The 
cutter in both instances was worked up to its maximum speed before it gave 
way, the object being to ascertain definitely the relative amount of work 
done by a high speed and a light feed, as compared with a low speed and a 
heavy cut, The machine was used single-geared and double-geared, and in 
both cases the width of cut was 10% in. 

Single-gear, 42 ft. per min.; 5/16 in. depth of cut; feed, 1.3 in. per min, = 
4.36 cu, in. per min. Double-gear, 19 ft, per min.; 8¢in. depth of cub; feed, 
5g in. per min. = 2.40 cu, in, per min. f 

_ Extreme Results with Milling-machines.— Horace Ii 
Arnold (Am. Mach., Dec. 28, 1893) gives the following results in flat-surface 
milling, obtained in a Pratt & Whitney milling-machine; The mills for the 
flat cut were 5/’ diam., 12 teeth, 40 to 50 revs. and 4%” feed per min. One 
single cut was run over this piece at a feed of 9” per min., but the mills 
showed plainly at the end that this rate was greater than they could endure: 

_ At 50 revs, for these mills the figures are as follows, with 474” feed: Surface 

_ speed, 64 ft., nearly; feed per tooth, 0.00812’; cuts per inch, 123, And with 

_ 9” feed per min.: Surface speed, 64 ft. per min.; feed per tooth, 0.015’’; ctits 

per inch, 6624. 

At a feed of 47%” per min. the mills stood up well in this job of cast-iron 

_ surfacing, while with a 9” feed they required grinding after surfacing one 
piece; in other words, it did not damage the mill-teeth to do this job with 
123 cuts per in. of surface finished, but they would not enduré 6634 cuts per 

_ inch. In this cast-iron milling the surface speed of the mills doesS not séem 

_ to be the factor of mill destruction: it is the increase of feed per tooth that 

+ prohibits increased production of finished surface. This is precisely the re- 
verse of the action of single-pointed lathe and planer tools in general: with 

_ such tools there is a surface-speed limit which cannot be economically ex- 

_ ceeded for dry cuts, and so long as this surface-speed limit is not reached, 

the cut per tooth or feed can be made anything up to the limit of the driv- 

_ing power of the lathe or planer, or to the safe strain on the work itself, 

_ which can in many cases be easily broken by a too great feed. 

_. In wrought metal extreme figures were obtained in one experiment made 
in cutting key ways 5/16’ wide by 14” deep in a bank of 8 shafts 144” diam, 
at once, on a Pratt & Whitney No, 8 column milling-machine. The 8 mills 
were successfully operated with 45 ft. surface speed and 1914 in. per min. 

_ feed; the cutters were 5’ diam., with 28 teeth, giving the following figures, 

_ in steel: Surface speed, 45 ft. per min.; feed per. tooth, 0.02024”; cuts per 
inch, 50, nearly. Fed with the revolution of mill. Flooded with oil, that is, © 

a large stream of oil running constantly over each mill. Fave of tooth 

fYadial, The resulting keyway was described as having a heavy wave or 

_ cutter-mark in the bottom, and it was said to have shown no signs of being 
heavy work on the cutters or on the machine. As a result of the experiment 
it was decided for economical steady work to run at 17 revs., with a feed of 

4” per min., flooded cut, work fed with mill revolution, giving the following 
pevcce: Surtace speed, 2244 ft. per min.; feed per tooth, 0.0084’; cuts per 

- inch, 


“4 


7 
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An experiment in milling a wrought-iron connecting-rod of a locomotive 
on a Pratt & Whitney double-head milling-machine is described in the Iron 
Age, Aug. 27, 1891. The amount of metal removed at one cut measured 3: 
in. wide by 1 3/16 in. deep in the groove, and across the top 4% in. deep by 434 
in. wide. This represented a section of nearly 414 sq. in. This was done at 
the rate of 134 in. per min. Nearly 8 cu. in. of metal were cut up into chips 
every minute. The surface left by the cutter was very perfect. The cutter 
moved in a direction contrary to that of ordinary practice; that is, it cut 
down from the upper surface instead of up from the bottom. 

Milling ** with» or “against? the Feed.—Tests made with 
the Brown & rer: No. 5 milling-machine (described by H. L. Arnold, in 
Am, Mach., Oct. 18, 1894) to determine the relative advantage of running 
the milling-cutter with or against the feed—“ with the feed” meaning that 
the teeth of the cutter strike on the top surface or “scale” of cast-iron 
work in process of being milled, and ‘‘against the feed ” meaning that the 
teeth begin to cut in the clean, newly cut surface of the work and cut up- 
wards toward the scale—showed a decided advantage in favor of running 
the cutter against the feed. The result is directly opposite to that obtained 
in tests of a Pratt & Whitney machine, by experts of the P. & W. Co. 

In the tests with the Brown & Sharpe machine the cutters used were 6 
inches face by 414 and 8 inches diameter respectively, 15 teeth in each mill, 
42 revolutions per minute in each case, or nearly 50 feet per minute surface 
speed for the 44-inch and 33 feet per minute for the 3-inch mill, The revo- 
lution marks were 6 to the inch, giving a feed of 7 inches per minute, and a 
cut per tooth of .011’. When the machine was forced to the limit of its 
driving the depth of cut was 11/32 inch when the cutter ran in the “old” 
way, or against the feed, and only % inch when it ran in the “new” way, 
or with the feed. The endurance of the milling-cutters was much greater 
when they were run in the ‘old ” way. 

Spiral Milling-cutters.—There is no rule for finding the angle of 
the spiral; from 10° to 15° is usually considered sufficient; if much greater 
the end thrust on the spindle will be increased to an extent not desirable for 
some machines. 

Milling-cutters with Inserted Teeth.—When it is required to 
use milling-cutters of a greater diameter than about 8 in., it is preferable to 
insert the teeth in a disk or head, so as to avoid the expense of making 
solid cutters and the difficulty of hardening them, not merely because of 
the risk of reer in hardening them, but also on account of the difficulty 
in obtaining a uniform degree of hardness or temper. 

illing = machine versus Planer. — For comparative data of 
work done by each see paper by J. J. Grant, Trans. A. §. M. E., ix. 259. He 
says: The advantages of the milling machine over the planer are many, 
among which are the following : Exact duplication of wor ; rapidity of pro- 
duction — the cutting being continuous; cost of production, as several 
machines can be operated by one workman, and he not a skilled mechanic; 
and cost of tools for producing a given amount of work. 
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Resistance Overcome in Cutting Metal, (Trans. A. S. M. E., 
viii. 808.)—Some experiments made at the works of William Sellers & Co. 
showed that the resistance in cutting steel in a lathe would vary from 
180,000 to 700,000 pounds per square’ inch of section removed, while for 
cast iron the resistance is about one third as much. The power required to 
remove a given amount of metal depends on the shape of the cut and on 
the shape and the sharpness of the tool used. [f the cut is nearly square in 
section, the power required is a minimum; if wide and thin, a maximum, 
The dulness of a tool affects but little the power required for a heavy cut. 

Heavy Work on a Planer.—Wnm. Sellers & Co. write as follows 
to the American Machinist ; The 120” planer table is geared to run 18 ft. per 
minute under cut, and 72 feet per minute on the return, which is equivalent, 
without allowance for time lost in reversing, to continuous cut of 14.4 feet 
per minute. Assuming the work to be 28 feet long, we may take 14 feet as 
the continuous cutting speed per minute, the .8 of a foot bein much more 
than sufficient to cover time loss in reversing and ae The machine 
carries four tools. At 1,” feed per tool, the surface planed per hour would 
be 35 square feet. The section of metal cut at 34’ depth would be .75/" x” 
+125” X 4 = .875 square inch, which would require approximately 30,000 lbs; 
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pressure to remove it. The weight of metal removed per hour would be 
14 X 12 x .875 x .26 x 60 = 1082.8 lbs, Our earlier form of 36” planer has 
removed with one tool on $4’” cut on work 200 Ibs. of metal per hour, and 
the 120’ machine has more than five times its capacity. The total pulling 
power of the planer is 45,000 lbs. 

Horse-power Required to Run Lathes. (J. J. Flather, Am. 
Mach., April 23, 1891.)—The power required to do useful work varies with 
the depth and breadth of chip, with the shape of tool, and with the nature 
and density of metal operated upon; and the power required to run a ma- 
chine empty is often a variable quantity. 

For instance, when the machine is new, and the working parts have not 
become worn or fitted to each other as they will be after running a few 


_ months, the power required will be greater than will be the case after the 
1 Ghee 8 parts have become better fitted. 


Another eause of variation of the power absorbed is the driving-belt; a 


_ tight belt will increase the friction, hence to obtain the greatest efficiency 


of a machine we should use wide belts, and run them just tight enough to 
prevent slip. The belts should also be soft and pliable, otherwise power is 


_ consumed in bending them to the curvature of the pulleys. 


A third cause is the variation of journal-friction, due to slacking up or 


_ tightening the cap-screws, and also the end-thrust bearing screw. 


Hartig’s investigations show that it requires less total power to turn off a 
given weight of metal ina given time than it does to plane off the same 
amount; and also that the power is less for large than for small diameters. 

The following table gives the actual horse-power required to drive a lathe 
empty at varying numbers of revolutions of main spindle, 


HOoRSE-POWER FOR SMALL LATHES. 


“Without Back Gears. | With Back Gears, 
i HP. HP. 
Rpindle | Teduirea | Boinaie | required rae 
per min. empty. per min, Sorin & 
132.72 1145 14.6 126 ; 
219.08 1197 24°33 1141 20” Fitchburg lathe. 
365.00 "310 38.42 1274 
47.4 159 4.84 132 Smallla the (1314”’), Chem- 
125.0 2259 12.8 187 nitz. Germany.. New 
188 -339 19.2 -230 machine. 
54.6 +206. 6.61 157 1714 lathe do. New 
122 :339 14.8 1206 i : 
183 1455 2214 1249 sole 
18.8 .086 2.31 .035 
54.6 “210 6.72 1063 26’ lathe do, 
82.2 1326 10:8. 1087 


If H.P.9 = horse-power necessary to drive lathe empty, and N = number 
of revolutions per minute, then the equation for average small lathes is 


 -ELP., = 0.095 + 0.0012. 


For the power necessary to drive the lathes empty when the back gears 


_ are in, an average equation for lathes under 20” swing is 


H.P.9 = 0.10 + 0.006. 


The larger lathes vary so much in construction and detail that no general 
rule can be obtained which will give, even approximately, the power re- 


quired to run them, and although the average formula shows that at least 


9.095 horse-power is needed to start the small lathes, there are many Amer- 
ican lathes under 20” swing working on a consumption of less than 05 


__ horse-power. 
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The amount of power oe 7 ie to remove metal in a machine is determin- 
able within more accurate limits. 
Referring to Dr. Hartig’s researches, H.P.; = CW, where C is a-constant, 
and W the weight of chips removed per hour. 
eee values of C are .030 for cast-iron, .032 for wrought-iron, .047 for 
eel. i 
The size of lathe, and, therefore, the diameter of work, has no apparent 
effect on the rap led power. If the lathe be heavy, the cut can be increased, 
and consequently the weight of chips increased, but the value of C appears 
Ly Be about the same for a given metal through several varying sizes of 
lathes, 


HORSE-POWER REQUIRED TO REMOVE Cast Iron In A 20-INcR LATHE. 
(J, J, Hobart.) 


i oh 5 : 
d ge |S | 28/86 [28 1g 
ic} " Be 4 3 
S\z 2 | | #2 lad |23 12 
od la Ou roe high td = a8 ° 
&.\ 3° Tool d ga. ca iS o 25 ]0 
Sig oo! used, or e2 On es Oos.;}| of oO] u 
#13 eee] sa | #8 | Pes] e4| 9 
5 oF SO m £39 | Rok als 
3 a So8| BS | $3 | See) Ssh] 2s 
a 4 (=) <4 4 4 od 
1 | 22 |Side tool...........] 37.90 125 .015 B42 13.30 | .025 
2 | 15 |Diamond......., ..] 80.50 125 015 218 10.70 | .020 
3 | 17 |Round nose........ 42.61 125 015 852 14.95 | .023 
4 2 |Left-hand round 
NOSE #8 Sie schane 26.29 125 015 237 9.22 | .026 
5 4 |Square-faced tool 
HOOPOAG «50:10:02, 2O.82 -015 125 255 9.06 | .028 
6 bY 25.27 -048 048 «200 10.89 | .018 
7 1 ss 25.64 «125, -015 246 8.99 | 027 « 


The above table shows that an average of .26 horse-power is required to 
turn off 10 pounds of cast-iron per hour, from which we obtain the average 
value of the constant O = .024, 

Most of the cuts were taken so that the metal would be reduced 4" in 
diameter; with a broad surface cut and a coarse feed, as in No, 5, the power 
required per pound of chips removed in a given time was a maximum; the 
least power per unit of weight removed being required when the chip was 
square, as in No, 6. 


HORSE-POWER REQUIRED TO REMOVE METAL IN A 29-INCH LATHE. 


(R. H. Smith.) 
; a 
% : s es} ese urs 
rs da] 2 | 3 |e) ge 3 
ay 34 4 = Hes ae 
og ae 5 Ba Bo 28. | 28 
a Metal. a a = | on 2 = 
58 eS] S| he | wet eke | 8 
28 Hehe a 85 | ose | saa a 
gs $s 2 oO 1555] 554] & 
= 5, tS © Ke Pog] ess 
Aa (6) (=) be < <i 
beg Cast iron 12.7 | .05 | .046 | .105 | 5.49 | .019 
4 Cast iron 11.1 135 046 217 | 12.96 017 
2 Cast iron 12.85 038 098 -66 027 
4 Wrought iron 9.6 .03 046 059 2.49 023 
4 Wrought iron 9.1 .06 046 +138 4,72 -029 
4 Wrought iron 7.9 14 -046 186 9.56 019 
2 Wrought iron 9.35} .045 038 092 2.99 031 
4 Steel 6,00 | .02 046 043 1.03 042 
4 Steel 5.8 04 046 085 2.00 042. 
4 Steel 5.1 06 -046 -108 2.64 -040 
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\_ The small values of C, .017 and .019, obtained for cast iron are probably 
lave to two reasons: the iron was soft and of fine quality, known as pulley 


i etal, requiring less power to cut; and, as Prof. Smith remarks, a lower 
| eutting-speed also takes less horse-power. 
| Hardness of metals and forms of tools vary, otherwise the amount of 
chips turned out per hour per horse-power would be practically constant, the 
higher cutting-speeds decreasing but slightly the visible work done, 

_ Taking into account these variations, the weight of metal removed per 
be goon, multiplied by a certain constant, is equal to the power necessary to do 

e work, 

This constant, according to the above tests, is as follows: 


Cast Iron. Wrought Iron. Steel. 


032 047 
028 042 
| 080 044 


The power necessary to run the lathe empty will vary from about .05 to .8 
H.P., which should be ascertained and added to the useful horse-power, to 
‘obtain the total power expended. 

Power used by Machine-tools. (R. E. Dinsmore, from the Elec- 
trical World.) 


1. Shop shafting 2 3/16” x 180 ft. at 160 revs., carrying 2° pulleys 

from 6/ diam. to 86’”, and running 20 idle machine belt. ....... 1.82 H.P. 
2. Lodge-Davis upright back-geared drill-press with tatle, 28/ 

swing, drilling %4’” hole in cast iron, with a feed of 1 u. per 


PTRIAEG ede vet as ese elieh wecigy Ehren Mean aaa aR De ahaa cies 0.78 H.P. 
8. Morse twist-drill grinder No. 2, carrying 2/’ x 6/7 wheels t 3200 

OUR aR eee EAS. asad eine Sin sera Mee 8 late Sekiehigsis = srgarestentee 0.29 H.P, 
4, Pease planer 30” x 36”, table 6 ft., planing cast iron, a © 34” 
_ deep, planing 6 sq. in. per minute, at 9 reversals...-....... .... 1.06 H.P, 
5. Shaping-machine 22/’ stroke, cutting steel die, 6’ stroke 14” 
' deep, shaping at rate of 1.7 square inch per minute.... .., ... 0.37 H.P. 
6. Engine-lathe 17’ swing, turning steel shaft 23g” diam., cut 0/16 

deep, feeding 7.92 inch per minute....... 2.20 eee eke eee eae 0.43 H.P. 
%. Engine-lathe 21/’ swing, boring cast-iron hole 5’ diam., cut 3/16 
Budiams., reading 0:8 per minute: 252255). lelweinesccnnn rate. va ewindiew 0.23 H.P. 
8. Sturtevant No. 2, monogram blower at 1800 revs. per minute, 

HO PID. eh geal ene Momele iae earntn lc ort cin eapicat ttsae unde 0.8 H.P. 
9. Heavy planer 28” x 28’ x 14 ft. bed, stroke 8’, cutting steel, 
Bed TOVERSAIS DOL IDOLE. sce oc cb ce tress commas eneictaasis nes dacalecn 3.2 HP. 


The table on the next page compiled from various sources, principally 
from Hartig’s researches, by Prof. J. J. Flather (Am. Mach., April 12, 1894), 
‘Imay be used as a guide in estimating the power required to run a given 
machine; but it must be understood that these values, although determined 
by dynamometric measurements for the individual machines designated, 
are not necessarily representative, as the power required to drive a machine 
itself is dependent largely on its particular design and construction. The 
character of the work to be done may also affect the power required te 
operate; thus a machine to be used exclusively for brass work may be 
“speeded from 10% to 15% higher than if it were to be used for iron work of 
similar size, and the power required will be proportionately greater. 
_ Where power is to be transmitted to the machines by means of shafting 
and countershafts, an additional amount, varying from 30% to 50% of the total 
’ power absorbed by the machines, will be necessary to overcome the friction 
of the shafting. 
Horse-power required to drive Shafting.—Samuel Webber, 
in his ‘‘ Manual of Power” gives among numerous tables of power required 
to drive textile machinery, a table of results of tests of shafting. A line of 
244” shafting, 342 ft. long, weighing 4098 lbs., with pulleys weighing 5331 Ibs., 
or a total of 9429 Ibs., supported on 47 bearings, 216 revolutions per minute, 
required 1.858 H.P. to drive it. This gives a coefficient of friction of 5.522. 
is par renteon tests the coefficient ranged from 8.34% to 11.4%, averaging 
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Hurse~power Required to Drive Machinery. 


ay 


Observed Horse-power. 


Name of Machine. 


Wore Running Light, 
Small screw-cutting lathe 1314” swing, B, G......... 0.41 10.18; 0.15*-0.34+ 
Screw-cutting lathe 1714”, B. +-| 0.867 |0.207; 0.16-0.466 
Serew-cuttin 0.47. |0.12; 0.12 to 0.31 
0.462 |0.05; 0.03 to 0.33 
0.53 10.187; 0.12t00.66 
0.91 0.87; 0.39 to 0.81 
0.28 to 8.40 
0.16 0.086 to 0.26 
0.24 | 0.07; 0.07 to 0.12 
0.63 |0.21; 0.01 to 0.47 
1.14 10,26; 0.15 to 0.78 
0.24 |0.12; 0.12 to 0.40 
0.84 0.27 
1.47 0.60 
0.62 0.39 
0.41 10.15; 0.15 to 0.48 
1.33 0.62 
1.24 0.62 
0.58 | 0.44; 0.1*-0.44+ 
0.67 10.30; 0.12*-0.80+ 
1.08 0.46 
0.28 |0.09; 0.05 to 0.25 
0.44 10.22; 0.15 to 0.65 
0.95 10.57; 0.43 to 0.94 
0.28. | 0.01; 0.003-0.13 
0.66 |0.26; 0.26 to 0.55 
0.18 0.10 ; 
eed 5 0.10-0.12 
12; 0.10-0.12*; 
0.98 |°"0.10 to 0.25¢ 
1.52 0.37 
7.12 0.67 
4.41 1.00 
0.79 0.16 
4.12 0.61 
2.70 54 
4.24 3.85 
8.03 1.42 
4.63 1.25 
5.00 | 0.74t-0.17§ 
3.20 1.45 
6.91 4.18 . 
8.23 0.70 
5.64 1.16 
0.96 0.19 
0.49 0.34 
8.68 | 1.67; 0.65 to 2.0 
2.11 1.42 
2.73 0.61 
2.25 2.17 
2.00 1.30 
2.45 2.00 
: 1.55 0.82 
Grindstone for stock, 42/712", Vel. 1680 ft, permin,; 3.11 0.24 
Emery wheel 1114’ diameter x 14”. Saw grinder..| 0.56 0.40 
* With back gears. + Without back gears. + For surface cutters. § With 


side cutters, B. G., back-geared. T. G.. triple-geared. 
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_Mforse=-power consumed in Machine-shops.—How much 
| power is required to drive ordinary machine-tools? and how many men can 
| oe employed per horse-power? are questions which it is impossible to answer 
by any fixedrule. The power varies greatly according to the conditions in 
each shop. The following table given by J. J. Flather in his work on Dyna- 
mometers gives an idea of the variation in severallarge works. The percen- 
tage of the total power required to drive the shafting varies from 15 to 80, 
‘and the number of men employed per total H.P. varies from 0.62 to 6.04, 


Horse-power; Friction; Men Employed. 


| 


Horse-power. sg be 
a ae ae 
AEP eae Aten vee a 
) Bee] ey oO = 
. é 5 2 2 
Kind Swle elo) & [al Be 
: Name of Firm, of £8 iS 2/88). 4 Bul § 
Work Be loelen| ols") oe 
alSSlieel8s| Sia [as 
g |gales|Sa| 2/5 |% 
IS} er - 6 
ela je |& | els | 
Lane & Bodley..... aecaae E..& W. W. 58 132)2.27 
J. A. Fay & Co..... ..| WwW. W. 100} 15} 85 | 15 | 300/3.00) 3.53 
Union Tron Works E., M. M. 400} 95 |305 | 23 | 1600|/4.00) 5.24 
Frontier Iron & Brass W’ks| M. E., ete. 25} 8117] 32] 150/6.00) 8.82 
aylor Mfg. Co............ E. 95 230/242 
Baldwin Loco. Works.. ... L. 2500/2000 |500 | 80 } 4100]1.64] 8.20 
W. Sellers & Co. (one de- 
partment).... 10.2. ..00.- H. M. 102} 41 | 61] 40] 300)2.93) 4.87 
Pond Machine Tool Co.... M. T. 180) 75 |105 | 41 | 432/2.40) 4.11 
Pratt & Whitney Co....... Ae 120) 725)/6.04 
Brown & Sharpe Co....... of 230) 900)3.91 
Yale & Towne Co.......... C.& L. 135} 67 | 68 | 49 |) 700/5.11)10.25 
Ferracute Machine Co..... P. &D. 35] 11 | 24] 31 90|2.57| 3.75 
T, B. Wood’s Sons.........]. P. &S. 12 80)2.50; 
Bridgeport Forge Co...... H. F. 150] 75 | 75} 50] 180] .86) 1.72 
~ Singer Mfg. Co............ Ss. M. 1300} 3500|2.69 
Howe Mfg. Co............ ae 350) 1500)4.28 
Worcester Mach. Screw Co| M.S§, 40} 80/2.00 
‘Hartford be a he zy 400} 100 |300 | 25 | 250)0.62) 0.83 
Nicholson File Co..... aerate F. 350) 400}1.14 
AVON A POS Ne ras caee sein alee esc sears 346.4 38 .6%|818.3|2,96] 5.13 


’ Abbreviations: E., engine; W.W., wood-working machinery; M. M., min- 
ing machinery; M. E., marine engines; L., locomotives; H. M., heavy ma- 
chinery; M. T., machine tools; C, & L., cranes and locks; P. & D., presses 
and dies; P. & S8., pulleys and shafting; H. F., heavy forgings; 8. M., sewing- 
machines; M. S., machine-screws: F., files. j 

J.T. Henthorn states (Trans. A. S. M. E., vi. 462) that in print-mills which 
_he examined the friction of the shafting and engine was in 7 cases below 
20% and in 35 cases between 20% and 30%, in 11 cases from 30% to 35% and in 2 
eases above 35%, the average being 25.9%. Mr, Barrus in eight cotton-mills 
found the range to be between 18% and 25.7%, the average being 22%. Mr. 
Flather believes that for shops using heavy machinery the percentage of 
_ power required to drive the shafting will average from 40% to 50% of the total 
_ power expended. This presupposes that under the head of shafting are 
- included elevaters, fans, and blowers. 
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Abrasive cutting is performed by means of stones, sand, eme! glass, 
- corundum, carborundum, crocus, rouge, chilled globules of iron, and insome 
_ eases by soft, friable iron alone. (See paper by John Richards, read before 
the Technical Society of the Pacific Coast, Am. Ma ¥., Aug. 20, 1891, and 
Eng. & M. Jowr., July 25 and Aug, 15, 1891.) 
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The ** Cold Saw.??—For sawing any section of iron while com me 
cold saw is sometimes used. This consists simply of a plain soft steel or 
iron disk without teeth, about 42 inches diameter and 3/16 inch thick. The 
velocity of the circumference is about 15,000 feet per minute. One of these 
saws will saw through an ordinary steel rail cold in about one minute. In 
this saw the steel or iron is ground off by the friction of the disk, and is not 
cut as with the teeth of anordinary saw. It has generally been found more 
profitable, however, to saw iron with disks or band-saws fitted with cutting- 
teeth, which run at moderate speeds, and cut the metal as do the teeth of a 
milling-cutter, ‘ 

Reese’s Fusing=-disk.—Reese’s fusing-disk is an application of the 
cold saw to cutting iron or steel in the form of bars, tubes, cylinders, etc., 
in which the piece to be cut is made to revolve at a slower rate of speed 
than the saw. By this means only a small surface of the bar to be cut is 
presented at a time to the circumference of the saw. The saw is about the 
same size as the cold saw above described, and is rotated at a velocity of 
about 25,000 feet per minute. The heat generated by the friction of this saw 
against the small surface of the bar rotated against it is so great that the 
particles of iron or steel in the bar are actually fused, and the “ sawdust” 
welds as it falls intoasolid mass. This disk will cut either cast iron, wrought 
tron, or steel. It will cut a bar of steel 13 inch diameter in one minute, in- 
cluding the time of setting it in the machine, the bar being rotated about 
200 turns per minute. 

Cutting Stone with Wire.—A plan of cutting stone by means of a 
wire cord has been tried in Europe. While retaining sand as the cutting 
agent, M. Paulin Gay, of Marseilles, has succeeded in applying it by mechan- 
ical means, and as continuously as formerly the sand-blast and band-saw, 
with both of which appliances his system—that of the “ helicoidal wire 
cord *—has considerable analogy. An engine puts in motion a continuous 
wire cord eye. from five to seven thirty-seconds of an inch in diameter, 
according to the work), composed of three mild-steel wires twisted at a cer- 
tain pitch, that is found to give the best results in practice, at a speed of 
from 15 to 17 feet per second. 

The Sand-blast.—In the sand-blast, invented by B. F. Tilghman, of 
Philadelphia, and first exhibited at the American Institute Fair, New York, 
in 1871, common sand, powdered quartz, emery, or any sharp cutting mate- 
rial is blown by a jet of air or steam on glass, metal, or other comparatively 
brittle substance, by which means the latter is cut, drilled, or engraved 
To protect those portions of the surface which it is desired shall not be 
abraded it is only necessary to cover them with a soft or tough material, 
such as lead, rubber, leather, paper, wax, or rubber-paint. (See description 
in App. Cyc. Mech.; also U.S. report of Vienna Exhibition, 1873, vol. iii, 816.) 

A ‘jet of sand” impelled by steam of moderate pressure, or even by the 
blast of an ordinary fan, depolishes glass in afew seconds; wood is cut quite 
rapidly; and metals are given the so-called “frosted” surface with great 
rapidity. With a jet issuing from under 300 pounds pressure, a hole was 
cut through a piece of corundrum 14% inches thick in 25 minutes. 

The sand-blast has been applied to the cleaning of metal castings and 
sheet metal, the graining of zinc plates for lithographic purposes, the frost- 
ing of silverware, the cutting of figures on stone and glass, and the cutting 
of devices on monuments or tombstones, the recutting of files, etc. The 
‘time required to sharpen a worn-out 14-inch bastard file is about four 
jminutes. About one pint of sand, passed through a No, 120 sieve, and four 
horse-power of 60-lb. steam are required for the operation. For cleaning 
castings compressed air at from 8 to 10 pounds pressure per square inch is 
employed. Chilled-iron globules instead of quartz or flint-sand are used 
with good results, both as to speed of working and cost of material, when 
the operation can be carried on under proper conditions. With the expen- 
diture of 2 horse-power in compressing air, 2 square feet of ordinary 
scale on the surface of steel and iron plates can be removed per minute. 
The surface thus prepared is ready for tinning, galvanizing, plating, bronz- 
ing, painting, etc. By continuing the operation the hard skin on the surface 
of castings, which is so destructive to the cuttin edges of milling and 
other tools, can be removed. Small castings ate Plated in a sort of slowly 
noeneg barrel, Sope at one or both ends, through which the blast is 
directed downward against them as they tumble over and over: No portion 
of the surface escapes the action of the sand. Plain cored work, such as 
valve-bodies, can be cleaned perfectly both inside and out. 100 Ibs. of cast- 
ings can be cleaned in from 10 to 15 minutes with a blast created by 2 horse.’ 
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edly The same weight of small forgings and stampings can be scaled in 
rom 20 to 30 minutes.—fron Age, March 8, 1894. 
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t The Selection of Emery-wheels.—A pamphlet entitled “ Emery: 
wheels, their Selection and Use,” published by the Brown & Sharpe Mfg. 

Co., after calling attention to the fact that too much should not be expected 
of one wheel, and commenting upon the importance of selecting the proper 
wheel for the work to be done, says : 

Wheels are numbered from coarse to fine; that is, a wheel made of No, 
60 emery is coarser than one made of No. 100. Within certain limits, and 
other things being equal, a coarse wheel is less liable to change the tem- 
‘perature of the work and less liable to glaze than a fine wheel. Asa rule, 
the harder the stock the coarser the wheel required to produce a given 
finish. For example, coarser wheels are required to produce a given sur- 

| face upon hardened steel than upon soft steel, while finer wheels are re- 
quired to produce this surface upon brass or copper than upon either 
hardened or soft steel. 

Wheels are graded from soft to hard, and the gradeis denoted by the 
letters of the alphabet, A denoting the softest grade. A wheel is soft or 
hard chiefly on account of the amount and character of the material com. 
bined in its manufacture with emery or corundum. But other character. 
istics being equal, a wheel that is composed of fine emery is more compact 

- and harder than one made of coarser emery. Yor instance, a wheel of No. 
100 emery, grade B, will be harder than one of No. 60 emery, same grade. 

The softness of a wheel is generally its most important characteristic. A 
soft wheel is less apt to cause a change of temperature in the work, or to 
become glazed, than a harder one. It is best for grinding hardened steel, 
cast-iron, brass, copper, and rubber, while a harder or more compact wheel 
is better for grinding soft steel and wroughtiron. As a rule, other things 
being equal, the harder the stock the softer the wheel required to produce 
a given finish. 

Generally speaking, a wheel should be softer as the surface in contact 

_ with the work is increased. For example, a wheel 1/16-inch face should be 
harder than one 44-inch face. If a wheel is hard and heats or chatters, it 
can often be made somewhat more effective by turning off a part of its 
' cutting surface; but it should be clearly understood that while this will 
- sometimes prevent a hard wheel from heating or chattering the work, such 
_ & wheel will not prove as economical as one of the full width and proper 
grade, for it should be borne in mind that the grade should always bear the 
roper relation to the width, (See the pamphlet referred to for other in- 
formation. See also lecture by T, Dunkin Paret, Pres’t of The Tanite Co., 
_ on Emery-wheels, Jour. Frank. Inst., March, 1890.) 
Speed of Emery-wheels.-—-The following speeds are recommended 


_ by different makers : 


re Revolutions per minute. ea Revolutions per minute, 
. ios rao TTS REGRET IO GOS ace PORE Reem Eee lols. 
he : - 2 ms) : - ; > 
£2) g8 | 8 | 225] 28 182] 88 | 8 | 288] sé 
'83/ a5 S52 |ssa) te Isc] Se | Se | sas] ee 
a5| 3= | a | 522) s& [S| o® | Fe [G22 | SF 
z| BR é SF 8 Pe) Fa & Se | si 
1 19;0008| 750.4] eee ee 10 | 1,950 | 2,160 | 2,200 | 2,200 
136) 12,500 | 14,400 |........ 12,000 } 12 | 1,600 | 1,800 | 1,800 { 1,850 
2 9,500'| 10,800 |... .... 10,000 | 14 | 1,400 } 1,5 1,600 | 1,600 
216| 7,600) 8640 |..... .. 8,500 f 16 | 1,200 | 1, 1,400 | 1,400 
eB 3 6,400 | 7,200] 7,400} 7,400} 18 | 1,050 | 1,222 | 1,250 | 1,250 
4 4,800 | 5,400] 5,4 5,450 #20 | 950 | 1,080 | 1,100 | 1,100 
5 3,800 | 4,320] 4,400} 4,400 22 | 87 ,000 | 1,000 | 1,000 
b.6 3,200 | 3,600} 3,600} 3,600 24 | 800 917 925 925 
hi? 2,700 | 3080} 3,200} 815026) 750 |........ 600 825 
, 8 2.400 | +%,700 | 2,700] 2,750 f 30 a5 733 500 735 
2) 2,150 | 2,400! 24001 2450036 | 550 1 611 400 550 


““ We advise the regular speed of 5500 feet per minute.’’ (Detroit Emery: 
wheel Co.) 


“Experience has demonstrated that there is no advantage in running 


i 
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solid emery-wheels at a higher rate than 5500 feet per minute peripheral 
speed.” (Springfield E. W. Mfg. Co.) 

* Although there is no exactly defined limit at which a wheel must be run 
to render it effective, experience has demonstrated that, taking into account 
safety, durability, and liability to heat, 5500 feet per minute at the periphery 
gives the best results. All first-class wheels have thenumber of revolutions 
necessary to give this rate marked on their labels, and a column of figures 
in the price-list gives a corresponding rate. Above this speed all wheels 
are unsafe, If run much below it they wear away rapidly in proportion to 
what they accomplish.’’ (Northampton E. W. Co.) : 

Grades of Emery.—The numbers representing the grades of emery 
run from 8 to 120, and the degree cf smoothness of surface they leave may 
be compared to that left by files as follows: 

8and 10 represent the cut of a wood rasp. 
16 48) 720 sf sc “a, coarse rough file, 
oe $=) 80 +e “ s« * an ordinary rough file, 


“40 ee “« 6 S* @ bastard file. 
46 “* 60 # “ © 4 second-cut file, 
70 “o 80 “oo os ee 6 a smooth “ 


90 “ 100 “ “ “ee “ a superfine a“ 
2200Fand FF “ ss «e « @ dead-smooth file, 


Speed of Polishing-wheels. 


Wood covered with leather, about..........ssceeee eos 7000 ft. per minute 
bat a ‘* ahair brush, about..........-..... 2500 revs, for largest 
Ag & 1146” to 8” diam., hair 1” to 114” long, ab. 4500 “ “smallest 

Walrus-hide wheels, about..,........sssceeeccecescceeee 8000 ft. per minute 

Rag-wheels, 4 to 8 in. diameter, about......._........ 000 “* st 


Stress per sq. in. of section of a grindstone = (.7071D x N)? x .0000795 
BT i Ts a bid ** an emery-wheel = (.7071D x N’)? x .00010226 

D = diameter in feet, N = revolutions per minute. 

He takes the weight of sandstone at .078 1b. per cubic inch, and that of an 
emery-wheel at 0.1 lb. per cubic inch; Ohio stone weighs about .081 Ib. and 
Huron stone about .089 Ib. percubic inch. The Ohio stone will bear a speed 
at the periphery of 2500 to 3000 ft. per min., which latter should never bd@ 
exceeded. The Huron stone can be trusted up to 4000 ft., when properly 
clamped between flanges and not excessively wedged in setting, Apart 
from the speed of grindstones as a cause of bursting, probably the majority 
of accidents have really been caused by wedging them on the shaft and over 
wedging to true them. The holes being square, the excessive driving of 
wedges to true the stones starts cracks in the corners that eventually run 
out until the centrifugal strain becomes greater than the tenacity of the 
remaining solid stone. Hence the necessity of great caution in the use of 
wedges, as well as the holding of large quick-running stones between large 
flanges and leather washers. 


Strains in Grindstones,. 
Limit oF VELocITy AND APPROXIMATE ACTUAL STRAIN PER Square INcH or 
SECTIONAL AREA FOR GRINDSTONES OF MEDIUM TENSILE STRENGTH. 
Bia dae es PENS, 


Revolutions per minute. 


Diam- a 
Stole 100 150 200 250 300 350 400 
e———O— Oo | OOOO [| |] —E 7 
feet. Ibs. Tbs. lbs. Ibs. Ibs. Ibs. Ibs. 
2 1.58 3.57 - 6.35 14.30 18.36 25.42 
246 2.47 5.57 F 22.29 28.64 89.75 
3 3.57 8.04 S216 ie Saaealcer esi ‘ 
3% AKC6. |" 10298)". 10:44 2 | 080,88 vail e. akeefuet te ea Bes oe 
4 6.35 TS 80 0h OU Beal re aaisss geal Pee aeRO Aer aed| Se Cae , 
: . Approximate breaking strain te 
6 14.30 82.17 times the strain for ae opposits 
va 2 Oe eae eo . the bottom figure in each cok 


umn. 
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The figures at the bottom of columns designate the limit cf velocity (in 
‘revolutions per minute), at the head of the columns for stones of the diam- 
eter in the first column opposite the designating figure. 

A general rule of safety for any size grindstone that has a compact and 
strong grain is to limit the ooh ais velocity to 47 feet per second. 
There is a large variation in the listed speeds of emery-wheels by different 
-makers—4000 as a minimum and 5600 maximum feet per minute, while 
others claim a maximum speed of 10,000 feet per minute as the safe speed 
of their best emery-wheels. Rim wheels and iron centre wheels are special- 
ties that require the maker’s guarantee and assignment of speed. 
Strains in Emery-wheels, 
_ ActuaL STRAIN PER SQUARE INCH oF SECTION IN EMERY-WHEELS AT THE 
VELOCITIES AT HEAD OF CoLUMNS FOR SIZES IN First CoLuUMN. 


Revolutions per minute. 


. hs eee Poe 22.67| 27.43| 32.64| 38.31 
a plese a tient Saha Fans Fatt 51.18] 61.86) 73. 


in. | 2800 | 3000 


0274 Sipser a Spe Pepa tine tape Se Pe pel We a ar lI ee 
of WEEE wreresfecsese] 6 ]100-21/115.08 


The speeds of stones for file-grinding, and other similar rapid grinding is 
thus given in the ‘‘ Grinders’ List.” ; ‘ f 


Diam. ft....... 8 7 6 5 4 3 3 
Revs. per min. 135 7A 154 168 180 ié 216 Py 270 360 

The following table, from the Mechanical World, is for the diameter of 
stones and the number of revolutions they should run per minute (not to be 
exceeded), with the diameter of change of shift-pulleys required, varying 


each shift or change 244 inches, 244 inches, or 2 inches in diameter for each 
teduction of 6 inches in the diameter of the stone. 


Shift of Pulleys, in inches. 
Diameter Revolutions 


of Stone. per minute. 2 
24 24 2 
«ft in. 
fe] m | & | & | 8 
bf fi 
7 4 _ 314 Este = 
6 1 2914 
G& 2 180 30 a7 24 
5 6 196 2736 24) 22 
5 0 216 25 224, 20 
“ ae 240 2he 20) 18 
Be ee ee a ee 
3 6 
8 0 360 15 1 12 
3 
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Columns 3, 4, and 5 are given to show that if westart an 8-foot stone with, 
say, a countershaft pulley driving a 40-inch pulley on the grindstone spindle, 
and the stone makes the a number (135) of revolutions per minute, the 
reduction in the diameter of the pulley on the grinding-stone spindle, when 
the stone has been reduced 6 inches in diameter, will require to be also re- 
duced 244 inches in diameter, or to shift from 40 inches to 374 inches, and so 
on similarly for columns 4 and 5. Any other suitable dimensions of poles 
may be used for the stone when eight feet in diameter, but the number of 
inches in each shift named, in order to be correct, will have to be propor- 
pera ane numbers of revolutions the stone should run, as given in column 

of the ie. 


Varieties of Grindstones, 
(Joshua Rose.) 


For Grixprye Macurnists’ Toots. 


Name of Stone, Kind of Grit. |TextureofStone.| Color of Stone. 


. All kinds, from | All kinds, from | Blue or yellowish 
Liteok maine w ' finest to coarsest |hardest to softest aA ‘ae 
ty Chaleur (New Ted; nifor: t 
Begnewick), ' Medium to finest} Soft andsharp |~pie > © 
Liverpool or Melling.} Medium to fine ae with sharp | Reddish} 
grt 


For Woop-workine Toots. 


Wickersley.. ........ Medium to fine | Very soft Grayish yellow 
Liverpool or Melling.| Medium to fine : om sharp | Reddish 
Bay Chaleur (New : Medium to finest] Soft and sharp | Uniform light blue 


Brunswick), ‘ 
Huron, Michigan ... | Fine Soft andsharp | Uniform light blue 
Scena nn es een eS ee eee Ee UR Soe ee Eee 


For Grinpine Broap SURFACES, AS SAws or IRON PLATES, 


Coarse to med’m| The hard ones | Yellow 
Independence........ arse Hard to medium| Grayish white 
MBSSTNGD 5 ons: 535 Se Coarse Hard to medium) Yellowish white 


TAP DRILLS. 
Taps for Machine-screws. (The Pratt & Whitney Co.) 


Approx. Approx. 
Diameter, | Wire | No. of Threads | Diameter, | Wire | No. of Threads 
fractions | Gauge. to inch. fractions | Gauge. to inch. 
'{ of an inch. of an inch, 
f No. 1 60, 72 
i 2 48, 56, 64 
3 | 40, 48, 56 
7/64 4 82, 36, 40 
5 30, 32, 36, 40 
9/64 6 30, 32, 36, 40 
7 | 24, 80, 32 
5/32 8 | 24, 30, 32, 36, 40 
9 , 80, B2 
3/16 10 | 20, 22, 24, 30, 32 
11 22, 24 
7/32 12 | 20, 22, 24 


The Morse Twist Drill and Machine Co. gives the following table showing 
the different sizes of drills that should be used when a suitable thread is to’ 


be tapped ina hole. The sizes given are practically correct. 


esse" po] apy “Op 3 
PO/eP 1 PO/IPL G Hp | ee/iet ings Seer ro/eg | °°" 4g 2/8 1 
¥9/IP I $9/68T go Mp | 91/sT I psecte 79/19 a in Sea 91/1 T 
#9/6e Ll $9/281 G Hr | e6/61 aise to/eg J oss °° 4g we/T 1 
F9O/ET $9/Ge T g HP I Sree np tens '*ls SOE SIRES I 
wees 79/8 T o* G 28/25 1 eeeee eeeee 91/8 7a ot 6 28/1 
£9/88 T Pe eeSis | OR SLE mete Ao 6 | 9I/SE 
PO/lE L "  g  } 8/93 T eae *: 79/6h Or 6 | &&/68 ; 
$9/6e I Le eG Yat b9/LP * ¥9/1b 28/8 Or 6 % : 
$9/26 T &%o gj es/sat pieiniaie | Ae Peer Tee See OLED “7 8" OL | 88/28 
$9/G% T Sq -¢ =| OI/ILT png i: ot 0% = 1OF/8h 
: verses’ $9/¢6 1 ra G | @s/Iet $9/eh se/IS F9/Ib | @E It OL | vE/9% 
$9/G6 I 19/1e T g Se1 #9/Ib % 49/68 | SE IL OL % 
paar sts 49/8 T 2902. 9) WBS/6LE tress £0/68 Gr /6L “ @E Ik | 68/8 
Z ¥9/1% T Smeg 91/6 t st* 49/18 91/6 * 225 ATT oP OI/TE 
iI ee PO/GLL So Gs | | 86/21 t p9/o8 BE/41 FO/EE | Vt IL OF ats 
q 49/61 T F/T eon.) 4 | ro/ege % 49/18 | OL IL OL 
4 faa 68/2 T 9 |2e/SrT Pres Ot POSE ** FL Bt || 88/61 
Co sik 91/8 1 9 I/L 1 sts $9/6% 9I/L "* $l el | 91/6 
a ere we/G 9 | e8/EtT 91/2 9/12 eE/SE | FI ‘et et | a6/2t 
ay $9/IE T bas 9 56 I pose OM HR Ege at | 
a gurn $9/6 L 4 1 ee/Ut SS S2E Wh ee ShGG alee SOL oat alae) OE 
a onesies F9/L 1 Paar 91/gT PB BR ALT (6) “* OF #1 || 9T/2 
Oy aE CCST A ayes SATS 2e/6 T d 9i/¢ i SI 9I #1 | 2e/ET 
9/6 I SSS ee O/ BE 4 Kt W c8/6 F9/2E | gt or Fr | % 
riegee se £9/el F9/1T 8 2 BE/L T ae hola et “SI OL | @8/IT 
FO/E TE 9/89 8 2 91/8 1 seees BG/Q1 Be/t "* SE 9f | 91/s 
Z £9/e9 9/19 8 4&4 68/¢ I € F9/El 91/2 0% St 9 | 28/6 
9/19 49/19 9/69 ee 1 SI PO/IT 28/9 0g st of | & 
{ 
i} 
“pealuy, “S'S " “pean A *youro} = |"dey, jo BUCCRLAR ~ “Yout OF ‘dey, Jo 
aera ee 103 Td SpeoIyL ON | weld | “S'S ‘A 103 pag | PPEMML AATEC | syeoryy ‘on | “weld 


(op ouryoeyy pue TIM 4SIM, esi0y_ os) 
"silica dus : 
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TAPER BOLTS, PINS, REAMERS, ETO. 


Taper Bolts for Locomotives,.—Bolt-threads, U. S. standard. 
except stay-bolts and boiler-studs, V threads, 12 per inch; valves, cocks, and 
plugs, V threads, 14 per inch, and -inch taper per 1 inch. Standard bolt 
taper 1/16 inch per foot. 

Taper Reamers.—The Pratt & Whitney Co. makes standard taper 
reamers for locomotive work taper 1/16 inch per foot from 4 inch diam.; 
4 in, length of flute to 2 in. diam.; 18 in. length of flute, diameters advancing 
by 16ths and 32ds. P. & W. Co.’s standard taper pin reamers taper 4 in. 
per foot, are made in 14 sizes of diameters, 0,135 to 1.009 in,; length of flute 
15/16 in. to 12 in, 


DIMENSIONS OF THE Prart & WuHitNEY Company’s REAMERS FOR MorsE 
STANDARD-TAPER SOCKET. 


Diameter | Diameter Gauge | Gauge |Length Total Taper 
No. |Small End,|Large End,|Diam.,la’ge|L’ngth,| Flute, L’ngth,| Per foot, 

inches. inches. |end, inches| inches.| inches. sth.) “inches 

1 0.365 0.525 0.475 246 3 5 0.600 
2 0.57: 0.749 0.699 344 614 0,602 
8 0.779 0.982 0.936 35/16} 4 203 0.602 
4 1.026 1.283 1.231 5 834 0.623 
5 1.486 1.796 1.746 5 6 10 0.630 
6 2.117 2.566 2.500 m4 814 | 121 0.626 


' Standard Steel Taper-pins.—The following sizes are made by 
The Pratt & Whitney Co.: 
Number: 
0 1 2 3 4 5 6 7 8 9 10 
Diameter large end: ‘ 
156 172 =.198 .219 .250 .289 .341 .409 .492 .591 .706 


Approximate fractional sizes; 
5/ 11/64 3/16 7/382 34 19/64 11/82 18/82 14 19/82 28/82 | 


ee Mm me OM OOM 1% 1g 6 

4 A A 4 1 1 1 
To* t 14 i% 1% 2 234 «34 334 rth 5% 6 
Diameter small end of standard taper-pin reamer:t ; 

185 .146 .162 .183 .208 .240 .279 .38 .398 .482 .581 

Standard Steel Mandrels. (The Pratt & Whitney Co.)—These 

mandrels are made of tool-steel, hardened, and ground true on their cen. 
tres. Centres are also ground to true 60° cones. The ends are of a form 
best adapted to resist injury likely to be caused by driving. They are 
slightly taper. Sizes, 14 in. diameter by 87 in. long to 2 in. diam. by 145¢ in. 
long, diameters advancing by 16ths. 


PUNCHES AND DIES, PRESSES, ETC. 


Clearance between Punch and Die.—For computing the amount 
of clearance that a die should have, or, in other words, the difference in 
size between die and pares the general rule is to make the diameter of 
die-hole equal to the diameter of the punch, plus 2/10 the thickness of the 
plate. Or, D= d+ .2t, in which D = diameter of die-hole, d = diameter of 
punch, and ¢ = thickness of plate. For very thick plates some mechanics 
prefer to make the die-hole a little smaller than called for by the above rule. 
For ordinary boiler-work the die is made from 1/10 to 3/10 of the thickness ~ 
of the plate larger than the diameter of the punch; and some boiler-makers 
advocate making the punch fit the die accurately. For punching nuts, the 
punch fits in the-die, (Am. Machinist.) 

Kennedy’s Spiral Punch. (The Pratt & Whitney Co.)—B. Martell 
Chief Surveyor of Lloyd’s Register, reported tests of Kennedy’s spiral 
punches in which a %-inch spiral punch penetrated a 5¢-inch plate at a pres- 
sure of 22 to 25 tons, while a flat punch required 83 to 35 tons. Steel boiler- 
plates punched with a flat punch gave an average tensile strength of 58,579 — 


* Lengths vary by 14” each size. + Taken 14” from extreme end. Each’ 
gize overlaps smaller one about 44”. Taper 14’ to the foot. 5 
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ibs. per square inch, and an elongation in two inches across the hole of 5.2%, 
while plates punched with a spiral punch gave 63,929 lbs., and 10.6% elonga- 
tion. , : 
The spiral shear form is not recommended for punches for use in metal of 
_a thickness greater than the diameter of the punch. This form is of great- 
est benefit when the thickness of metal worked is less than two thirds the 
diaineter of punch. 

Size of Blanks used in the Drawineg-press. Oberlin Smith 
(Jour. Frank. Inst,, Nov. 1886) gives three methods of finding the size of 
blanks. The first is a tentative method, and consists simply in a series of 
experiments with various blanks, until the proper one is found. This is for 
use mainly in complicated cases, and when the cutting portions of the die‘ 
and punch can be finally sized after the other work is done. The second 
method is by weighing the sample piece, and then, knowing the weight of 
the sheet metal per square inch, computing the diameter of a piece having 
the required area to equal the sample in weight. The third method is by 


computation, and the formula is # = 7d? + 4ddh for sharp-cornered cup, 
where x = diameter of blank, d= diameter of cup, h = height of cup. For 
round-cornered cup where the corner is small, say radius of corner less than 


14 height of cup, the formula is w = ( Vd? + 4dh) — r, about; r being the 
-radius of the corner. This is based upon the assumption that the thickness 
of the metal is not to be altered by the drawing operation. 
Pressure attainable by the Use of the Drop-press, (R. H. 
Thurston, Trans, A.S. M. E., v. 58.)—A set of copper cylinders was prepared, 
of pure Lake Superior copper; they were subjected to the action of presses 
of different weights and of different heights of fall. Companion specimens 
of copper were compressed to exactly the same amount, and measures were 
obtained of the loads producing compression, and of the amount of work 
done in producing the compression by the drop, Comparing one with the 
- other it was found that the work done with the hammer was 90% of the work 
which should have been done with perfect efficiency. That is to say, the 
work done in the testing-machine was equal to 90% of that due the weight of 


the drop falling the given distance. : : 
oF TaeNrcalrceah a ticnouda ee Weight of drop x fall x efficiency 
OX EAU See coe Pp a compression. : 


_ For pressares per square inch, divide by the mean area opposed to erush- 
ing action during the operation. 

Flow of Metals. (David Townsend, Jour. Frank. Inst., March, 1878.) 
»~—In punching holes 7/16 inch diameter through iron blocks 134 inches thick, 
it was found that the core punched out was only 11/16 inch thick, and its 

volume was only about 32% of the volume of the hole. Therefore, 68% of the 
metal displaced by punching the hole flowed into the block itself, increasing 
its dimensions, 


FORCING AND SHRINKING FITS. 


Forcing Fits of Pins and Axles by Hydraulic Pressure. 
‘A 4-inch axle is turned .015 inch diameter larger than the hole into which 
it is to be fitted. They are pressed on by a pressure of 30 to 35 tons. (Lec- 

_ ture by Coleman Sellers, 1872. 

For forcing the crank-pin into a locomotive driving-wheel, when the pin- 

hole is perfectly true and smooth, the pin should be pieseed in with a pres- 
sure of 6 tons for every inch of diameter of the wheel fit. When the hole is 
not perfectly true, which may be the result of shrinking the tire on the 
wheel centre after the hole for the crank-pin has been bored, or if the hole is 
not perfectly smooth, the pressure may have to be increased to 9 tons for 
every inch of diameter of the wheel-fit. (4m. Machinist.) 

Shrinkage Fits.—In 1886 the American Railway Master Mechanics’ 
Association recommended the following shrinkage allowances for tires of 
' standard locomotives. The tires are uniformly heated by gas-flames, slipped 
- over the cast-iron centres, and allowed to cool. The centres are turned to 


_ the standard sizes given below, and the tires are bored smaller by the 
_ amount of the shrinkage designated for each; 


 . Diameter of centre,in.... 88 44 50 56 62 66 
eu Shrinkage allowance, in.. .040 .047 .053 .060 .066 .070 


This shrinkage allowance is approximately 1/80 inch per foot, or 1/960. A 
common allowance is 1/1000. Taking the mo ulus of elasticity of steel at 


to, 
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30,000,000, the strain caused by shrinkage would be 30,000 Ibs. per square 
inch, less an uncertain amount due to compression of the centre. 7 


SCREWS, SCREW-THREADS, ETC.* 


Efficiency of a Screw.—Let a= angle of the thread, thatis, the 
angle whose tangent is the pitch of the screw divided by the circumference 
of a circle whose diameter is the mean of the diameters at the top and 
bottom of the thread. Then for a square thread 


1—ftana 

1+/ cotan a’ 
in which fis tue coefficient of friction. (For demonstration, see Cotterill and 
Slade, Applied Mechanics, p. 146.) Since cotan = 1 + tan, we may substitute 


for cotan a the reciprocal of the tangent, or if p = pitch, and c = mean cir- 
cumference of the screw, 


Efficiency = 


1-72 
Efficiency = ————. 
tn 
Exampie.—Efficiency of square-threaded screws of 34 in, pitch. 
Diameter at bottom of thread,in.... 1 2 3 4 
e “to “ “ec aS 8 1% 214 846 4h 
Mean circumference ‘* ‘ ac. 8.987 7.069 10.21 13.35 
Cotangent a = c+ P............-. = 7.854 14.14 20.42 26.70 
Tangent a = p +C..........- soo Su ere 0707 -0490 -0375 
Efficiency if f = .10.. = 55.8% 41.2% 82.7% 27 2% 
a PENA see tseeccs anes), 408 81.7% 24.44 19.94% 


The efficiency thus increases with the steepness of the pitch. 

The above formule and examples are for square-threaded screws, and 
consider the friction of the screw-thread only, and not the friction of the 
collar or step by which end thrust is resisted, and which further reduces the 


efficiency. The efficiency is also further reduced by giving an inclination to — 


the side of the thread, as in the V-threaded screw. For discussion of this 
Subject, see paper by Wilfred Lewis, Jour. Frank. Inst. 1880; also Trans, 
A. S. M. E., vol. xii. 784. 
Efficiency of Screw-bolts.—Mr. Lewis gives the following approx~ 
imate formula for ordinary screw-bolts (V threads, with collars): p= 
itch of screw, d = outside diameter of screw, F' = force applied at cireum- 
erence to lift a unit of weight, H = efficiency of screw. For an average 
case, in which the coefficient of friction may be assumed at .15, 


Dard sags Tend 
HE Ys ae = ea 


For bolts of the dimensions given above, 14-in, pitch, and outside diam. 

eters 114, 214, 314, and 4\gin., the efficiencies according to this formula 
would be, respectively, .25, .167, .125, and .10. 
, James McBride (Trans. A. S, M. E., xii. 781) describes an experiment with 
‘an ordinary 2-in. screw-bolt, with a V thread, 414 threads per inch, raising 
a weight of 7500 Ibs., the force being applied by turning the nut. Of the 
power applied 89.8% was absorbed by friction of the nut on its supporting 
washer and of the threads of the bolt in the nut. The nut was not faced, 
and had the flat side to the washer. 

Prof, Ball in his ‘‘ Experimental Mechanics” says: ‘‘Experiments showed 
in two cases respectively about % and 34 of the power was lost.” 

Trautwine says: ‘‘In practice the friction of the screw (which under 
heavy loads becomes very great) make the theoretical calculations of but 
little value.”’ 

Weisbach says: ‘‘ The efficiency is from 19% to 80%.”” { 

Efficiency of a Differential Screw.—A correspondent of the 
American Machinist describes an experiment with a differential screw- 
punch, consisting of an outer screw 2 in. diam., 3 threads per in., and an 
inner screw 13 in, diam., 344 threads per inch. The pitch of the outer screw 
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being 3 in. and that of the inuer screw a in., the punch would ad- 
vance in one revolution 44 — 2/7 = 1/21 in. Experiments were made to de- 
termine the force required to punch an 11/16-in. hole in iron 44 in, thick, the 
force being applied at the end of a lever-arm of 4734in. The leverage would 
be 4734 x 27 X 21 = 6300. The mean force applied at the end of the lever 
was 95 lbs., and the force at the punch, if there was no friction, would be 
6300 x 95 = 598,500 lbs. The force required to punch the iron, assuming a 
shearing resistance of 50,000 Ibs, per sq. in., would be 50,000 x 11/16 x 7 x 
434 = 27,000 lbs., and the efficiency of the punch would be 27,000 + 598,500 = 
only 4.5%. With the larger screw only used as a punch the mean force at 
the end of the lever was only 82 lbs. The leverage in this case was 4734 X 
2x X 3 = 900, the total force referred to the pee including friction, oe 
82 = 73,800, and the efficiency 27,000 ~ 73,800 = 86.7%. The screws were of 
tool-steel, well fitted, and lubricated with lard-oil and lumbago. ( 

Powells New Screw-thread.—A. M. Powe (Am. Mach., Jan. 24, 
1895) has designed a new screw-thread to ss dogs the square form of thread, | 
giving the advantages of greater ease in ma ing fits, and provision for “ take 
up” in case of wear. The dimensions are the same as those of square- 
thread screws, with the exception that the sides of the thread, instead of 
being perpendicular to the axis of the screw, are inclined 1414° to such per- 
pendicular; that is, the two sides of a thread are inclined 29° to each ot er. 
The formule for dimensions of the thread are the following: Depth of 
thread = 14 + pitch; width of top of thread = width of space at bottom = 
3707 + pitch; thickness at root of thread = width of space at top = .6293 + 
pitch. The term pitch is the number of threads to the inch, 


PROPORTIONING PARTS OF MACHINES IN A SERIES 
OF SIZES, 


(Stevens Indicator, April, 1892.) 


The following method was used by Coleman Sellers while at William Sellers 
& Co.’s to get the proportions of the parts of machines, based upon the 
Size obtained in building a large machine and a small one to any series of 
machines. This formula is used in getting up the proportion-book and ar- 
ranging the set of proportions from which any machine can be constructed 
of intermediate size between the largest and smailest of the series, 

Rule to Establish Construction Formulz,—Take difference 
between the nominal sizes of the largest and the smallest machines that 
have been designed of the same construction. Take also the difference be- 
tween the sizes of similar parts on the largest and smallest machines se- 
lected. Divide the latter by the former, and the result obtained will be a 
“factor,” which, multiplied by the nominal capacity of the intermediate 
machine, and increased or diminished by a constant “ increment,” will give 
the size of the part required. To find the “increment :” Multiply the nomi- 
nal capacity of some known size by the factor obtained, and subtract the 
‘result from the size of the part belonging to the machine of nominal ca- 
pacity selected. 

___, £xamPLe.—Suppose the size of a part of a 72-in. machine is 3 in., and the 
' corresponding part of a 42-in. machine is 1%, or 1.875 in.: then 72 — 42 = 
80, and 3 in. — 1% in, = 134 in. = 1.125, 1.125 + 30 = .0375 = the “ factor,* 
and .0375 X 42 = 1.575. Then 1.875 — 1.575 = .3 = the “increment ” to be. 
Bes. it He = nominal capacity; then the formula will read: 2 = 
X .0875 + .3. | 
Proof: 42 x .0375 +- .3 = 1.875, or 1%, the size of one of the selected parts, 
, Some prefer the formula: aD + ¢ = x, in which D = nominal cai acity in 
inches or in pounds, c is a constant increment, a is the factor, and # = the 
part to be found. 


: KEYS. 


Sizes of Keys for Mill-gearing. (Trans. A. S. M. E., xiii, 229.)—E, 
G. Parkhurst’s rule: Width of key = 4 diam. of shaft, depth = 1/9 diam. of 
‘shaft; taper 1¢ in. to the foot, 

Custom in Michigan saw-mills: Keys of square section, side = 4% diam, of 
‘shaft, or as nearly as may be in even sixteenths of an inch. 

J.T, Hawkins’s rule: Width = % diam. of hole; depth of side abutment 
‘in shaft = 1¢ diam. of hole. 3 

., V. S. Huson’s rule: 34-inch key for 1 to 134 in. shafts, 5/16 key for 14 to 
He in. shafts, 34 in. key for 134 to 134 in. shafts, and soon. Taper 3 in. to 
“the foot, Total thickness at large end of splice, 4/5 width of key. 
‘ F . 
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Unwin (Elements of Machine Design) gives: Width = 4d-+ in. Thick 
ness = 14d + 1 in., in which d = diam. of shaft in inches. When wheels or 
pe transmitting only asmall amount of power are keyed on large shafts, 

e says, these dimensions are excessive. In that case, if H.P. = horse- 
power transmitted by the wheel or pulley, NV = revs. per min, P = force 
acting at the circumference, in Ibs., and R = radius of pulley in inches, take 


3/100 H.P. 3/PR 
d= Y C0" 


Prof. Coleman Sellers (Stevens Indicator, April, 1892) gives the following : 
The size of keys, both for shafting and for machine tools, are the propor- 
tions adopted by William Sellers & Co., and rigidly adhered to during a pe- 
riod of nearly forty years. Their practice in making keys and fitting them 
is, that the keys shall always bind tight sidewise, but not top and bottom; 
that is, not necessarily touch either at the bottom of the key-seat in the 
shaft or touch the top of the slot cut in the gear-wheel that is fastened te 
the shaft ; but in practice keys used in this manner depend upon the fit of 
the wheel upon the shaft being a forcing fit, or a fit that is so tight as to re- 
quire screw-pressure to put the wheel in place upon the shaft. 


Size of Keys for Shafting. 
Diameter of Shaft, in. Size te Key, in. 
oe x 


144 17/16 1 11/16 5/' 
115/16 2 3/16...... 5 U/16x 
QU AGN ate oe Oe ee ae a » 9/16 x 
211/16 2 15/16 3 3/16 11/16 x 
315/16 47/16 4 15/16.. 13/16x 9% 
BIG 5 15/16 6 7/16. nana 


7/1 
615/16 77/16 7 15/ 
Length of key-seat for coupling = 144 < nominal diameter of shaft. 


Size of Keys for Machine Tools. 
Diam, of Shaft, in. Sizeof Keys | piam. of Shatt, in, — SiMG 08 EOYs 


15/16 and under........ ¥% Dito VIB. nitrates 13/16 
1 tol 3/16...... Vin aB/48 BG to 6 15/16... .... 15/16 
134) to'l 7/16.sc.csconeine 54 osv£0 ABUIB/1B sxceacts 1 1/16 
134 to WAL /MO ste sk chen 5/16 9 to1U 15/16......... 1 3/16 
184 to2 B/G. ..s..0ec cece 7/16 11 to 12 15/16........ 115/16 
24 to 2 11/16............ 9/16 13 to 14 15/16......... 1 7/1 
284 to 8 15/16...........6 11/16 


John Richards, in an article in Cassier’s Magazine,writes as follows: There 
are two kinds or system of keys, both proper and necessary, but widely dif- 
ferent in nature. 1. The common fastening key, usually made in width one 


fourth of the shaft’s diameter, and the depth five eighths to one third the § 


width. These keys are tapered and fit on all sides, or, as itis commonly de- 
scribed, *‘ bear all over.” They perform the double function in most cases 
of driving or transmitting and fastening the keyed-on member against 
movement endwise on the shaft. Such keys, when properly made, drive 
as a strut, diagonally from corner to corner. 

2. The other kind or class of keys are not tapered ard fit on their sides 
only, a slight clearance being left on the back to insure against wedge action 
or radial strain. These keys’drive by shearing strain. 

For fixed work where there is no sliding movement such keys are com- 
monly made of square section, the sides only being planed, so the depth is 
more than the width by so much as is cut away in finishing or fitting. 

For sliding bearings, as in the case of drilling-machine spindles, the depth | 
should be increased, and in cases where there is heavy strain there should 
be two keys or feathers instead of one. 

The following tables are taken from proportions adopted in practical use. 

Flat keys, as in the first table, are employed for fixed work when the 
parts are to be held not only against torsional strain, but also against move~ 
ment endwise ; and in case of heavy strain the strut principle being the 
strongest and most secure against movement when there is strain each way, 
as in the case of engine cranks and first movers generally. The objections 


. 
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to the system for general use are, straining the work out of truth, the care 
and expense required in fitting, and destroying the evidence of good or bad 
fitting of the keyed Spin When a wheel or other part is fastened with a 
tapering key of this kind there is no means of knowing whether the work is 
well fitted or not. For this reason such keys are not employed by machine- 
tool-makers, anda in the case of accurate work of any kind, indeed, cannot 
Ae peared of the wedging strain, and also the difficulty of inspecting com- 
pleted work. 


I, Dimensions of Fiat Keys, mv Incurs, 


Cee EAC AL EAR ATO) 
rea of keys ..... 
Depth of keys........ 5/s2i8/16| i4|9/a215/16 V/i6| 42|56|11/46|18/16) Z| 1° ' 


Il. Dimensions oF Square Keys, mn INcHEs. 


Diam. of shaft..... 1 14% |1% 1134 |e log (3 are la 
Breadth of keys...| 5/32| 7/32| 6/32! 11/32/13 sal te 32| 17/82 216 11/16 
Depth of keys.....| 3/16) 14 | 5/16) 3¢ | 7/16 9/16 | 56 | 34 


III. Dimensions of Suipinc FEATHER-KEYS, IN INCHES. 


Diam, of shaft....| 134] 144}1 2 24 3 3 4 
Breadth of keys..| s4| 44| 46 sie | 46 | "68 x O16 | 9/16 % 
Depth of keys.... 8 361 7/16 | 7/16 | 16 Bra % A q 


P. Pryibil furnishes the following table of dimensions to the Am. Machin- 
ist. He says: On special heavy work and very short hubs we put in two 
keys in one shaft 90° apart. With special long hubs, where we cannot use 
_keys with noses, the keys should be thicker than the standard. 


Diameter of Shafts, | Width,| Thick- | Diameter of Shafts, Width,| Thick- 


inches. _ | inches. |ness, in. inches. inches, ness, in. 
tol 1/16 3/16 3/16 37/16 to8 11/16 %G 56 
{ % to 1 5/16 5/16 8 15/16 to 4 3/16 1 11/16 


m1 
27/16 tol 11/16 6/16 | 47/6 to4 11/16 i 
1 its to 2 3/16 4Y to 5 14 | 16/16 
27/16 to2 11/16 % 5% tos 16 | 1 
2 15/16 to 3 3/16 A 9/16 © 6% to” 1% | 1% 


i ‘Keys longer than 10 inches, say 14 to 16’, 1/16’ thicker; keys longer than 
Bo inches, say 18 to 20”, 44” thicker; and soon. Special short hubs to have 
wo keys. 
For description of the Woodruff system of eevee see circular of the 
Pratt & Whitney Co.; also Modern Mechanism, page 455. 
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Tests of the Holding-power of Set-screws in Pulleys. 
{G. Lanza, Trans. A. 8. M. E., x. 230.)—These tests were made by using a 
polley fastened to the shaft by two set-screws with the shaft keyed to the 
holders; then the load required at the rim of the pulley to cause it to slip 
‘was determined, and this being multiplied by the number 6.037 (obtained by 
‘adding to the radius of the pulley one-half the diameter of the wire rope, 
and dividing the sum by twice the radius of the shaft, since there were two 
‘Set-screws in action at a time) gives the holding-power of the set-screws. 
‘The set-screws used were of wrought-iron, 5 of an inch in diameter, and ten 
threads to the inch; the shaft used was of steel and rather hard, the set- 
‘Screws making but little impression upon it. They were set up with a 
force of 75 lbs. at the end of a ten-inch monkey-wrench. The set-screws 
used were of four kinds, marked respectively A, B, C,and D, The results 
were as follows: : 


4, 
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A, ends perfectly aa 9/16-in. diameter, 1412 to os Ths.; average 2064. 


B, radius of rounded ends about 44 inch, 2747 “ 30 2912. 
B aa “ “ “ : “ee “ 1902 “ec 8079 “ee “ 2573. 
D, ends cup-shaped and case-hardened, 1962 “* 2958 “* Sr s.2470; 


Remarks.—A. The set-screws were not entirely normal to the shaft ; hence 
they bore less in the earlier trials, before they had become flattened by 
wear. 

B. The ends of these set-screws, after the first two trials, were found to 
be flattened, the flattened area having a diameter of about 14 inch. 

©. The ends were found, after the first two trials, to be flattened, as in B. 

D. The first test held well because the edges were sharp, then the holding- 
power fell off till they had become flattened in a manner similar to B, when 
the holding-power increased again. 

Tests of the Holding-power of Keys. (Lanza.)—The load 
was applied as in the tests of set-screws, the shaft being firmly keyed to the 
holders. The load required at the rim of the pulley to shear the keys was 
determined, and this, multiplied by a suitable constant, determined in a sim- 
ilar way to that used in the case of set-screws, gives us the shearin gstrength 
per square inch of the keys. 

The keys tested were of eight kinds, denoted, respectively, » the letters 
A, B, C, D, BE, F, Gand H, and the results were as follows: A, B, D and RB, 
each 4 tests; E, 8 tests; C, G, and H, each 2 tests. 


A, Norway iron, 2’ X 14’ X 15/32’, 40,184to 47,760 lbs.; average, 42,726. 
B, refined iron, 2” < 14’’ « 15/82”, 86,482 ‘* 39,254; LG 38,059 


B 
C, tool steel, 1/° x 14” x 15/32”, 91,344 & 100,056. 
D, machinery steel, 2’ x 14’ x 15/82/”, 64,630 to 70,186; ae 66,875. 
BE, Norway iron, 134” x 36” « 7/16’, 86,850 ** 37,222; hd 37,036. 
F, cast-iron, 2// x 14”” x 15/82’”, 80,278 ** 36,944; We 33,034. 
G, cast-iron, 1347 x 36’” x 7/16’, 37,222 & 38,700. 
H, cast-iron, 1” x 44” x 7/16’, 29,814 & 38,978. 


In A and B some crushing took place before shearing. In K, the keys be- 
ing only 7/16 in. deep, tipped slightly in the key-way. In H, in the first test, 
there was a defect in the key-way of the pulley. 


DYNAMOMETERS. 


Dynamometers are instruments used for measuring power. They are of 
several classes, as: 1. Traction dynamometers, used for determining the 
power required to pull a car or other vehicle, or a plough or harrow, 
2. Brake or absorption dynamometers, in which the power of a rotating 
shaft or wheel is absorbed or converted into heat by the friction of a brake; 
and, 3. Transmission dynamometers, in which the power in a rotating shaft 
is measured during its transmission through a kelt or other connection to 
another shaft, without being absorbed. 

Traction Dynamometers generally contain two principal parts: 
(1) A spring or series of springs, through which the pull is exerted, the exten- 
sion of the spring measuring the amount of the pulling force, and (2) & paper= 
covered drum, rotated either at a uniform speed by clockwork, or at a speed 
proportional to the speed of the traction, through gearing, on which the ex- 
tension of the spring is registered by a pencil. From the average height of 
the diagram drawn by-the pencil above the zero-line the average pulling 
force in pounds is obtained, and this multiplied by the distance traversed, 
in feet, gives the work done, in foot-pounds. The product divided by the 
time in minutes and by 33,000 gives the horse-power. 

The bdibrag brake is the typical form of absorption dynamometer, 
(Eee. aa 16%, from Flather on Dynamometers and the Measurement of 

ower. 

Primarily this consists of a lever connected tw a revolving shaft or pulley 
$n such a manner that the friction induced between the surfaces in contact 
will tend to rotate the arm in the direction in which the shaft revolves, This 
rotation is counterbalanced by weights P, hung in the scale-pan at the end 
of the lever. In order to measure the power for a given number of revolu- 
tions of pulley, we add weights to the scale-pan and screw up on bolts bb, 
until the friction induced balances the weights and the lever is maintaine 


THE ALDEN ABSORPTION-DYNAMOMETER. 979 


In its horizontal position while the revolutions of shaft per minute remain 
constant. 

For small powers the beam is generally omitted—the friction being mea- 
sured by weighting a band or strap thrown over the pulley. Ropes or cords 
are often used for the same purpose. 

Instead of hanging weights in a scale-pan, as in Fig. 167, the friction may be 
weighed on a platform-scale; in this 
case, the direction of rotation being 
the same, the lever-arm will be on the 
opposite side of the shaft. 

In a modifieation of this brake, the 
brake-wheel is keyed to the shaft, 
and its rim is provided with inner 
flanges which form an annular trough 

_ for the retention of water to keep the 
pulley from heating. A small stream 
of water constantly discharges into 
the trough and revolves with the Fig. 167. 
pulley—tr.; centrifugal force of the ij 
particles oc water overcoming the action of gravity; a waste-pipe with its 
end flattened is so placed in the trough that it acts as a scoop, and removes 
all surplus water. The brake consists of a flexible strap to which are fitted 
blocks of wood forming the rubbing-surface; the ends of the strap are con- 
nected by an adjustable bolt-clamp, by means of which any desired tension 
may be obtained. : 

The horse-power or work of the shaft is determined from the following: 


Let W = work of shaft, equals power absorbed, per minute; 

P= unbalanced pressure or weight in pounds, acting on lever-arm 
at distance L; 

I = length of lever-arm in feet from centre of shaft; 

‘ V = velocity of a point in feet per minute at distance ZL, if arm were 

allowed to rotate at the speed of the shaft; 

V = number of revolutions per minute; 

H.P. = horse-power. 


Then will W = PV = 2eLNP. 
Since H.P. = PV + 83,000,..we have H.P. = 2n LNP + 33,000, 


33 u ; q ne 
IfL= on we obtain H.P. = F000" 83 + 27m is practically 5 ft.$ in., a value 


eften used in practice for the length of arm, ¥ 

If the rubbing-surface be too small, the zeeulsing friction will show great 
frregularity—probably on account of insufficient ubrication—the jaws be- 
meg allowed to seize the pulley, thus producing shocks and sudden vibra- 
tions of the lever-arm. 

Soft woods, such as bass, plane-tree, beech, poplar, or maple are all to be 
referred to the harder woods for brake-blocks. The rubbing-surface should 
well Inbricated with a heavy grease. 

The Alden Absorption-dynamometer. (G. I. Alden, Trans. 
A.S. M. E., vol. xi. 958; also xii, 700'and xiii. 429.)—This dynamometer is a 
friction-brake, which is capable in quite moderate sizes of ebeor bing large 
“hk with unusual steadiness an pt Pa regulation. A smooth cast- 

iron disk is keyed on the rotating shaft. This is enclosed in a cast-iron 
shell, formed of two disks and a ring at their circumference, which is free 
to revolvé on the shaft. To the interior of each of the sides of the shell is 
fitted a copper plate, enclosing between itself and the side a water-tight 
Bpace, Water under pressure from the city pipes is admitted into each of 
these spaces, forcing the copper plate ‘against the central disk. The 
/ehamber enclosing the disk is filled with oil. To the outer shell is fixed a 
weighted arm, which resists the tendency of the shell to rotate with the 
Shaft, caused by the friction of the plates against the central disk. Four 

brakes of this type, 56 in. diam., were used in testing the experimental 
locomotive at Purdue University (Trans. A. 8. M. E., xiii. 429). Each was 

“designed for a maximum moment of 10,500 foot-pounds with a water-press- 
ure of 40 Ibs. per sq. in. 

The area in effective contact with the copper plates on either side is rep- 
resented by an annular surface having its outer radius equal to 28 inches, 
‘and its inner radius equal to 10 inches. The apparent coefficient of friction 
between the plates and the disk was 314%. 


2\ 
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W. W. Beaumont (Proce. Inst. C. B. 1889) has deduced a formula by means 
of which the relative capacity of brakes can be compared, judging from the 
amount of horse-power ascertained by their use. 

If W = width of rubbing-surface on brake-wheel in inches; V = vel. of 
point on circum. of wheel in feet per minute; K = coefficient; then 


K=WV+H.P. 


Capacity of Friction-brakes.—Prof. Flather obtains the values 
of K given in the last column of the subjoined table: 


} Brake- a 
8 ‘3 pulley. 5 x 
a. Ce e 
' 2 we |s é 33 ie Design of Brake. 3 
2 las |sslee| & ic 
6 1m | oles 4 > 
Hild |e a 4 
21 | 150 7 5 | 33” Royal Ag. Soc., compensating..... wee} 785 
19 | 148.5) 7 5 | 33.88’ | McLaren, compensating .........-... 858 
20 | 146 7 5 | 32.19” * water-cooled and comp.....| 802 
40 | 180 |10.5] 5 | 32” Garrett, ce os tas fey) 
83 | 150 {10.5} 5 | 32” “ s =f pRB bik: 
150 | 150 410 Cf ee res Schoenheyder, water-cooled.......... 282 
24 | 142 112 631) B8817:| Bablcet oekteb cme sci seviacices on coe Oe ewe ee 1885 
180 | 100 |24 5 1126.1" |Gately & Kletsch, water-cooled.......| 209 
475 16.2) 24 @ 1191” Webber, water-cooled............-..5-| 84.7 
a an 24 4 | 63” Westinghouse, water-cooled.......... 465 
10g] Boa [18 | 4 | 2734” “ “ Pee Lies 


The above calculations for eleven brakes give values of K varying from 
84.7 to 1385 for actual horse-powers tested, the average being K = 655. 
Instead of assuming an average coefficient, Prof. Flather proposes the 
following: 
Water-cooled brake, non-compensating, K = 400; W = 400 H.P. + 7. 
Water-cooled brake, compensating, K = 750; W = 750 H.P. + V. 
Non-cooling brake, with or without compensating device, K = 900; 
W = 900 H.P. + V. 


Transmission Dynamometers are of various forms, as the 
Batchelder dynamometer, in which the power is transmitted through a 
“train-arm”’ of bevel gearing, with its modifications, as the one described 
by the author in Trans. A. I. M. E., viii. 177, and the one described by 
Samuel Webber in Trans, A. S. M.E., x. 514; belt. dynamometers, as the 
Tatham; the Van Winkle dynamometer, in which the power is transmitted 
from a revolving shaft to another in line with it, the two almost touching, 
through the medium of coiled springs fastened to arms or disks keyed to 
the shafts; the Brackett and the Webb cradle dynamometers, used for 
measuring the power required to run dynamo-electric machines. Descrip- 
tions of the four last named are given in Flather on Dynamometers. 

Much information on various forms of dynamometers will be found in 
Trans. A. S. M. E., vol. vii. to xv., inclusive, indexed under Dynamometers. 
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ICE-MAKING OR REFRIGERATING MACHINES, 


Beferences,—An elaborate discussion of the thermodynamic theory of 
the action of the various fluids used in the production of cold was published by 
M. Ledoux in the Annales des Mines, and translated in Van Nostrand’s Magu- 
zine in 1879. This work, revised and additions made in the light of recent ex- 

_ perience by Professors Denton, Jacobus, and Riesenberger, was neprinted in 
1892. (Van Nostrand’s Science Series, No. 46.) The work is largely mathe- 
matical, but it also contains much information of immediate practical value, 
from which some of the matter given below is taken. Other references are 
Wood’s Thermodynamics, Chap. V., and numerous pee by Professors 
Wood, Denton, Jacobus, and Linde in Trans. A. S. M. E., vols. x. to xiv.; 
Johnson’s Cyclopzedia, article on Refrigerating-machines; also Hng’g, June 
18, July 2 and 9, 1886; April 1, 1887; June 15, 1888; July 31, Aug. 28,1 9; Sept. 
11 and Dec. 4, 1891; May 6 and July 8, 1892. For roperties of Ammonia and 
Sulphur Dioxide, see papers by Professors Wood and Jacobus, Trans. A. S. 
‘M. E., vols. x. and xii. 

For illustrated articles describing refrigerating-machines, see 4m. Mach. 
May 29 and June 26, 1890, and Mfrs. Record, Oct. 7, 1892; also catalogues of 
builders, as Frick & Co., PR Heeb Oro, Pa.; De La Vergne Refrigerating-ma- 

' chine Co., New York; and others, a 

Operations ofa Reftrigerating-machine.—Apparatus designed 
for refrigerating is based upon the following series of operations: 

Compress a gas or vapor by means of some external orce, then relieve it 
of its heat so as to diminish its volume; next, cause this compressed gas or 
yapor to expand so as to produce mechanical work, and thus lower its tem- 

perature. The absorption of heat at this stage by the gas, in resuming its 
original condition, constitutes the refrigerating effect of the apparatus. 

A pebripexatine machin is a heat-engine reversed. 

From this similarity between heat-motors and freezin g-machines it results 

_ that all the equations deduced from the mechanical theory of heat to deter- . 
mine the performance of the first, apply equally to the second, 

ibe efficiency depends upon the difference between the extremes of tem- 
perature. 

The useful effect of a refrigerating-machine depends upon the ratio 
‘between the heat-units eliminated and the work expended in compressing 
and expanding. 

This result is independent of the nature of the body employed. 

Unlike the heat-motors, the freezing-machine possesses the greatest effi- 
ciency when the range of temperature is small, and when the final tempera- 

ture is elevated. 

if the temperatures are the same, there is no theoretical advantage in em- 

ploying a gas rather than a vapor in order to produce cold, 
__ The choice of the intermediate body would be determined by practical 
considerations based on the physical characteristics of the body, such as the 
greater or less facility for manipulating it, the extreme pressures required 
for the best effects, etc. 

Air offers the double advantage that it is everywhere obtainable, and that 
we can vary at will the higher pressures, independent of the temperature of 
the refrigerant. But to produce a given useful effect the apparatus must 
be of larger dimensions than that required by liquefiable vapors. 

The maximum pressure is determined by the temperature of the con- 
denser and the nature of the volatile liquid; this pressure is often very high. 

__ When a change of volume of a saturated aed is made under constant 
Seana the temperature remains constant. The addition or subtraction of 

eat, which produces the change of volume, is represented by an increase or 

@ diminution of the quantity of liquid mixed with the vapor. 
_ On the other hand, when vapors, even if saturated, are no longer in cun- 
tact with their liquids, and receive an addition of heat either through com- 
“pression wh @ mechanical force, or from some external source of heat, they 
comport themselves nearly in the same Way as permanent gases, and be- 
tome superheated. 

Tt resu ts from this property, that refrigerating-machines using a liquefi- 
able gas will afford results differing according to the method of working, 
ss te 
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and depending upon the state of the gas, whether it remains constantly sat 
urated, or is superheated during a part of the cycle of working. 

The temperature of the condenser is determined by local conditions, The 
interior will exceed by 9° to 18° the temperature of the water furnished to 
the exterior. This latter will vary from about 52° F., the temperature of 
water from considerable depth below the surface, to about 95° F., the tem- 
perature of surface-water in hot climates. The volatile liquid employed in 
the machine ought not at this temperature to have a tension above that 
which can be readily managed by the apparatus. 

On the other hand, if the tension of the gas at the minimum temperature 
is too low, it becomes necessary to give to the compression-cylinder large 
dimensions, in order that the weight of vapor compressed by a single stroke 
of the piston shall be sufficient to produce a notably useful effect. 

These two conditions, to which may be added others, such as those de- 
pending upon the greater or less facility of obtaining the liquid, upon the 
dangers, incurred in its use, either from its inflammability or unhealthful- 
ness, and finally upon its action upon the metals, limit the choice to a small 
number of substances. 

The gases or vapors generally available are: sulphuric ether, sulphurous 
oxide, ammonia, methylic ether, and carbonic acid. 

The following table, derived from Regnault, shows the tensions of the 
be) at of these substances at different temperatures between — 22° and + 

o 


Pressures and ae ree of Liquids available for 


Use in Refrigerating-machines, 
Gone, pf Tension of Vapor, in lbs. per sq, in., above Zero. 
Sul- re ar ba 
eg. ) Sulphur .. |Methylic| Carbonic} Pictet 
Fahr. phuric | Dioxide. |A™™onla. |" Ether. | Acid. | Fluid. 
— 40 
— 3l 
-— 13 A - 3.85 
-— 4 1.30 9.27 27.04 17.06 292.9 13.5 
5 1.70 11.76 33.67 20.84 340.1 16.2 
14 2.19 14.75 41.58 25.27 393.4 19.3 
23 2.79 18.31 50.91 80.41 453.4 22.9) 
82 3.55 22.53 61.85 36.34 520.4 26.9 
41 4.45 27.48 74.55 43.13 594.8 31,2 
50 5.54 33.26 89.21 50.84 676.9 36.2 
59 6.84 89.93 105.99 59 56 766.9 41.7 
68 8,38 47.62. 125.08 69.35 864.9 48.1 
vis 10.19 56.39 146.64 80. 971.1 55.6 
86 12.31 66.37 170.83 64.2 
95 14.76 77.64 197.83 73.2 
104 17.59 90.32 227.76 82.9 


The table shows that the use of ether does not readily lead to the produc: 
tion of low temperatures, because its pressure becomes then very feeble. 

cea on the contrary, is well adapted to the production of low tem- 
peratures, 

Methylic ether yields low temperatures without attaining too great pres- 
sures at the temperature of the condenser, Sulphur dioxide readily affords 
temperatures of — 14 to — 5, while its pressure is only 3 to 4 atmospheres 
at the ordinary temperature of the condenser. These latter substances then 
lend themselves conveniently for the production of cold by means of 
mechanical force. 

The “ Pictet fluid” is a mixture of 97% sulphur dioxide and 3% carbonic 
acid. At atmospheric pressure it affords a temperature 14° lower than 
sulphur dioxide. 

_ Carbonic acid is as yet (1895) in use but to a limited extent, but the rela- 
tively greater compactness of compressor that it requires, and its inoffensive 
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, character, are leading to its recommendation for service on shipboard, where 
economy of space is important. 

Certain ammonia plants are operated with a surplus of liquid present dur- 
ing compression, so that superheating is prevented, This practice is known 
as the “cold system” of compression. 

Nothing definite is known regarding the application of methylic ether or 
of the petroleum prognce chymogene in practical refrigerating service. The 
inflammability of the latter and the cumbrousness of the compressor 
required are objections to its use. 

°*ice-melting Effect.?°—It is agreed that the term “ice-melting 
effect’? means the cold produced in an insulated bath of brine, on the as- 

» sumption that each 142.2 B.T.U.* pebrerenie one pound of ice, this being the 

Jatent heat of fusion of ice, or the 

32° to water at the same temperature, 

The performance of a machine, expressed in pounds or tons of “ ice-melt- 
ing capacity,” does not mean that the refrigerating-machine would make 
the same amount of actual ice, but that the cold produced is equivalent to 
the effect of the melting of ice at 32° to water of the same temperature. 

In making artificial ice the water frozen is generally about 70° F. when sub- 
mitted to the refrigerating effect of a machine; second, the ice is chilled from 
12° to 20° below its freezing-point; third, there is a dissipation of cold, from 

- the exposure of the brine tank and the manipulation of the ice-cans: there- 
fore the weight of actual ice made, multiplied by its latent heat of fusion, 

142.2 thermal units, represents only about three fourths of the cold produced 

in the brine by the refrigerating fluid per I.H.P. of the engine driving the 

compressing-pumps. Again, there is considerable fuel consumed to operate 
the brine-circulating pump, the condensing-water and feed-pumps, and to 
reboil, or purify, the condensed steam from which the ice is frozen. This 
fuel, together with that wasted in leakage and drip water, amounts to about 
one half that required to drive the main steam-engine, Hence the pounds 

_ of actual ice manufactured from distilled water is just about half the equiy- 

alent of the refrigerating effect produced in the brine per indicated horse- 
power of the steam-cylinders. 

When ice is made directly from natural water by means of the “plate 

_ system,” about half of the fuel, used with distilled water, is saved by avoid- 
ing the reboiling, and using steam expansively in a compound engine. 

Ether-machines, used in India, are said to have produced about 6 

_ Ibs. of actual ice per pound of fuel consumed. 

The ether machine is obsolete, because the density of the vapor .of ether, 

at the necessary working-pressure, requires that the compressing-cylinder 
shall be about 6 times larger than for sulphur dioxide, and 17 times larger 
than for ammonia. } 

Air-machimes require about 1.2 times greater capacity of compress- 
ing cylinder, and are, as a whole, more cumbersome than ether mac ines, 
but they remain in use on Goad ily Gare In using air the expansion must take 
place in a cylinder doing work, instead of through a simple expansion-cock 
which is used with vapor machines, The work done in the expansion-cylin- 
der is utilized in assisting the compressor. 

/ Ammonia Compression-machines,—'‘Cold” vs. ‘Dry ” Systems 

of Compression.—iIn the **cold”’ system or * humid” system some of the 
tusmonia entering the compression-cylinder is liquid, so that the heat de- 

_ veloped in the cylinder is absorbed by the liquid and the temperature of the 
ammonia thereby confined to the boiling-point due to the condenser-pres- 
sure. No jacket is therefore required about the cylinder. 

In the “dry”? or ‘‘ hot” system all ammonia entering the compressor is 

' gaseous, and the temperature becomes by compression several hundred de- 
grees greater than the boiling-point due to the condenser-pressure. A water- 
Becket is therefore necessary to permit the cylinder to be properly lubri- 
eated, 

Relative Performance of Ammonia Compression= and 
Absorption-machines, aeeunting no Water to be En-= 
trained with the Ammonia-gas in the Condenser, (Denton 
and Jacobus, Trans. A. §. M. E., xiii.)—It is assumed in the calculation for 
both machines that 11b, of coal imparts 10,000 B.T.U. to the boiler, The 


ee ene 
*The latent heat of fusion of ice is 144 thermal units (Phil. Mag., 1871, 


. Brissy but it is customary to use 142. (Prof. Wood, Trans, A. 8, M, E 
gi. 834, 


“) 
4 


eat required to melt a pound of ice at’ 
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condensed steam from the generator of the absorption-machine is assumed ; 
to be returned to the boiler at the temperature of the steam entering the 
generator, The engine of the compression-machine is assumed to exhaust 
through a feed-water heater that heats the feed-water to 212° F. The en, ine 
is assumed to consume 2614 Ibs. of water per hour per horse-power. The 
figures for the compression- machine include the effect of friction, which is 
taken at 15% of the net work of compression, 


Refrigerat- Pounds of Ice-melting Effect O53 

Condenser. | “ing Goils. ‘ per lb. of Coal, is a 
8 5 2 | Compress. Absorption- gc 
a & ® | Machine, machine.* S aa 
roy 2 5 3 bo ra = aay anO wes os 
i= | 43/5 | 318 | 8a loass |Basoe | “22 
Bls |& |g | g|¢ j|ggee |\Baaeos| Sa 
Bia) ars Te es 9 |S .jeh ees0 |*aRse8 Se 
o | 2 o |3 BE | Sa | C4 fossa BOO, 8) gas 
oD DQ o Q . . se, [) 2 a 
sil aS | 3 S lam | ab (S925 |\S°RSRE) SEE 
Pie | 218 1 3 led} ae Ho wg Paegeby| 228 

Mo) bo} th x ietoey a5 
ele.|ale.| 3 /28| 28 Sega Sasere| Be 
A132) 4/83] 6 [abl a8 Bsseeieee see] ake 
a |o5] & [Sa] & | we | we BSS eSlesoese) 22° 
H#(2e| & | 2e| 8 (ga | a8 [seoas| sesns| sas 

oH |< BH |< BH |p Pp ia 4 a) 
—— |—_—_-- oa ————SSaaas| —-—.' 

61.2) 110.6) 5 | 83.7 | 61.2] 38.1 | 71.4 88.1 33.5 969 
59.0] 106.0 5 | 33.7 |. 59.0) 89.8 | 74.6 88.3 33.9 967 
59.0) 106.0 5 | 33.7 | 130.0) 89.8 | 74.6 39.8 85.1 931 
59.0 .0| —22 | 16.9 | 59.0) 28.4 | 43.9 36.3 81.5 1000 
86.0] 170.8 5 | 33.7 | 86.0] 25.0 | 46.9 35.4 28.6 988 
86.0} 170.8 5 | 33.7 | 130.0) 25.0 | 46.9 36.2 29.2 966 
86.0] 170.8] —22 | 16.9 | 86.0) 16.5 } 30.8 33.3 26.5 1025 
86.0} 170.8] —22 | 16.9 | 180.0} 16.5 | 30.8 84.1 27.0 1002 
104.0} 227.7 5 | 33.7 | 104.0] 19.6 | 36.8 83.4 25.1 1002 
104.0] 227.7! —22 | 16.9 | 104.0] 18.5 | 25.3 81.4 23.4 1041 


The Ammonia Absorption-machime comprises a generator 
which contains a concentrated solution of ammonia in water; this gener- 
ator is heated either directly by a fire, or indirectly by pipes leading from a 
steam-boiler. The condenser communicates with the upper part of the gen- 
erator by a tube; it is cooled externally by a current of cold water. The 
cooler or brine-tank is so constructed as to utilize the cold produced; the up- 
per part of it is in communication with the lower part of the condenser. 

‘An absorption-chamber is filled with a weak solution of ammonia; a tube 
puts this chamber in communication with the cooling-tank. 

The cal ens ace! communicates with the boiler by two tubes: one 
leads from the bottom of the generator to the top of the chamber, the other 
leads from the bottom of the chamber to the top of the generator. Upon 
the latter is mounted a pump, to force the liquid from the absorption-cham- 
ber, where the pro ismaintained at about one atmosphere, into the gen- 
erator, where the pressure is from 8 to 12 atmospheres. 

To work the apparatus the ammonia solution in the generator is first 
heated. This releases the gas from the solution, and the pressure rises, 
When it reaches the tension of the saturated gas at the temperature of the 
condenser there is a liquefaction of the gas, and also of a small amount of 
steam. By means of a cock the flow of the liquefied gas into the refrigerat- 
ing-coils contained in the cooler is regulated. It is here vaporized by ab- 
sorbing the heat from the substance placed there to be cooled. As fast as it 
is vaporized it is absorbed by the weak solution in the absorbing-chamber, 

Under the influence of the heat in the boiler the solution is unequally sat- 
urated, the stronger solution being. uppermost, 

The weaker portion is conveyed by the pipe entering the top of the absorb- 
ing-chamber, the flow being regulated by a cock, while the pump sends an 
equal quantity of strong solution from the chamber back to the boiler. 


* 5% of water entrained in the ammonia will lower the economy of the ab 
sorption-machine about 15% to 20% below the figures given in the table, ; 
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The working of the apparatus Fopenos upon the adjustment and regula- 
tion of the flow of the gas and liquid; MM these means the pressure is varied, 
and consequently the temperature in the cooler may be controlled. 

The working is similar to that of compression-machines, The absorption- 
chamber fills the office of aspirator, and the generator plays the part of 
compressor. 

The mechanical force producing exhaustion is here replaced by the affinity 
of water for ammonia gas; and the mechanical force required for compres- 
als is replaced by the heat which severs this affinity and sets the gas at 

iberty. 

(For discussion of the efficiency of the absorption system, see Ledoux’s 
work; paper by Prof, Linde, and discussion on the same by Prof. Jacobus, 
Trans, A. S. M. E., xiv. 1416, 1486; and papers by Denton and Jacobus, 
Trans. A. S. M. E. x. 792; xiii. 507. 

Sulphur-Dioxide Machines.—Results of theoretical calculations 
are given in a table by Ledoux showing an ice-melting capacity per 
hour per horse-power ranging from 134 to 68 Ibs., and per pound of coal 
ranging from 44.7 to 21.1 Ibs., as the temperature correspending to the 

' pressure of the vapor in the condenser rises from 59° to 104° F. The theo- 
retical results do not represent the actual. - It is necessary to take into ac- 
count the loss occasioned by the pipes, the waste spaces in the cylinder, loss 
of time in opening of the valves, the leakage around the piston and valves, 

the reheating by the external air, and finally, when the ice is being made, 
the quantity of the ice melted in removing the blocks from their moulds. 
Manufacturers estimate that practically the sulphur-dioxide ppearatNe using 
water at 55° or 60° F. produces 56 lbs. of ice, or about 10,000 heat-units, per 
hour per horse-power, measured on the driving-shaft, which is about 55% of 
the theoretical useful effect. In the commercial manufacture of ice about 
7 lbs. are produced per pound of coal. This includes the fuel used for re- 
_ boiling the water, which, together with that wasted by the pumps and lost 
by radiation, amounts to a considerable portion of that use by the engine. 

Prof. Denton says concerning Ledoux’s theoretical results: The figures 
given are higher than those obtained in practice, because the effect of 
superheating of the gas during admission to the cylinder is not considered. 
This superheating may cause an increase of work Of about 25%. There are 
other losses due to superheating the gas at the brine-tank, and in the pipe 
leading from the brine-tank to the compressor, so that in actual practice a 
sulphur-dioxide machine, working under the conditions of an absolute 

_ pressure in the condenser of 56 lbs. Ber sq. in. and the corresponding tem- 
perature of 77° F., will give about 22 Ibs. of ice-melting capacity Ma pound 
of coal, which is about 60% of the theoretical amount neglecting friction, or 

' 70% including friction. The following tests, selected from those made by 
Prof. Schréter on a Pictet ice-machine having a compression-cylinder 11.3 
in. bore and 24.4 in, stroke, show the relation between the theoretical and 
actual ice-melting capacity. 


te hr. ‘ F 
i Satara er he 3 Ice-melting capacity per pound of coal, 


pressure of vapor. assuming 3 Ibs. per hour per H.P. 
' 


sa vf Per cent loss due to 
_ Test, Theoretical cylinder super- 
Condenser.| Suction. friction | Actual. | heating, or differ- 
included.* ence between 
cols. 4 and 5, 
11 W783 28.5; 41.3 33.1 19.9 
12 16.2 14.4 81.2 24,1 22.8 i 
13 15.2 —2.5 23.0 17.5 23.9 a 
14 80.6 —15.9 16.6 10.1 39.2 


__ The Refrigerating Coils of a Pictet ice-machine described by 
Ledoux had 79 sq. ft. of surface for each 100,000 theoretic negative heat-units 
ee per hour, The temperature corresponding to the pressure of the 

ioxide in the coils is 10.4° F., and that of the bath (calcium chloride solu- 
tion) in which they were immersed is 19.4°, 
$$ eeeeeeSSSSSSSSSSSSSSSSSSSsSsesssssssSSSssshesesee 
_.* Friction taken at figure observed in the test, which ranged from 238% to 
26% of the work of the steam-cylinder, ‘ : 


1? : . 
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The following is a comparison of the theoretical ice-melting capacity of an 
ammonia compression machine with that obtained in some of Prof. 
Schréter’s tests on a Linde machine having a compression-cylinder 9.9-in. 
bore and 16.5 in. stroke, and also in tests by Prof. Denton on a machine 
having two single-acting compression cylinders 12 in. x 30 in.: 


Temp. in Degrees F. Ice-melting Capacity per lb. of Coal, 


Corresponding to assuming 8 lbs per hour per 
No Pressure of Vapor. Horse-power. 
of Per Cent 
Test. Theoretical, 
Condenser.| Suction. | Friction* in- | Actual. <3 Cignoe to 
cluded. Superheating. 
$1 72.8 26.6 50.4 40.6 19.4 
2) 2 70.5 14.3 87.6 30.0 20.2 
4.3 69.2 0.5 29.4 22.0 25.2 
al4 68.5 -11.8 22.8 16.1 29.4 
8 (24 84.2 15.0 27.4 24.2 11.7 
#426 82.7 — 3.2 21.6 17.5 19.0 
& (2 84.6 ~—10.8 18.8 14.5 22.9 


Refriverating Machines using Vapor of Water. (Ledoux.) 
—In these machines, sometimes called vacuum machines, water, at ordi- 
nary temperatures, is injected into, or placed in connection with, a chambeg 
in which a strong vacuum is maintained, A portion of the water vaporizes, 
the heat to cause the vaporization being supplied from the water not vapor- 
ized, so that the latter is chilled or frozen to ice. If brine is used instead of 
pure water, its temperature may be reduced below the freezing-point of 
water. The water vapor is compressed from, say, a pressure of one tenth 
of a pound per square inch to one and one half pounds, and discharged into 
acondenser. It is then condensed and removed by means of an ordinary | 
air-pump. The principle of action of such a machine is the same as thai of 
volatile-vapor machines, 

A theoretical calculation for ice-making, assuming a lower temperature 
of 32° F., a pressure in the condenser of 144 Ibs. per square inch, ard a coal 
consumption of 3 lbs. per I.H.P. per hour, gives an ice-melting effect of 34.5 
Ibs. per pound of coal, neglecting friction, Ammonia for ice-making condi- 
tions gives 40.9 lbs. The volume of the compressing cylinder is about 150 
times the theoretical volume for an ammonia machine for these conditions. 

Relative Efficiency of a Refrigerating Machine.—The effi- 
eiency of a refrigerating machine is sometimes expressed as the quotient of 
the quantity of heat received by the ammonia from the brine, that is, the 
quantity of useful work done, divided by the heat equivalent of the mechan- 

,ical work done inthe compressor. Thus in column] of the table of perform- 
auce of the 75-ton machine (page 998) the heat given by the brine to the 
‘ammonia per minute is 14,776 B.T.U. The horse-power of the ammonia cylin- 
der is 65.7, and its heat equivalent = 65.7 x 33,000+ 778 = 2786 B.T.U. Then 
14.776 + 2786 = 5.304, efficiency. The apparent paradox that the efficiency 
is greater than unity, which isimposslble in any machine, is thus explained. 
The working fluid, as ammonia, receives heat from the brine and rejects 
heat into the condenser. (If the compressor is jacketed, a portion is rejected 
into the jacket-water.) The heat rejected into the condenser is greater than 
that received from the brine; the difference (plus or minus a small difference 
radiated to or from the peg Ud) is heat received by the ammonia from 
the compressor. The work to be done by the compressor is not the mechan- 
ical equivalent of the refrigeration of the brine, but only that necessary to 
supply the difference between the heat rejected by the ammonia into the con- 
denser and that received from the brine. If cooling water colder than the 
brine were available, the brine might transfer its heat directly into the cool- 
ing water, and there would be no need of ammonia or of a compressor; but 


* Friction taken at figures observed in the tests, which range from 14% to . 
20% of the work of the steam-cylinder. ie 
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since such cold water is not available, the brine rejects its heat into the 
colder ammonia, and then the compressor is required to heat the ammonia 
to such a temperature that it may reject heat into the cooling water. 

The efficiency of a refrigerating plant referred to the amount of fuel 
consumed is 


of brine or other 


x specific heat X range (circulating fluid. 


of temperature 
142.2 X pounds of fuel used per hour. 


{ Pounds circulated per hour t 


Ice-melting capacity \ 2 
per pound of fuel. 


The ice-melting capacity is expressed as follows: 
' 


X specific heat bor brine circulated per hour, 


" < pounds 

Tons (of 2000 lbs. 

ice-melting aay f Bs X range of temp. 
pacity per 24 hours 142.2 X 2000 


_ . The analogy between a heat-engine and a refrigerating-machine is as fol- 
lows: A steam-engine receives heat from the boiler, converts a part of it 
into mechanical work in the cylinder, and throws away the difference into 

* the condenser. The ammonia in a compression refrigerating-machine re- 
ceives heat from the brine-tank or cold-room, receives an additional amount 
of heat from the mechanical work done in the compression-cylinder, and 
throws away the sum intothe condenser. The efficiency of the steam-engine 
= work done + heat received from boiler. The efficiency of the refrigerat- 
ing-machine = heat received from the brine-tank or cold-room ~ heat re- 
quired to produce the work in the compression-cylinder. In the ammonia 


Cold Water 

| x 2° Brine Outlet ” 

— 
Cold Room 
— 
2 x 

| | BS "Heat received 14° “Thiet 

‘Warm Water from compression, . Heat received 

Heat rejected from brine 


_ DIAGRAM OF AMMONIA COMPRESSION MACHINE. 


— 
| 80° Force Pump 


DIAGRAM OF AMMONIA ABSORPTION MACHINE. 


absorption-apparatus, the ammonia receives heat from the brine-tank and 
additional heat from the boiler or generator, and rejects the sum into the 
condenser and into the cooling water el org to the absorber. The effi- 
ciency = heat received from the brine ~- heat received from the boiler. 


990 _ICE-MAKING OR REFRIGERATING MACHINES. 
- 


~ ‘"PEST-TRIALS OF REFRIGERATING-MACHINES. 
(G. Linde, Trans. A. S. M. E., xiv. 1414.) 


The purpose of the test is to determine the ratio of consumption and pre. 
duction, so that there will have to be measured both the refrigerative effect 
and the heat (or mechanical work) consumed, also the cooling water. The 
refrigerative effect is the product of the number of heat-units (Q) abstracted 


from the body to be cooled, and the quotient To ra Z. in which Te = abso- 


lute temperature at which heat is transmitted to the cooling water, and T= 
absolute temperature at which heat is taken from the body to be cooled. 

The determination of the quantity of cold will be possible with the proper 
exactness only when the machine is employed during the test to refrigerate 
a liquid; and if the cold be found from the quantity of liquid circulated per 
unit of time, from its range of refrigeration, and from its specific heat. 
Sufficient exactness cannot be obtained by the refrigeration of a current of 
circulating air, nor from the manufacture of a certain quantity of ice, nor 
Irom a calculation of the fluid circulating within the machine (for instance, 
the quantity of ammonia circulated by the compressor). Thus the refrig- 
eration of brine will generally form the basis for tests making any pretension 
to accuracy. The degree of refrigeration shou'd not be greater than neces- 
sary for allowing the range of temperature to be measured with the neces- 
sary exactness; a range of temperature of from 5° to 0° Fahr. will suffice. 

The condenser measurements for cooling water and its temperatures will 
be possile with sufficient accuracy only with submerged condensers. 

The measurement of the quantity of brine circulated, and of the cooling 
water, is usually effected by water-meters inserted into the conduits. If the 
necessary precautions are observed, this. method is admissible. For quite 
precise tests, however, the use of two accurately gauged tanks must be ad 
vised, which are alternately filled and emptied. 

To measure the temperatures of brine and cooling water at the entrance 
and exit of refrigerator and condenser respectively, the employment of 
specially constructed and frequently standardized thermometers is indis- 
pensable; no less important is the precaution of using at each spot simul- 
taneously two thermometers, and of changing the position of one such 
thermometer series from inlet to outlet (and vice versa) after the expiration 
of one half of the test, in order that possible errors may be compensated. 

It is important to determine the specific heat of the brine used in each 
instance for its corresponding temperature range, as small differences in the 
composition and the concentration may cause considerable variations. 

As regards the measurement of consumption, the programme will not have 
any special rules in cases where only the measurement of steam and cooling 
water is undertaken, as will be mainly the case for trials of absorption-ma- 
chines. For compression-machines the steam consumption depends both 
on the quality of the steam-engine and on that of the refrigerating-machine, 
while it is evidently desirable to know the consumption of the former sep~ 
arately from that of the latter. Asa rule steam-engine and compressor are 
coupled directly together, thus rendering a direct measurement of the power 
absorbed by the refrigerating-machine impossible, and it will have to sufiice 
to ascertain the indicated work both of steam-engine and compressor. By 
further measuring the work for the engine running empty, and by compar- 
ing the differences in power between steam-engine and compressor resulting 
for wide variations of condenser-pressures, the effective consumption of 
work Le for the refrigerating-machine can be found very closely. In gen- 
eral, it will suffice to use the indicated work found in the steam-cylinder, 
especially as from this observation the expenditure of heat can be directly 
determined. Ordinarily the use of the indicated work in the compressor- 
cylinder, for purposes of comparison, should be avoided; firstly, because 
there are usually certain accessory apparatus to be driven (agitators, etc.), 
belonging to the refrigerating-machine proper; and secondly, because the 
external friction would be excluded. 

Heat Balance.—We possess an important aid for checking the cor- 
rectness of the results found in each trial by forming the balance in each 
case for the heat received and rejected. Only such tests should be re- 
garded as correct beyond doubt which show a sufficient conformity in the 
heat balance. It is true that in certain instances it may not be easy to 
account fully for the transmission of heat between the several parts of the 
machine and its environment by radiation and convection, but generaily 
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(particularly for compression-machines) it will be possible to obtain for the 
heat received and rejected a balance exhibiting small discrepancies only. 

Report of Test.—Reports intended to be used for comparison with 
the figures found for other machines will therefore have toembrace at least 
the following observations : 


Refrigerator: 
uantity of brine circulated per Hour.......6..seecceee ceccssoessercces 
Brine temperature at inlet to refrigerator....... 
Brine temperature at outlet of refrigerator 
Specific pravity, of brine (at 64° Fahr.). .... 
Specific heat of brine............ a 
Heat abstracted (cold produced). . 
Absolute pressure in the refrigerai 


Condenser : 
uantity of cooling water per Hour ......ssceccccesceccese coecessesere 
emperature at inlet to condenser......... 

Temperature at outlet of condenser..........-. 
Heat abstracted ........ 2.0.22. annie Bi nle|o' winiaipinia's x d's sini die a wee 
Absolute pressure in the condenser....... Riantamee 
Temperature of gases entering the condenser. . 


Serer eees coer coneee 


ABSORPTION-MACHINE, 
Still : 
Steam consumed per hour...... 
Abs. pressure of heating steam. 
Temperature of condensed 
steam at outlet.... ......-.. 
Heat imparted to still..... --Qe 
_ Absorber ; 
Quantity of cooling water per 
DOU: 5-52 se hapa eanvaterete 
Temperature at inlet .......... 
Temperature at outlet....... 
Heat removed.............. + 
Pump for Ammonia Liquor: 
Indicated work of steam-engine 
Steam-consumption for pumip.. 
Thermal equivalent for work of 


COMPRESSION-MACHINE. 


Compressor : 


Indicated work.......-.+ -«95 
Temperature of gases at inlet.. 
Temperature of gases at exit.. 


Steam-engine : 


Feed-water per hour..... <baaiee 
Temperature of feed-water.... 


Condensing water per hour.... 
Temperature of da.....-...-- ras 
Total sum of losses by radiation 

and convection... ...... + Qs 


Heat Balance: 


Qe + Alc = Qi + Qs 


pum ALp 
Total sum of losses by radiation 
and convection.......... + Qs 
Heat Balance: 
Qe + Qe = Qi + QO + Qs. 
For the calculation of efficiency and for comparison of various tests, the 
actual efficiencies must be compared with the theoretical maximum of effi- 


ciency AL) ™ = ap corresponding to the temperature range. 


Temperature Range. — As temperatures (7 and. Zc) at which the 
_ heat is abstracted in the refrigerator and imparted to the condenser, it is cor: 
rect to select the temperature of the brine leaving the refrigerator and that 
of the cooling water leaving the condenser, because it is in principle impos. 

sible to keep the refrigerator pressure higher than would correspond to the, 
lowest brine temperature, or to reduce the condenser pressure below that 
' corresponding to the outlet temperature of the cooling water. 

_ Prof. Linde shows that the maximum theoretical efficiency of a com- 
_ pression-machine may be expressed by the formula 

3 Cee ne 

: AL Tc — T’ 
n benatins of heat abstracted (cold produced); 
thermal equivalent of the mechanical work expended; 

I, = the mechanical work, and A = 1 + 778; 

T = absolute temperature of heat abstraction (refrigerator); 
To= ze = “rejection (condenser). 


If u = ratio between the heat equivalent of the mechanical work AL, and 
the quantity of heat Q’ which must be imparted to the motor to produce 
the work ZL, then 


B 
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— =u, and 


Q 


uT 


Q _ T-T 


It follows that the expenditure of heat Q’ necessary for the production of 
the quantity of cold Q in a compression-machine will be the smaller, the 
smaller the difference of temperature Te — T. 

Metering the Ammonia.—For a complete test of an ammonia re- 


frigerating-machine it is advisable to measure the 


uantity of ammonia cir- 


culated, as was done in the test of the 75-ton machine described by Prof. 
(Trans. A. 8. M. E., xii. 326.) : 


PROPERTIES ae SULPHUR DIOXIDE AND 


Denton. 


MMONITIA GAS. 


Ledoux’s Table for Saturated Sulphur-dioxide Gas, 
Heat-units expressed in B.T.U. per pound of sulphur dioxide. 


a a 

og De 
ssn |aes3 
So. (Om ar 
ga%nisart 

Bos (258 

is <q 

Deg. F.| Lbs 

—22 5.56 

—13 7.23 

—4 9.27 

5 11.76 

14 14.74 

23 18.31 

32 22.58 

41 27.48 

50 33.25 

59 89.93 

68 47.61 

V7 56.39 

86 66.36 

95 | 77.64 

104 90.31 


x 


At temperature Cc 


Total Heat 


reckoned 
from 382° F. 


uid 


Heat of Lig 
from 32° F, 


Exter- 


Evaporatio 
7 6 
lent of 
na] Work. 
APu 


reckoned 
qg 
Latent Heat of 
n 
Heat Equiva- 


B.T.U.|B.1.U. |B.1.U.|B.7.U.| Cu. ft. | Le 


—19.56 | 176.99 | 13.59 
—16.30 | 174,95 | 138.83 
—13.05 | 172.89 | 14.05 
— 9.79 | 170.82 | 14.26 
— 6.53 | 168.73 | 14.46 
8.27 | 166.63 | . 14.66 
0.00 | 164.51 | 14.84 
8.27 | 162.88 | 15.01 
6.55 | 160.28 | 15.17 
9.83 | 158.07 | 15.32 
13.11 | 155.89} 15.46 
16.39 | 153.70 | 15.59 
19.69 | 151.49} 15.71 
22.98 | 149.26 | 15.82 
26.28 | 147.02 | 15.91 


—5 0 


These may be expressed very nearly by 


§ = 0.6364 — 0.0014¢° Centigrade; 
&§ = 0.6502 — 0.0007777° Fahr. 


Latent Heat of Evarz oration 


A.S.M. E,, x. 641.) 


he = 555.5 — 0.6137" 


23 32 41 
.6429 .6364 = .6298 


Se 
emer 
4g Coad 
= SS) 
aia 2 Aes 
FS |33 wh 

S 
2s Sp8 
4 a 


163.89 | 13.17 
161.12 | 10.27 
158.84 12 


a 
~ 
2 
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2 
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5 10 


Ledoux found he = 583.33 — 0.54997’ — 0.000117377. 
For experimental values at different temperatures determined by Prof. 


Denton, see Trans, A. 
vol. x. 646 


S. M. E., xii, 356, 


por or Weight 
1--v 


u 
Density of Va- 
of 1 cu. ft. 


repay of Liquid Ammonia. (D’Andreff, Trans. A. S. M. E., 


15 20 


50 59 68 
+6230 6160 .6089 


of Ammonia. (Wood, Trans, 


— 0,0002197? (in B.T.U., Fahr. deg.); 


For calculated values, see 


Density of Ammonia Gas.—Theoretical, 0.5894; experimental, 
0.596. Regnault (Trans. A. S. M. E., x. 683), 

Specific Heat of Liquid Ammonia. 
x, 645.)—The specific heat is nearly constant at different temperatures, and 
about equal to that of water, or unity. From 0° to 100° F., it is 


c = 1,096 — .00127, nearly. 


In— ater paper b: 


value, viz., ¢ = 1.12136 + 0.0004387, 


(Wood, Trans. A. S. M. E., 


y Prof. Wood (Trans. A.S, M. E., xii. 186) he gives a higher 


' 


PROPERTIES OF AMMONIA VAPOR. 993 


ZL. A. Elleau and Wm. D. Ennis (Jour. Franklin Inst., April, 1898) give the 
results of nine determinations, made between 0° and 20° C., which range 
from 0.983 to 1,056, averaging 1.0206. Von Strombeck (Jour. Franklin Inst., 
Dec. 1890) found the specific heat between 62° and 31° C. to be 1.22876. 
Ludeking and Starr (Am. Jowr. Science, iii, 45, 200) obtained 0,886, Prof. 
Wood deduced from thermodynamic equations c = 1.093 at — 34° F. or 
— 38° C,, and Ledoux in like manner finds ¢ = 1.0058 + .003658t° C. Elleau 
and Ennis give Ledoux’s equation with a new constant derived from their 
experiments, thus c = 0.9834 + 0.003658¢° C, 

Properties of the Saturated Vapor of Ammonia. 
(Wood’s Thermodynamics.) 


Pressure, 


| 
Absolute. Heat of | Volume | Volume | Weight 


Vaporiza- | of Vapor jof aga ee: 


Temperature. 


. tion, ther- | per lb. per | 
Degs, | Abso- |Lbs.per|Lbs.per i y * | Vapor, 
e Ite Bsa te Aeaaeia. mal units. | cu. ft. cu. ft. Ke hi 
— 40 | 420.66 1540.7} 10.69 579.67 24.372 0234 -0410 
— 35 | 425.66 1773.6} 12.31 576.69 21.319 .0236 0468 
— 30] 430.66 | 2085.8) 14.13 573.69 18.697 0237 .0535 
— 2 | 435.66 | 2329.5) 16.17 570.68 16.445 0238 -0608 
— 20 | 440.66 2657.5) 18.45 567.67 14.507 0240 .0689 
— 15 | 445.66 3022.5] 20.99 564.64 12.834 0242 0779 
— 10 | 450.66 3428.0) 23.80 561.61 11.384 0243 087: 
— 65 | 455.66 3877.2) 26.93 558.56 10.125 0244 
0 | 460.66 4373.5) 30.37 555.50 9.027 .0246 1108 
ui 5 | 465.66 4920.5) 34.17 552.43 8.069 0247 1239 
10 | 470.66 5522.2) 38.34 549.35 7.229 0249 1383 
ut 15 | 475.66 6182.4] 42.93 546.26 6.492 0250 1544 
20 | 480.66 6905.3) 47.95 543.15 5.842 0252 712 
25 | 485.66 7695.2) 53.43 540.03 5,269 0253 «1898 
30 | 490.66 8556.6) 59.41 536.92 4.763 0254 2100 
35 | 495.66 9493.9) 65.93 533.78 4,313 0256 2319 
40 | 500.66 ; 10512 73.00 530.63 3.914 0257 2555 
45 | 505.66 | 11616 80.66 627.47 3.559 9 2809 
50 | 510.66 | 12811 88.96 524.30 3.242 0261 3085 
: 55 | 515.66 | 14102 97.93 621.12 2.958 0263 8381 
60 | 520.66 | 15494 | 107.60 517.93 2.704 0265 8698 
65 | 525.66 | 16993 118.03 514.73 2.476 0266 4039 
70 | 530.66 | 18605 129.21 511.52 2.271 0268 4403 
+ 75 | 585.66 | 20386 | 141.25 508.29 2.087 0270 4793 
80 | 540.66 | 22192 154.11 505.05 1.920 0272 
85 | 545.66 | 24178 | 167.86 501.81 1.770 16} 5650 
90 | 550.66 } 26300 | 182.8 498.11 1.632 0274 6128 
95 | 555.66 | 28565 198.37 495.29 1.510 0277 6623, 
100 | 560.66 | 38098G | 215.14 492.01 1.3898 0279 7153 
, 105 | 565.06 | 38550 | 232.98 488.72 1.296 0281 9716 
110 | 570.66 | 36284 | 251.97 485.42 1.208 0283 8312 
115 | 575.66 | 39188 | 272.14 482.41 1.119 0285 8937 
120 | 580.66 | 42267 | 293.49 478.7 1,045 0287 9569 
125 | 585.66 ; 45528 | 316.16 475.45 0.970 0289 1.0309 
150 | 590.66 | 4897 340.42 472.11 0.905 0291 1.1049 
b 135 | 595.66 | 52626 | 365.16 468.75 0.845 0293 1.1834 
+140 | €00.66 | 56483 | 392.22 465.39 0.791 0295 1.2642 
+145 | 605.66 | 60550 | 420.49 462.01 0.741 0297 1.3495 
+ 150 | 610.66 | 64833 | 450.20 458.62 0.695 0299 1.4388 
+155 | 615.66 | 69341 481.54 455 .22 0.652 0302 1.5337 
+160 | 620.66 | 74086 | 514.40 451.81 0.613 -0304 1.6343 
> + 165 | 625.66 | 79071 549.04 448.39 0.577 -0306 1.73383 


_ Specific Heat of Ammonia Vapor at the Saturation 
} Point. (Wood, Trans. A. S. M.$E., x. 644.)—For the range of temperatures 
ordinarily used in engineeering practice, the specific heat of saturated am- 
"monia is negative, and the saturated vapor will condense with adiabatic ex- 
pansion, and the liquid will evaporate with the compression of the vapor, 
at vay be revere will epee ae 

4 ault (Rel. des. Exp., ii. 162) gives for specific heat of ammonia-gas 
"0.50836. (Wood, Trans, A’S. M. E., xii. 133,) 
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Properties of Brine uscd to absorb Refrigerating Effect 
of Ammonia. (J. E. Denton, Trans, A. S. M. E., x. 799.)—A solution of 
Liverpool salt in well-water having a specific gravity of 1.17, or a weight 
per cubic foot of 73 lbs., will not sensibly thicken or congeal at 0° Fabren- 
heit. 

The mean specific heat between 29° and 16° Fahr. was found by Denton to 
be 0.805. Brine of the same specific gravity has a specific heat of 0.805 at 
65° Fahr., according to Naumann. 

oS apepiee values are as follows (Lehr- und Handbuch der Thermochemie, 
1882): 
Specific heat.... .791 .805* .863 .895 .931 .962. .978 
Specific gravity. 1.187 1.170 1.103 1.072 1.044 1.023 1.012 
* Interpolated. 


Chloride-of-calcium solution has been used instead of brine. Ac« 
cording to Naumann, a solution of 1.0255 sp. gr. has a specific heat of .957. 
A solution of 1.163 sp. gr. in the test reported in Eng’g, July 22, 1887, gave a 
specific heat of .827. 


ACTUAL PERFORMANCES OF ICE-MAKING 
MACHINES. 


The table given on page 996 is abridged from Denton, Jacobus, and Riesen- 
berger’s translation of Ledoux on Ice-making Machines. The following 
shows the class and size of the machines tested, refered to by letters in the 
table, with the names of the authorities: 


Dimensions of Compres- 
sion-cylinder in inches, 


Class of Machines, Authority. 
Bore. Stroke, 
A, Ammonia cold-compression..| Schréter. 9.9 16.5 
B. Pictet fluid dry-compression. io 11.3 24.4 
C. Bell-Coleman air = hd be 28.0 23.8 
5 enwic 
T). Closed cycle air,....... { Jacobus: 10. 18.0 
E. Ammonia dry-compression.. Denton. 12.0 30.0 


F, Ammonia absorption........ 


Performance of a_‘%5-ton Ammonia Compressicn= 
machine, (J. E. Denton, Trans. A.S. M. E., xii, 326.)—The machine had 
two single-acting compression cylinders 12’ x 30/’, and one Corliss steam- 
cylinder, double-acting, 18’ x 36’. It was rated by the manufacturers asa 
50-ton machine, but it showed 75 tons of ice-refrigerating effect per 24 hours 
during the test. 

The most probable figures of performance in eight trials are as follows : 


a Be a 44 4 A FAS ot ‘ 

Ammonia Brine a Bee Ooge |ROES (8°53 | 8 

<q | Pressures, {| Tempera- [O55 [29° 4 |3,; Bo 152 ey 

‘= | lbs. above tures, SSG FTP. ease og | 0 

H | Atmosphere.| Degrees F. |p? .|S59 84/9 wre planes as 
64 BPoe|ea MIS SLBloraZlo . 
S| con. | Sue sau cls ge8sSseusleces| 2g 
S o- - |Tnlet.| Outlet.| Qua Sie 2oo0alast aSlSeaqs| 8s 

 |densing| tion. 8 ag E & & 
1 151 | 28 86.76] 28.86) 70.3 22.60 0.80 1.0 1.0 
8 161 | 27.5 | 386.36) 28.45 | 70.1 22.27 1,09 1.0 1.0 
7 147 | 18.0 | 14.29) 2.29] 42.0 16.27 0.83 1.70 | 1.68 
4 152 8.2 |} 6.27) 2.03] 36.43 14,10 1.1 1.93 | 1.92 
6 105 7.6 | 6.40] —2.22] 37.20 17.00 2.00 1.91 1.88 
2 185 [15.7 | 4,62] 8,22 | 27.2 13.20 1.25 2.59)..) 2 5% 


The principal results in four tests are given in the table on page 998, The 
fuel economy under different conditions of operation is shown in the fol- 
Jowing table: t 


twa--- 


jes 
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Pounds of Ice-melting Effect with | B.T.U. per lb. of Steam 


% oS Engines— with Engines— 

E 3 Non-com- | Compound . 
ao | 8 _ | Non-con- | pound Con-| _ Con- g Ey of 
B= | ag densing. |“densing. | densing, | 3 _ B 5a 
(aR el prea es | cereal cies rey toe es bce 
ge(2 |s.(s8/4,|/68|4,/68| 2= | 8 | BB 
8 18 |e8lesl ss] esl esl] ee{ 8 SLO 
(2) 2 Pe) a2 me) om) 4° a2 A 

150| 28 | 24 | 2.90] 30 | 3.61| 37.5 |4.51| 303 | 518 | 640 
150 a 14 1.69 | 17.5 | 2.11 } 21.5 | 2.58 240 300 366 
105 } 28 | 34.5 | 4.16 | 43 5.18 | 54 6.50 591 925 923 
105 7 | 22 2.65 | 27.5 | 3.81 | 34.5 | 4.16 376 470 591 


The non-condensing engine is assumed to require 25 lbs. of steam per 
horse-power per hour, the non-compound condensing 20 lbs., and the com- 
densing 16 lbs., and the boiler efficiency is assumed at 8.3 lbs. of water per 
Ib. coal under working conditions. The following conclusions were derived 
from the investigation : 

1. The capacity of the machine is proportional, almost entirely, to the 
weight of ammonia circulated. This weight depends on the suction- 
pressure and the displacement of the compressor-pumps. The practical 
suction-pressures range from 7 lbs. above the atmosphere, with which a 
temperature of 0° F. can be produced, to 28 lbs. above the atmosphere, with 
which the temperatures of refrigeration are confined to about 28° F. At the 
lower pressure only about one half as much weight of ammonia can be cir- 
culated as at the upper pressure, the proportion being about in accordance 
with the ratios of the absolute pressures, 22 and 42 lbs. respectively. For each 
cubic foot of piston-displacement per minute a capacity of about one sixth 
of a ton of ** refrigerating effect’ per 24 hours can be produced at the lower 
pressure, and of about one third of a ton at the upper pressure. No other 
elements practically affect the capacity of a machine, provided the cooling- 
surface in the brine-tank or other space to be cooled is equal to about 
86 sq. ft. per ton of capacity at 28 lbs. back pressure. For example, a differ- 
ence of 100% in the rate of circulation of brine, while producing a propor- 
tional difference in the range of temperature of the latter, made no practical 
difference in capacity. 

The brine-tank was 10144 x 18 x 10% ft., and contained 8000 lineal feet of 
1-in, pipe as cooling-surface. The condensing-tank was 12 « 10 x 10ft., and 
contained 5000 lineal feet of 1-in. pipe as cooling-surface. 

2. The economy in coal-consumption depends mainly upon both the suc- 
tion-pressures and condensing-pressures. Maximum economy, with a given 
type of engine, where water must be bought at average city prices, is 
obtained at 28 lbs. suction-pressure and about 150 lbs, condensing-pressure. 
Under these conditions, for a non-condensing steam-engine, consuming coal 
at the rate of 3lbs. per hour per I.H.P. of steam-cylinders, 24 lbs. of ice- 
refrigerating effect are obtained per lb. of coal consumed. For the same 
condensing-pressure, and with 7 lbs. suction-pressure, which affords tem- 

eratures of 0° I’., the possible economy falls to about 14 lbs. of ** refrigerat- 
ing effect’ per lb, of coalconsumed. The condensing-pressure is determined 
by the amount of condensing-water supplied to liquefy the ammonia in the 
condenser. If the latter is about 1 gallon per minute per ton of refrigerating 
effect per 24 hours, a condensing-pressure of 150 lbs. results, if the initial tem- 
perature of the water is about 56°F, Twenty-five per cent less water causes 
the condensing-pressure to increase to 190 lbs. The work of compression is 
thereby increased about 20%, and the resulting ‘‘economy” is reduced to 
about 18 lbs. of ‘‘ ice effect” per lb, of coal at 28 lbs. suction-pressure and 
11.5 at 7 lbs. If, on the other hand, the supply of water is made 3 gallons 
per minute, the condensing-pressure may be confined to about 105lbs. The 
work of compression is thereby reduced about 25%,and a proportional increase 
of economy results. Minor alterations of economy depend on the initial 
temperature of the condensing-water and variations of latent heat, but these 
are confined within about 5% of the gross result, the main element of control 
being the work of compression, as affected by the back pressure and con- 
densing-pressure, or both. If the steam-engine supplying the motive power 
may use a condenser t> secure a vacuum, an increase of economy of 25% is 
“available over the above figures, making the lbs. of “ice effect”’ per lb. of 
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coal for 150 Ibs. condensing-pressure and 28 Ibs. suction-pressure 30.0, and 
for 7 lbs, suction-pressure, 17.5. It is, however, impracticable to use a con~ 
denser in cities where water is bought. The latter must be practically 
free of cost to be available for this purpose. In this case it may be assumed 
that water will also be available for condensing the ammonia to obtain as 
low a condensing-pressure as about 100 lbs., and the economy of the refrig- 
erating-machine becomes, for 28 lbs. back-pressure, 43.0 Ibs. of ‘‘ice effect ” 
per lb. of coal, or for 7 lbs. back-pressure, 27.5 lbs. of ice effect per Ib. 
of coal. If a compound condensing-engine can be used with a steam-con- 
sumption per hour per horse-power of 16 lbs. of water, the economy of the 
refrigerating-machine may be 25% higher than the figures last named, mak- 
ing for 28 lbs. back pressure a refrigerating effect of 54.0 lbs. per lb. of coal, 
and for 7 lbs. back pressure a refrigerating effect of 34.0 lbs. per lb. of coal, 


Actual Performance of ice-making Machines, 
m 


oe aoe. | oy 5 s| Sos wo 
eRe ae Beet Pe 8 iSsl8 |Ze Se legis 
fed | ose | OSE 3 | Ss Edisso /82/2 
ABE |Sssse | 354 8/52/12 |ss|Sha jes! = 
a Boy bas I EL|S os SOg |BS B | 
Seo | Sa8o |] se RPISBRIe | a0; 5 jel 
S33 | O2k2 |) O88 Ig | Finca 4d|50a8 |oR/ 92 
agS | Sb | a83 | Sig are |e loa. log] 8 
BHo | 8900 See Sia leslie |pes/a -8 |as| @ 
o5a | F040 oAw!} 81 oleae |Saleens os! 8 
4 H e A/a lscl8 |88ise5 jas| ea 
FA sly lscle |e. (fae |S8l og 
® oO /etlis |seleoe 2| oA 
a a| oslo |Su [Sdsalae| Se 
Sig a s ARE 22 [8 we /o<| 28 
o( w | a -| a 3s egi/Ssieo Qe 
\8/2\a)8] 4 a |S| @leeleg sa lsa3slss| ag 
|i 2/2/28) 8 (3/3/21 2 ogles| 2s esssles| 3s 
6| 5 3° = 3 SO 1GRMlOnrl oa |S Alon] O& 
slziSla@isl/alslélajaic (ee mst 
A} 1 | 185) 55 | 72 27 43] 37/44.9/17.9)14.4/26.2/40.63) 80.8 |19.1)| 54 
se 2 | 181} 42 | 70 14 | 28) 28)/45.1/18.0)16.7/19.5/80.01) 33.5 |20.2) 53 
“1 3 | 128] 30 | 69 1 14 9/45.1]16 8/16.0}13.3/22.03] 387.1 125 2} 50 
‘| 4 | 126) 22 | 68 |—12 O|— 5/44.8/15.5/19.5} 9.0/16.14| 42.9 29.1] 44 
6 42 | 95 14 | 28] 23/45.0/24.1/10.5/16.5/19.07] 386.0 |28.5) 77 
*) 6 | 186] 60 | 72] 80) 44] 37/45.2/17.9/10.7/29.8/46.29) 28.5 |19.9] 56 
ss! @ | 181) 45) 71 18 | 28) 23)45.1/18.0/12.1|21.6/33.23) 81.3 /21.9} 56 
“| 8 | 126, 24 | 68 |— 9 O|— 6/44.7/15.6/18.0) 9.9117.55} 41.1 28.3) 46 
91 117] 41 | 64] 18] 28] 23/45.0]16.4/13.5/20.0/38.77) 838 1 122.9] 50 
**! 10 | 180} 60 | 70} 31 43] 37/81.7/12.0)14.8/19.5/45.01} 385.2 23.8) 52 
B} 11 57| 21 | 77 28 | 48] 87/57.0/21.5)22.9/25.6183.07| 89.9 |22.2) 24 
“) 12 | 56) 15 | 76 14 28] 23/56.8/20,6]22.9|17.9/24.11) 41.38 [24.0] 23 
1 13 55) 10 | 75 |— 2 14 9/57.1/18.5/24.0)11.6|17.47] 42.2 |25.2) 20 
«1 14 60 81 |—16 O}— 6)57.6/15.7)25.7| 5.7|10.14| 54.5 |38.5) 16. 
“1! 15 | 91) 15 |104] 14 | 28) 28/59 8)27.2/16,.9/15.7/16.05) 386.2 |23.1) 31 
“) 16 61] 22 | 81 31 44) 387/57.3)21 6/14.0/28.1/36.19] 383.4 |22.5) 26. 
Ub yg 59] 16 | 80 16 28] 23/57.5)20.5/12.8/19.3/26.24) 84.6 125.0) 25. 
“) 18 | 59} 7 | 79 |—16 O|— 6/57.8/15.9)21.1) 6.8)11.93) 47.5 33.4) 18. 
6! 19 54| 22 | 75 31 43 785. 3}12.4)22.3)17.0/88.04) 39.5 |22.6) 22 
s) 20 89] 16 |103 16 28) 23/42.9/19.9/14 '7/11.9]16.68] 37.7 |27.0| 32 
1 21 | 62) 6} 82 |—17 0}— 5/34.8) 9.9)24.3) 8.5] 9.86] 54.2 [39.5] 17 
CG} 22 | 59} 15 | 65*|—53* . ./63.2)83.2/21.9/10.3] 3.42) 71.7 156.9) 26 
D} 23 | 175) 54 | 81*/—40* ..|93.4/88.1/32.1| 4.9) 3.0 | 80. 63. | 89 
By} 24 | 166} 43 | 84 15 87| 28/58 1|85.0/22.7)73.9)24.16) 82.8 |11.7) 65 
*) 25 | 167) 23 } 85 |—11 6} 2)/57.7/72.6)18.6/387.9]14.52) 387.4 22.7) 57. 
*) 26 | 162] 28 | 83 |— 3 14 2\57.9)73.6)19.3/46.5/17.55| 34.9 |18.6) 59 
“1 27 | 176] 42 | 88} 14] 36). 28/58.9/88.6]19.7)74.4/23.31] 30.5 |18.5) 70 
FY 28 |) 152" 40.) 79-' 13} 21), 16)... 42.2120.1 | 47.8. |....[.. 


* Temperature of alr at entrance and exit of expansion-cylinder. 

+ On a basis of 3 Ibs. of coal per hour per H.P. of steam-cylinder of com- 
pression-machine and an evaporation of 11.1 Ibs. of water per pound of 
combustible from and at 212° F’. in the absorption-machine, ‘ 

+ Per cent of theoretical with no friction. 


§ Loss due to heating during aspiration of gas in the compression-cylinder 


and to radiation and superheating at brine-tank, 
| Actual, including resistance due to inlet and exit valves. Fi ’ 
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Tu class A, a German machine, the ice-melting capacity ranges from 46.29 
to 16.14 lbs. of ice per pound of coal, according as the suction pressure 
varies from about 45 to 8 Ibs. above the atmosphere, this pressnre being the 
eondition which mainly controls the economy of compression-machines. 
These results are equivalent to realizing from 72% to 57% of theoretically per- 
fect performances, The higher per cents appear to occur with the higher 
suction-pressures, indicating a greater loss from cylinder-heating (a phe- 
momenon the reverse of cylinder condensation in steam-engines), as the 
range of the temperature’ of the gas in the compression-cylinder is 
greater. : 

In EB, an American compression-machine, operating on the “ dry system,” 
the percentage of theoretical effect realized ranges from 69.5% to 62.6%. 
The friction losses are higher forthe American machine. The latter’s higher 
efficiency may be attributed, therefore, to more perfect displacement. 

The largest ‘‘ice-melting capacity’? in the American machine is 24.16 Ibs. 
This corresponds to the highest suction-pressures used in American practice 
for such refrigeration as is required in beer-storage cellars using the direct- 
expansion system. The conditions most nearly corresponding to American 
brewery practice in the German tests are those in line 5, which give an “‘ ice- 
melting capacity ” of 19.07 lbs. 

For the manufacture of artificial ice, the conditions of practice are those 
of lines 3 and 4, and lines 25 and 26. In the former the condensing pressure 
used requires more expense for cooling water than is common in American 
practice. The ice-melting capacity is therefore greater in the German ma- 
chine, being 22.03 and 16.14 Ibs. against 17.55 and 14.52 for the American 
apparatus. 

Lass B. Sulphur Dioxide or Pictet Machines.—No records are available 
for determination of the ‘‘ice-melting capacity” of machines using pure 
sulpbur dioxide, This fluid is in use in American machines, but in Europe 
it has given way to the ‘‘ Pictet fluid,” a mixture of about 97% of sulphur 
dioxide and 8% of carbonic acid. The Prepenee of the carbonic acid affords 
a temperature about 14 Fahr. degrees lower than is obtained with pure sul- 
phur dioxide at atmospheric pressure. The latent heat of this mixture has 
es determined, but is assumed to be equal to that of pure sulphur 

ioxide. 

For brewery refrigerating conditions, line 17, we have 26.24 lbs. ‘‘ice- 
melting capacity,”? and for ice-making conditions, line 13, the ‘‘ ice-melt- 
ing capacity’? is 17.47 lbs. These figures are practically as economical 
as those for ammonia, the per cent of theoretical effect realized ranging 
from 65.4 to 57.8. At extremely low temperatures, —15° Fahr., lines 14 and 
18, the per cent realized is as low as 42.5. - 

Cylinder-heating.—In compression-machines employing volatile 
vapors the principal cause of the difference between the theoretical and the 
practical result is the heating of the ammonia, by the warm cylinder walls, 
during its entrance into the compressor, thereby expanding it, so that to 


‘compress a pound of ammonia a greater number of revolutions must be 


“made by the compressing-pumps than corresponds to the density of the 


_ammonia-gas as it issues from the brine-tank, 
' Tests of Ammonia A bsorption-machine used in storage-ware- 


houses under Bpppon cies to the New York and Brooklyn Bridge. (Hng'g, 
July 22, 1887.)—The circulated fluid consisted of a solution of chloride of cal- 


cium of 1.163 sp. gr. Its specific heat was found to be .827. 


The efficiency of the apparatus for 24 hours was found by taking the 
product of the cubic feet of brine circulating through the pipes by the aver- 


age difference in temperature in the ingoing and outgoing currents, as 


observed at frequent intervals by. the specific heat of the brine (.827) and its 
weight per cubic foot (73.48). The final product, applying all allowances for 
corrections from various causes, amounted to 6,218,816 heat-units as the 
amount abstracted in 24 hours, equal to the melting of 43,565 Ibs. of ice in 


_ the same time. 


The theoretical heating-power of the coal used in 24 hours was 27,000,000 
heat-units; hence the efficiency of the apparatus was 23%. This is equivalent 


‘to an ice-melting effect of 16.1 lbs, per lb. of coal having a heating value of 
10,000 B.T.U. per lb. 


A test of a 35-ton absorption-machine in New Haven, Conn., by Prof. 
Denton (Trans, A. S. M. E., x. 792), gave an ice-melting effect of 20.1 lbs. per 
Yb. of coal on a basis of boiler economy equivalent to 3 lbs. of steam per 
LH.P. in a good non-condensing steam-engine. The ammonia was worked 


between 138 and 23 Ibs, pressure above the atmosphere. ; 


ny 
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Performance of a 75=-ton Refrigerating-machine. 


Av. high ammonia press, above atmos..... 
Av. back ammonia press. above atmos..... 
Av. temperature brine inlet 
Av. temperature brine outlet......... 
Av. range of temperature 
Lbs. of brine circulated per minute. . 
Av. temp. condensing-water at inlet.. . 
Av. temp. condensing-water at outlet. . 
Av. range of temperature 
Lbs. water circulated p. min. thro’ cond’ser 
Lbs. water per min. through jackets 
Range of temp »rature in jackets.... 
Lbs. ammonia circulated per min.... 
Probable temperature of liquid ammo: 
entrance to brine-tank. 
Temp. of amm. corresp. to av. back press. 
Av, temperature of gas leaving brine-tanks 
Temperature of gas entering compressor. . 
Av. temperature of gas leaving compressor 
Av. temp. of gas entering condenser....... 
Temperature due to condensing pressure. . 
Heat given ammonia: 
By brine, B T.U. per miniute.... ...... 
By compressor, B.T.U. per minute. .... 
~ By atmosphere, B.T.U. per minute..... 
Total heat rec. by amm., B.T.U. per min.. 
Heat taken from ammonia: 
By condenser, B.T.U. per min 
By jackets, B.T.U. per min ee 
By atmosphere, B.T.U. per min........ 
Total heat rej. by amm., B.T.U. per min... 
Dif. of heat ree’d and rej., B.T.U. per min. 
% work of compression removed by jackets. 
Av. revolutions per min 
Mean eff. press. steam-cyl., lbs. per sq. in.. 
Mean eff. press. amm.-cyl., lbs. per sq. in.. 
Av. H.P. steam-cylinder..............-..... 
Av. H.P. ammonia-cylinder. .... 
Friction in per cent of steam H.P.....:..... 
Total cooling water, gallons per min. per 
tonsper 24noursy sie. Ue ade biel oa 
Tons ice-melting capacity per 24 hours..... 
Lbs. ice-refrigerating eff. per lb. coal at 3 
Tos. per HP? per hour...) so... aeons 
Cost coal per ton of ice-refrigerating effect 
at $4 per ton 
Cost water per ton of ice-refrigerating effect’ 
AG ST ParO0O ene Ltiias.weorcess sacee een 


Maximum Capacity and 
Economy at 28 lbs 
Back Pressure. 


213 
2 


00° 


84.5° 


Total cost of 1 ton of ice-refrigerating eff... 


Brine, and 8 lbs. 


| Maximum Capacity and 
Economy at Zero, 
Back Pressure, 


or 
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147 lbs.| 161 Ibs, 
13: RTE 
14.299] ....... 
2.29°; 28.45° 
12.009} 7.912 
948 | 2374 
46.9° | 54.00° 
85.46°| 82.862 
38.562} 28.802 
257 601.5 
40 14 
16.4° | 29.1° 
16.67 | 28.32 
*63.7° 76.7° 
— 5° 14° 
3:02.) 29,29 
10.13°| 34° 
e3g° | gale 
209° | 168° 
82.5° | 88.0° 
8824 14647 
2518 | 3020 
167 141 
11409 | 17708 
9910 | 17359 
656 406 
250 252 
10816 | 18017 
407 399 
26% 13% 
57.88 | 58.89 
27.83 | 32.97 
59.86 | 70.54 
73.6 | 98.63 
59.37 | 71.20 
20.0 | 19.67 
0.797) 0.990 
44.64. | 74.56 
17.27-)). 23.37 


$0.231 | $0.170 
$0.136 | $0.169 


$0.467 | $0.339 


Figures marked thus (*) are obtained by calculation; all other figures are 
obtained from experimental data , temperatures are in Fahrenheit degrees, 
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Ammonia Compression-machine, 
ActruaL RESULTS OBTAINED AT THE MuNIcH TESTS, 
(Prof. Linde, Trans, A. S. M. E., xiv. 1419.) 


No. Of Tesb....s geciser SStnesiay ee encne 1 2 8 4 5 

Temp. of refrig- | Inlet, deg. F...... 43.194 | 28.844 | 13.952)/—0.279] 28.251 
erated brine js Outlet, ¢ deg. F...| 37.054 | 22.885 | 8.771)/—5.879| 23.072 

Specific heat of brine............... 0.861 0.851} 0.843) 0.837] 0.851 


‘ . 
Quantity of brine circ. per h., cu. ft.| 1,039.38] 908.84 \633.89 |414.98 |800.93 
Cold produced, B.T.U. per hour... | 342,909 | 263,950 | 172,776] 121,474] 220,284 
Quant. of cooling water per h., c. ft.|388.76 |260.83 |187.506|139.99 | 97.76 
1.H.P. in steam-engine cylinder (Ze).| 15.80 16.47 15.28 | 14.24 | 21.61 
Cold pro- t Per I.H.P. in comp.-cyl.| 24,818 } 18,471 | 12,770 | 10,140 | 11,151 


duced per } Per I.H.P. in steam-cyl.| 21,703 | 16,026 | 11,807 | 8,530] 10,194 
h., B.T.U.) Per lb. of steam........! 1,100.8 1785.6 564.9 1485.82 1512.12 


Means for Applying the Cold. (M. C. Bannister, Liverpool 
Eng’g Soc’y, 1890.)—The most useful means for applying the cold to various 
uses is a saturated solution of brine or chloride of magnesium, which 
remains liquid at 5° Fahr. The brine is first cooled by being circulated in 
contact with the refrigerator-tubes, and then distributed through coils of 
pipes, arranged either in the substances requiring a reduction of tempera- 
ture, or in the cold stores or rooms prepared for them; the air coming in 
contact with the cold tubes is immediately chilled, and the moisture in the 
air deposited on the pipes. It then falls, making room for warmer air, and 
so circulates until the whole room is at the temperature of the brine in the 

ipes. 

4 In a recent arrangement for refrigerating made by the Linde British Re- 

frigeration Co., the cold brine is circulated through a shallow trough, in 

which revolve a number of shafts, each geared together, and driven by me- 
chanical means. On the shafts are fixed a number of wrought-iron disks, 
partly immersed in the brine, which cool them down to the brine tempera- 
_ ture as they revolve; over these disks a rapid circulation of air is passed by 

a fan, being cooled by contact with the plates; then it is led into the cham- 
_ bers requiring refrigeration, from which it is again drawn by the same fan; 
_ thus all moisture and impurities are removed from the chambers, and de-- 
posited in the brine, producing the most perfect antiseptic atmosphere yet 
invented for cold storing; while the maximum efficiency of the brine tem- 
perature was always available, the brine being periodically concentrated by 
suitable arrangements. 

Air has also been used as the circulating medium. The ammonia-pipes 
refrigerate the air in a cooling-chamber, and large wooden conduits are used 
to convey it to and return it from the rooms to be cooled. An advantage of 
this system is that by ita room may be refrigerated more quickly than by 
brine-coils. The returning air deposits its moisture in the form of snow on 
the ammonia-pipes, which is removed by mechanical brushes. 
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Under summer conditions, with condensing water at 70°, artificial ice-ma- 
‘chines use ammonia at about 190 lbs. above the atmosphere condenser- 
‘pressure, and 15 lbs. suction-pressure. 

In a compression type of machine the useful circulation of ammonia, 
Blowing tor the effect of cylinder-heating, is about 13 lbs. per hour per in- 
dicated horse-power of the steam-cylinder. This weight of ammonia pro- 
‘duces about 32 lbs. of ice at 15° from water at 70°. If the ice is made from 
‘distilled water, as in the ‘‘can system,’’ the amount of the latter supplied 
‘by the boilers is about 33% greater than the weight of ice obtained. This 
»exizess represents steam escaping to the atmosphere, from the re-boiler and 
‘steam-condenser, to purify the distilled water, or free it from air; also, the 
oss through leaks and drips, and loss by melting of the ice in extracting it 
‘from the cans. The total steam consumed per horse-power is, therefore, 
‘about 32 x 1.33 = 43,0lbs. About 7.0 lbs, of this covers the steam-consump- 
‘tion of the steam-engines driving the brine cireulating-pumps, the several 
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cold-water pumps, and leakage, drips, ete. Consequently, the main steam- 
engine must consume 36 lbs. of steam per hour per I.H-P., or else live steam 
must be condensed to supply the required amount of distilled water. There 
is, therefore, nothing to be gained by using steam at high rates of expansion 
in the steam-engines, in making artificial ice from distilled water. If the 
cooling water for the ammonia-coils and steam-condenser is not too hard for 
use in the boilers, it may enter the latter at about 175° F., by restricting the 
uantity to 114 gallons per minute per ton of ice. - With good coal 8% lbs. af 
eed-water may then be evaporated, on the average, per lb. of coal. 

The ice made per pound of coal will then be 32 = (43.0 + 8.5) = 6.0 Ibs. 
This corresponds with the results of average practice. 

If ice is manufactured by the “‘ plate system,” no distilled water is used 
for freezing, Hence the water evaporated by the boilers may be reduced to 
the amount which will drive the stearmm-motors, and the latter may use steam 
expansively to any extent consistent with the power required to compress 
the ammonia, operate the feed and filter pumps, and the hoisting machinery. 
The latter may require about 15% of the power needed for compressing the 
ammonia. 

If a compound condensing steam-engine is used for driving the com- 

ressors, the steam per indicated steam horse-power, or per 32 lbs. of net 
ice, may be 14 lbs. per hour. The other motors at 50 lbs. of steam per horse- 

wer will use 7.5 lbs. per hour, making the total consumption per steam 
orse-power of the compressor 21.5 lbs. Taking the evaporation at 8 lbs., 
the feed-water temperature being limited to about 110°, the coal per horse- 
power is 2.7 lbs. per hour. The net ice per Ib. of coal is then about 32+-2.7= 
11.8 lbs. The best results with ‘‘ plate-system ” plants, using a compound 
steam-engine. have thus far afforded about 101 lbs. of ice per lb. of coal. 

In the “ plate system” the ice gradually forms, in from 8 to 10 days, to a 
thickness of about 14 inches, on the hollow plates, 10 x 14 feet in area, in 
which the cooling fluid circulates, 

Tn the ‘‘ can system” the water is frozen in blocks weighing about 800 Ibs. 
each, and the freezing is completed in from 40 to 48 hours. The freezing- 
tank area occupied by the “plate system” is, therefore, about twelve 
times, and the cubic contents about four times as much as required in the 
**can system.” 

The investment for the “plate” is about one-third greater than for the 
“can” system. In the latter system ice is being drawn throughout the 24 
hours, and the hoisting is done by hand tackle. Some “can” plants are 
equipped with pneumatic boists and on large hoists electric cranes are used 
to advantage. In the “plate system” the entire daily product is drawn, 
cut, and stored in a few hours, the hoisting being performed by power. 
The distribution of cost is as follows for the two systems, taking the cost 
for the “can” or distilled-water system as 100, which represents an actual 
cost of about $1.25 per net ton: 


Can ae Plate System. 


Hoisting and storing ice. ....-.....- 2.8 
Engineers, firemen, and co: asser. 15.0 13.9 
Coal at $3.50 per gross ton.....-.--.----...- 42.2 20.0 
Water pumped directly from a natural source 
at 5 cis. per 1000 cubic feet......... 4 1.3 2.6 
Interest and depreciation at 10%... .. ae 24.6 82.7 
Repairs.......... Sane nes Peace ants vaeieeen ane 2.7 3.4 
es = 
100.00 75.4 


A compound condensing engine is assumed to be used by the “plate sys 
tem.” 

Test of the New York Hygeia Ice-making Plant.—(By 
Messrs. Hupfel, Griswold, and Mackenzie; Stevens Indicator, Jan. 1894.) 

The final results of the tests were as follows: 


Net ice made per pound of coal, {tl POUNOS 327 eens cuss naviove taedy=e 7.12 


Pounds of net ice per hour per horse-power.............+++ mob sce: pes. eee 
Net ice manufactured per day (12 hours) in tons......... pith sales avon 97 
‘Ay. pressure of ammonia-gas at condenser, lbs. per sq. in. ab.atmos. 135.2 
‘Average back pressure of amm.-gas, lbs. per sq. in. above atmos.... 15.8 
Average temperature of brine in freezing-tanks, degrees F..... dite AOD 
Total number of cans filled per week -.. -...0+..- 200-25 cece ceeeres 4089 
Ratio of cooling-surface of coils in brine-tank to can-surface........ 7 to 10 


a : MARINE ENGINEERING. 1001 


Ratio of brine in tanks to water in cans ...... --...-...-... a Arn a re & 
Ratio of cireulating water at condensers to distilled water.......... 26to1 
Pounds of water evaporated at boilers per pound of coal..... ...... $.085 
Total horse-power developed by Compressor-engines....  ....-.-.--- 444 
Pexcemtare of ice lost in removing from catis........-... 6.2.2... e000 2.2 
APPROXIMATE DIVISION OF STEAM IN PER CENTS OF TOTAL AMOUNT. 

Com pressor-EngiMes - 2s ses nose sas eo estan ee te san eice oman = las fees tee 
Live steam admitted direetly to condensers... .......-..--200-+--:- 19.7 
Steam for pumps, agitator, and elevator engines ........,.... ......- 7.6 
Live steani for reboiling distilled water... ... 222.2222... .0s2ceessee- 6.5 
Steam for blowers furnishing draught at boilers.......- ee Re 5.6 
Sprinklers for removing ice from cans_.......... 22.2020. .eesaseenes ae aE 


The precautions taken to insure the purity of the ice are thus described: 

The water which finally leaves the condenser is the accumulation of the 
exhausts from the various pumps and engines, together with an amount of 
live steam injected into it directly rege the B boilers. This last peste fai is 
used to make up any deficit in the amount of water necessary to su Sa aot 
ice-cans. This water on leaving the condensers is violently reboi 
afterwards cooled by running through a coil surface-cooler. - It then voeea 
through an oil-separator, after which it runs through three charecoal-filters 
and deodorizers, placed in series and containing 28feet of charcoal. It next 
oan into the supply-tank in which there is an electrical attachment for 

jetecting salt. Nitrate-of-silver tests are also made for salt daily. From 

‘this tank it is fed to the ice-cans, which are carefully covered so that the 
water cannot possibly receive any impurities. 
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Rules for Measuring Dimensions and Obtaining Tone 
mage of Vessels, (Record of American & Foreign Shipping. American 
Bureau of Shipping, N. Y. 1890_)—The dimensions to be measured as follows: 

IL. Length. 2.—From the fore side of stem to the after side of stern- 
‘measured at middle line on the upper deck of all vessels, except those 

“ing a continuous hurricane-deck extending right fore and eft. in which the 
aiee: is 5g be measured on the range of deck immediately below the hurri- 
ec! 

Vessels having — heads, raking forward, or receding stems, or Pe 
ing stern-posts, the length to be the distance of the fore side of stem from 

‘aft-side of stern-post at the deep-load water-line measured at middle line. 
(The inner or propelier-post to be taken as stern-post in screw-steamers. 

IL Breadth, B.—To be measured over the widest frame at its widest part; 
in potest words, the moulded breadth. 

Til. Depth, D.—To be measured at the dead-flat frame and at middle line 
of ressel. It shall be the distance from the top of floor-plate to the upper 
Side of upper deck-beam in all vessels except those having a_continuous 

“hurricane-deck, extending right fore and aft, and not intended for the 
American coasting trade, in which the somn © fob is to be Ler distance from top 
of floor-plate to midway between top of eck-beam and the top 
of deck-beam of the deck immediately below Fein las Bg 

Tn vessels fitted with a continuous hurricane deck, extending right fore 
and aft. and intended for the American coasting trade, the depth is to be 
the distance from top of floor-plate to top of deck-beam of deck immedi- 
ye harricane-deck,. ot Multiply t 

Rule for Obtaining Tonnace.—Mu ogether the length, 
breadth, and depth, and their produet by 7 75; divide the last product by 100; 


the quotient will be the tonnage. EE EE DX = tonnage. 


- The U.S. Custom-house Tonnage Law, May 6, 1864, provides 
that ** the register tonnage of a vessel shall be her entire internal cubic 
_ eapacity in tons of 100 cubic feet each.** This measurement includes all the 
ce between upper decks, however many there may be. Explicit direc- 

+ tions for making the measurements are given in the law. 

The Displacement of a Vessel (measured in tons of 240 Ibs.) is 
‘the weight of the volume of water which it ——. For sea-waier it is 
equal to the volume of the vessel beneath the water-line, in cubic feet, 

_ divided by 35, which figure is the number of cubic fect of sea-water at 60° 
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F. in a ton of 240lbs, For fresh water the divisor is 85.98. The U.S. rege 
ister tonnage will equal the displacement when the entire internal eubig 
capacity bears to the displacement the ratio of 100 to 35. 

The displacement or gross tonnage is sometimes approximately estimated 
as follows: Let Z denote the length in feet of the boat, B its extreme 
breadth in feet, and D the mean draught in feet; the product of these three 
dimensions will give the volume of a parallelopipedon in cubic feet. Put- 
ting V for this volume, we have V= LX BX D. 

The volume of displacement may then be expressed as a percentage of 
the volume V, known as the “‘ block coefficient.” This percentage varies for 
different classes of ships. In racing yachts with very deep keels it varies 
from 22 to 33; in modern merchantmen from 55 to 75; for ordinary small 
boats probably 50 will give a fair estimate. The volume of displacement in 
cubic feet divided by 35 gives the displacement in tons. 

Coefficient of Fineness.—A term used to express the relation be- 
tween the displacement of a ship and the volume of a rectangular prism or 
box whose lineal dimensions are the length, breadth, and draught of the 


ship. 
és DX 35 : 5 
Coefficient of fineness = Exexw D being the displacement in tons 
of 35 cubic feet of sea-water to the ton, L the length between perpendiculars, 
ey the extreme breadth of beam, and W the mean draught of water, all in 

‘eet. 

Coefficient of Water-lines.—An expression of the relation of the 
displacement to the volume of the prism whose section equals the midship 
section of the ship, and length equal to the Iebethof the ship, 


Coefficient of water-lines = DX 


area of immersed water section x L Seaton 
gives the following values: 


Coefficient Coefficient of 
of Fineness, Water-lines, 
Finely-shaped ships...... bon ase counseesmeacacre 0.55 0.63 
Fairly-shaped ships. ..... 5 0.61 0.67 
Ordinary merchant steam 


PIMRIOUS ies fou coset nae 65, 0.72 
Cargo steamers, 9 to 10 knots..... o 0.70 0.76 
Modern cargo steamers of large Siz@.........+6. 0.78 0.83 


Resistance of Ships.—tThe resistance of a ship passing through 
water may vary from a number of causes, as speed, form of body, displace 
ment, midship dimensions, character of wetted surface, fineness of lines, 
etc. The resistance of the water is twofold: 1st. That due to the displace. 
ment of the water at the bow and its replacement at the stern, with the 
consequent formation of waves. 2d. The friction between the wetted sur- 
face of the ship and the water, known as skin resistance. A common aps 
proximate formula for resistance of vessels is 


Resistance = speed? X j/displacement? X aconstant, or R = S2D3 x & 
If D = displacement in pounds, S = speed in feet per minute, R = resist 


ance in foot-pounds per minute, R= CS?D%, The work done in overcom: 


ing the resistance through a distance equal to SisR x S= CS8D3; and 
if His the efficiency of the prope and machinery combined, the indicated 
CS8D 
EX 83,000° 
If S = speed in knots, D = displacement in tons, and Ca constant which 
includes all the constants for form of vessel, efficiency of mechanism, etc, 


tip. = 28 


The wetted surface varies as the cube root of the square of the displace- 
ment; thus, let L be the length of edge of a cube just immersed, whose dis- 


placement is D and wetted surface W. Then D = L8 or L = yD, and 
W=5xL?=5x( 4/D)?. Thatis, W varies as Di, ' 


horse-power I.H.P. = 
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Another approximate formula is 


LHP. = area of immersed midship section x ae 
The usefulness of these two formulz depends upon the accuracy of the 
$0-calied ‘‘ constants’ C and K, which vary with the size and form of the 
ship, and probably also with the speed. Seaton gives the following, which 
may be taken roughly as the values of CO and K under the conditions ex- 
pressed: 


General Description of Ship. epee, ven va 


{hips over 400 feet long, finely shaped......... ....]15 to 17} 240 620 
“se 300 ita “se i 5 


os “ “ 
“ “ 66 


‘hips over 300 feet long, fairly shaped. 
o ae 17 


ae 


oe 


‘thips over 250 feet long, finely shaped... 


“ce “ as 


Ships over 250 feet Jon g, fairly shaped 


Ships over 200 feet long, finely shaped... 


Shins over 200 feet long, fairly shaped ... 
Ships under 200 feet long, finely Shaped Be 


Coefficient of Performance of Vessels.—-The quotient 


4/ Gisplacement)? x (speed in knots)8 
tons of coal in 24 hours ; 


gives a quotient of performance which represents the comparative cost of 

propulsion in coal expended, Sixteen vessels with three-stage expansion- 
engines in 1890 gave an average coefficient of 14,810, the range being from 
12,150 to 16,700. 

In 1881 seventeen vessels with two-stage expansion-engines gave an ayer- 
‘age coefficient of 11,710. In 1881 the length of the vessels tested ranged from 
260 to 820, and in 1890 from 295 to 400. The speed in knots divided by the 
square root of the length in feet in 1881 averaged 0.539; and in 1890, 0.579; 
ranging from 0.520 to 0.641. (Proc. Inst. M E., July, 1891, p. 329.) 

Defects of the Common Formula for Resistance.—Modern 
*xperiments throw doubt upon the truth of the statement that the resistance 
varies as the square of the speed. (See Robt, Mansel’s letters in Engineer 
ing, 1891; also his paper on The Mechanical Theory of Steamship Propulsion, 
read before Section G of the Enginee ring Congress, Chicago, 1893.) 

Seaton says: In small steamers the chief resistance is the skin resistance 
In very fine steamers at high spéeds the amount of power required seems 
excessive when compared with that of ordinary steamers at ordinary speeds, 

In torpedo-launches at certain high speeds the resistance increases at a 
lower rate than the square of the sveed, 

In ordinary sea-going and river s\eamers the reverse seems to be the case. 
5 Rankine’s Formula for total resistance of vessels of the * wave- 

ine” type is: 


R= ALBV%~(1 +4 sin? 6-+4sin4 6), 


in which equation @ is the mean angle of greatest obliquity of the stream 
lines, 4 is a constant multiplier, B the mean wetted girth of the surface ex 
posed to friction, Z the length in feet, and V the speed in knots. The power 
demanded to impel a ship is thus the product of a constant to be determined 
by experiment, the area of the wetted surface, the cube of the speed, and the _ 
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quantity in the parenthesis, which is known as the “ coefficient of augmen- 
tation.” The last term of the coefficient may be neglected in calculating the 
resistance of ships as too small to be practically important. In applying the 
formula, the mean of the squares of the sines of the angles of maximum 
ete ie of the water-lines is to be taken for sin? 6, and the rule will then 
read thus: 

To obtain the resistance of a ship of good form, in pounds, multiply the 
length in feet by the mean immersed girth and by the coefficient of augmen- 
tation, and then take the product of this ‘‘augmented surface,” as Rankine 
termed it, by the square of the speed in knots, and by the proper constant 
coefficient selected from the following: i 


For clean painted vessels, iron hulls. A=.01 
For clean coppebed vesselS........-- A = .009 to .008 
For moderately rough iron vessels......... 4 = .011 + 


The net, or effective, horse-power demanded will be quite closely obtained 
by multiplying the resistance calculated, as above, by the speed in knots and 
dividing by 326. The gross, or indicated, power is obtained by multiplying 
the last quantity by the reciprocal of the efficiency of the machinery and 

ropeller, which usually should be about 0.6. Rankine uses as a divisor in 
baie case 200 to 260. 

The form of the vessel, even when designed by skilful and experienced 
naval architects, will often vary to such an extent as to cause the above con- 
stant coefficients to vary somewhat; and the range of variation with good 
forms is found to be from 0.8 to 1.5 the figures given. 

For well-shaped iron vessels, an approximate formula for the horse-power 


required is H.P. = =. in which S is the ‘‘augmented surface.” The ex- ; 
, : 


3 
pression a has been called by Rankine the coefficient of propulsion. In 


the Hudson River steamer “ Mary Powell,” according to Thurston, this 
eoefficient was as high as 23,500. 
8 


The expression has been called the locomotive performance. (See 


Rankine’s Treatise on Shipbuilding, 1864; Thurston’s Manual of the Steam- 
engine, part ii. p. 16; also paper by F. T. Bowles, U.S.N., Proc. U.S. Naval - 
Institute, 1883.) 

Rankine’s method for calculating the resistance is said by Seaton to give 
more accurate and reliable results than those obtained by the older rules, 
but it is criticised as being difficult and inconvenient of application. 

Dr. Kirk’s Method.—This method is generally used on the Clyde. 

The general idea proposed by Dr. Kirk is to reduce all ships to so definite 
and simple a form that they may be easily compared; and the magnitude of 
cone eatures of this form shall determine the suitability of the ship for 
speed, etc. 

The form consists of a middle body, which is arectangular parallelopiped, 
and fore body and after body, prisms having isosceles triangles for bases, 


as shown in Fig. 168. : 


Fic. 168. 


This is called a block model, and is such that its length is equal to that of 
the ship, the depth is equal to the mean draught, the capacity equal to the 
displacement volume, and its area of section equal to the area of im-- 
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‘mersed midship section. The dimensionsof the block model may be obtained 
as follows: 
Let AG = HB = length of fore- or after-body = F; 
GH = length of middle body ~- = M; 
KL = mean draught =H; 
YK = area of immersed midship section _ B 


Volume of block = (F-+ M)x Bx H; 
Midship section = B X H; 
Displacement in tons = volume in cubic ft. + 35. 


AH = AG + GH = F+ M= displacement x 85 + (B X H). 


The wetted surface of the block is nearly equal to that of the ship of the 
same length, beam and draught; usually 2% to 5% greater. In exceedingly 
fine hollow-line ships it may be 8% greater. 


Area of bottom of block = (F’'-+ M) x B; 
Area of sides = 2M X H. 


Area of sides of ends = 44/ F2+ (2)’xa 


eased 8s 
Tangent of half angle of entrance = F = or 


From this, by a table of natural tangents, the angle of entrance may be 
obtained: 


Angle of Entrance Fore-body in 
of the Block Model. parts of length. 


Ocean-going steamers, 14 knots and upward. 18° to 15° -8 to .36 
att oe 12'to 14 knots......... 21 to18 -26 to .3 
ae cargo steamers, 10 to 12 knots.. 30 to 22 22 to .26 


E. RK. Mumford’s Method of Calculating Wetted Surfaces 
is given in a paper by Archibald Denny, Eing’g, ede 21, 1894. The following 
is his fotmula, which gives closely accurate results for medium draughts, 
beams, and finenesses: 


S=(2xXxDx19)+4+(LxX Bx), 


in which S = wetted surface in square feet; 
L = length between perpendiculars in feet; 
D = middle draught in feet; 
B = beam in feet; 

C = block coefficient. 


The formula may also be expressed in the form S = L(1.7D + BC). 

In the case of twin-screw ships having projecting shaft-casings, or in the! 
case of a ship having a deep keel or bilge keels, an addition must be made 
for such projections. The formula gives results which are in general much 
more accurate than those obtained by Kirk’s method. It underestimates 
the surface when the beam, draught, or block coefficients are excessive; but 
the error is small except in the case of abnormal forms, such as stern-wheel 
steamers having very excessive beams (nearly one fourth the length), and 
also very full’ block coefficients. The formula gives a surface about 6% too 
small for such forms. 

Wo Find the Indicated Horse-power from the Wetted 
Surface. ee ordinary cases the horse-power per 100 feet of 
wetted surface may be found by assuming that the rate for a speed of 10 
kaots is 5, and that the quantity varies as the cube of the speed. For exam- 
a To find the number of I.H.P. necessary to drive a ship at a speed of 15 

ots, having a wetted skin ef block model of 16,200 square feet: 


The rate per 100 feet = (15/10)8 x 5 = 16.875, 
Then I.H.P. required = 16.875 x 162 = 2734, 


1 
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A 


When the ship is exceptionally well-proportioned, the bottom quite ciean, 
and the efficiency of the machinery high, as low a rate as 4 I. 
eed of wetted skin of block model may be allowed 

e 
come the friction and other resistance of the engine itself and the shafting, 
and also the power lost in the A propelior In other words, I.H.P. is no meas- 
ure of the resistance of the ship, and can only be relied on as a means of 
deciding the size of engines for speed, so long as the efficiency of the engine 
and propellor is known definitely, or so long as similar engines and propellers 


-P. per 100 — 


Brose indicated horse-power includes the power necessary to over=- — 


> 


are employed in ships to be compared. The former is difficult to obtain, 7 


and it is nearly impossible in practice to know how much of the powershown 
in the cylinders is employed usefully in overcoming the resistance of the 
ship. The following example is given to show the variation in the efficiency 
of propellers: 


Knots... 1.H.P. Gi 
H.M.S. ** Amazon,”’ with a 4-bladed screw, gave,........... 12.064 with 1940 — 
H.M.S, ‘‘ Amazon,”’ with a 2-bladed screw, increased pitch, 
and less revolutions per minute. ..........-.+ceecceeesees 2.396 “* 1663 
H.M.S. “Iris,” with a 4-bladed screw.........cceeeeveneeeee 6.577 ** 7503 
H.M.S. ‘‘Iris,” with 2-bladed screw, increased pitch, less 
mevoluvions per knot. Laine cew ce su seiemeas Useibe das 18.587 ‘* 7556 


Relative Horse-power Required for Different Speeds of 
Vessels. (Horse-power for 10 knots = 1.)—The horse-power is taken usually 
to vary as the cube of the speed, but in different vessels and at different 
speeds it may vary from the 2.8 power to the 3.5 power, depending upor the 
lines of the vessel and upon the efficiency of the engines, the propeller, etc. 


n 

a 
go 4 | 6 | 8 {10 12 | 14 | 16 | 18"| 20 | 22 | 24 | 26 | 28 | 80 
Mra 
HP 
S$2°8| 0769] .289] .585]1..|1..6662.565)3.729|5.185|6.964|9.095|11.60|14.52|17. 8721 .67 
#9 |.0701].227| -524/1 .|1.607/2.653/3.908|5.499|7. 464|9. 841] 12.67] 15.97|19.80|24 19 
S$ _ | .0640].216] .512|1.|1.728]2.744|4'096/5.832/8. {10.65/13 .82|17.58]21.95|27. 
§8-1 | 0584] 205] .501/1. 11. 760]2.838|4/293]6.185|8.574|11 .52/15.09|19.34]24.93)30.14 
§3-2 | 0583] .195] .490]1. 1. 792]2. 935]4.500|6.559/9.189]12.47|16. 47|21 .28]26. 97/33.63 
§3-3 | 0486] 185] .479]1. |1.825]3.036]4.716|6.957|9. 849|13. 49|17.98)28.41/29..90|37.54 
$3-4 | 0444] 176] .468]1 .|1.859|3. 139/4.943/7.878|10.56|14..60|19.62)25.76/33.14|41.90 
83:5 |.0405) 167] 4581 ./1.89313.24715. 18117. 824/11 .81]15.79121 42/28 .84|36.73146.77 


EXAMPLE IN USE OF THE TABLE.—A Certain vessel makes 14 knots speed 
with 587 I.H.P. and 16 knots with 900 1.H.P. What I.H.P. will be required at 
18 knots, the rate of increase of horse-power with increase of speed remain- 


ing constant ? The first step is to find the rate of increase, thus: 14° : 16% :; 


x log 16 — x log 14 = log 900 — log 587; 
%(0.204120 — 0.146128) = 2.954243 — 2.768638, 


whence x (the exponent of S in formula H.P. «S®) = 3.2, 

From the table, for S$'2.and 16 knots, the I.H.P. is 4.5 times the I.H.P, at 
10 knots, .". H.P. at 10 knots = 900 + 4.5 = 200. 

From the table, for 3:2 and 18 knots, the I.H.P. is 6.559 times the I.H.P. at 
10 knots; .*. H.P. at 18 knots = 200 x 6.559 = 1312 H.P, 

Resistance per Horse-power for Different Speeds, (One 
horse-power = 83,000 lbs, resistance overcome through 1 ft. in 1 min.)—The 
resistances per horse-power for various speeds areas follows: For a speed of 
1 knot, or 6080 feet per hour = 101} ft, per min., 83,000 ~ 10114 = 325.658 Ibs. 
per horse-power; and for any other speed 325.658 Ibs. divided by the speed 
in knots; or for 
1 knot 325.66 lbs, Pires pas Ibs. 


11 knots 29.61 Ibs. 16 knots 20.85 Ibs. 
Ne sfF, paleo Y Sumncreree |! Be (pos 


2 knots 162.83 “ 46.5: -14 

8 ‘* 108.55 ‘ $e 4007S 8818-2 S95 OB 86.) IB. 6 18.00 ss 
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(From Seaton’s Marine Engineering.) 


200 
ia s (Wetted skin...... ... 903 | 38793 | 3754 | 8222 
es Length, fore-body.. 45’ 0/72" 00’) 42’ 6/1148" 0” 
ibe 


a (Angle of entrance. .......|12°40/| 11° 30’) 28° 50’| 13° 21’ 
Displacement X 35 
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Results of Trials of Steam-vessels of Various Sizes. 


PS i « 

g a4 at bl) a ae 

48) wt) oe | ae) gE) Be 

wn we ne Ay ns Sg 

° | 

Be] mY Pi | gs 

S tae! = a > (S) 
ngth, perpendiculars ... |907 077/171" 9711307 0” 286" 0”2307 07713277 O” 
readth, exireme.. . “|107 6” 18° 9”| 217 0”7) 34” 37] 29° 0771 B57 0” 
ean draught wat 2 6/16" 914/"| 8 1071 6! 0”| 13” 6”| 13” 0” 
Displacement (tons 29.73) 280 370 800 | 1500 | 1900 
Area [mmersed m 24? 99 148 340 336 


10,075 | 15,782 
79’ 6/’|129" OF 
17° 0” | 11° 26! 


270” 0/1300" 0/7/30" 0”1870/ 0” 
"42" 0! 46" 0” 467 0” 417 077 
“118” 10”| 187 21 18° a”l1g7 11/7 
3057 | 3290 | 3290 | 4635 

682 | 700 | 700 | 656 

16,008] 18,168 | 18,168 | 22,633 
.. {1017 0°|135" 6/135" 6”7]193" 0” 
18° 44’/16° 16” |16° 16” | 16° 4” 


Length, pe: aie 
Breadth, pet reme.. 


Displacement (tons). 
Area Imm. mid. secti 
yl Wetted skin...... 


cy 

i $ Length, fore-body.. 
BP 

ia) 


® | Angle of entrance... 
Displacement X 85 


nein oC lnm maid andar tt 0.481} 0.576) 0,608] 0.489) 0.671] 0.605 
peed (knots) .........--- seee-ess 22 01 | 15.3 | 10.74 | 17.20 | 10.04 | 17.8 
‘Indicated horse-power..... eee xe 460 798 371 1490 | 503 751 
1L.H.P. per 100 ft, wetted skin....]50.9 | 21.04] 9.88 | 18.12] 5.00 | 30.00 
M.H.P. per 100 ft. wetted skin, re- 
duced to 10 knots...... bee rec 4.78 | 5.87 | 7.97 8.56] 4.90 | 5.82 
‘D3 x 83 
LHP 223 192 172.8 | 298.7] 266 182 
pmersed: mid ‘area. > 8° >! .| see). 448.|\ 40s | 68a) | G90. 300 
i.H.P. 
aol atl a A ad| 22 
ae/ 35 | =8| cf| #8] 23 
HY mies Hs Hs S me fof 


392 0/1450" 0” 
39. 0”! 45/ 2H 
2)’ 4" 23° qu 
5767 | 8500 
738. | 926 
26,235 | 82,578 

118’ 0/|129" 0” 

16° 30’ | 17° 167 


i GE 0.629 | 0.548) 0.548 | 0.668 


-|14.966 | 18.573) 15.746] 13.80 
4015 7714 | 38958 2500 
25.08 | 42.46 | 21.78 | 11.04 


Length X Imm. mid area 
Speed (knots) .......-... 
Indicated horse-power.. 

1.H.P. per 100 ft. wetted : 
1.H.P. per 100 ft. wetted skin, re- 


duced to 10 knots...... OS te 7.49] 6.634] 5.58} 4.20 
Dt x S8 ‘ 
Tah eae aldo e-seeee- (175.8 1188.7 218.2 292 


Immersed mid area x S? 
LHP. 


sisisins +/527.5 |581.4 |690.5 689 


0.698 | 0.714 
12.054 | 15.045 
1758 4900 
6.7 | 15,04 


8.83 | 4.42 
820 289.8 


735 1642.5 
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Results of Progressive Speed Trials in Typical Vessels, 
(Zing’g, April 15, 1892, p. 463.) 


$ a ae oe gles 
2 laa} “> RS | em foe 
2 28s: | 85 | 35 | 85 | 25 lo 88 
®/68u9/ 52) 4221/5. | $2 ibaa 
alSsre| 35] 2S |} aa] 25 ad 
Be 8S} Sa] 55/55 |ms ss 
& S| FS ES | else [ge 
Length (in feet)................| 185 230 265 | 300 860 | 3875 | 525 
Breadth sf (0. cna enivaeiecef il 27 1] 48 60 65 
Draught (mean) on trial.......|5 1”) 8/ 3/7 116’ 6/| 16/ 2//123' 9/7125" g/”jat” 3H 
Displacement (tons) 1 735 2800) 3330 | 7390} 9100 | 11550 
1 450 700} 800 | 1000} 1500} 2000 


Speed 
10 


Admiralty coeff. 10 knots.{ 200 181 284] 279] 380} 290] 255 
De x8 14“ | 932) 203 | 259] 2551 347 | 998] 304 

= 18 “« | 147] 190 | 181] 217] 295] 982] 207 
LHP. 20 “ | 156] 186 | 159| 198] 276| 978] 9281 


The figures for I.H.P. are “round.” The ‘“‘ Medusa’s” figures for 20 knots 
are from trial on Stokes Bay, and show the retarding effect of shallow water. 
The figures for the other ships for 20 knots are estimated for deep water. 

More accurate methods than those above given for estimating the 
horse-power required for any proposed ship are: 1. Estimations calculated 
from the results of trials of ‘‘similar’’ vessels driven at ‘“ corresponding ’’ 
speeds; ‘‘ similar” vessels being those that have the same ratio of length to | 
breadth and to draught, and the same coefficient of fineness, and “ corre- 
pending speeds those which are proportional to the square roots of 
the lengths of the respective vessels. Froude found that the resistances of 
such vessels varied almost exactly as wetted surface x (speed)?. 

2. The method employed by the British Admiralty and by some Clyde 
shipbuilders, viz., ascertaining the resistance of a model of the vessel, 12 to 
20 ft. long, in a tank, and calculating the power from the results obtained. 

Speed on Canals,.—A great loss of speed occurs when a steam-vessel 
passes from open water into a more or less restricted channel, The average 
Speed of vessels in the Suez Canal in 1882 was only 514 statute miles per hour. 
(Bng’g. Feb. 15, 1884, p. 139.) 

Estimated Displacement, Horse-power, ete.—The table on 
the next page, calculated by the author, will be found convenient for mak- 
{ng approximate estimates. p 

The figures in 7th column are calculated by the formula H.P, = §3D%3 = a 
in which. c = 200 for vessels under 200 ft. long when C= 65, and 210 
when C = .55; c = 200 for vessels 200 to 400 ft. long when C = .75, 220 when 
C = .65, 240 when C = .55; c = 230 for vessels over 400 ft. long when C = .%5, 
250 when C = .65, 260 when CO = .55. 

ae figures.in the 8th column are based on 5 H.P, per 100 sq. ft. of wetted 
surface, 

The diameters of screw in the 9th column are from formula D= 
3.31 VLELP., and in the 10th column from formula D = 2.71 VURLP. 


To find the diameter of screw for any other speed than 10 knots, revolu- 
tions being 100 per minute, multiply the diameter given in the table by the 
5th root of the cube of the given speed 10. For any other revolutions per 
minute than 100, divide by the revolutions and multiply by 100. 

To find the approximate horse-power for any other speed than 10 knots, 
multiply the horse-power given in the table by the cube of the ratio of the 
given speed to 10, or by the relative figure from table on p. 1006, 
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Estimated Displacement, Horse-power, etc., of Steam= 
vessels of Various Sizes, 


a aC sl/8 Displace- | Estimated Horse- Diam. of Screw for 10 
gu 38 =A 3 30] ment. | Wetted Surface’_ power at 10 knots, knots speed and 100 
84 | 3e| Pe Ge 3 |LBD x C/ra.7D + BC) |~ Cale, (Calc. from| __TeVs. per minute, 

gs" | Ba] 23) 858/25 sq.ft, "| from Dis-) Wetted |IfPitch =, If Pitch = 

ANS tons, plscem’t,| Surface. | Diam. 1.4 Dism, 
12 | 3 | 1.5) .55 85 48 4.3 2.4 4.4 3.6 
16 3 | 1.5) .55 1.13) 64 ‘5.2 3.2 4.6 3.8 
4/2 | .65 2.38 96 8.9 4.8 5.1 4.2 
20 3 | 1.5) .55 1.41 80 6.0 4.0 4.7 3.9 
4 1)2 | .65 2.97 120 10.3 6.0 5.3 4.3 
o4$ | 8-5) 1.5 -55 |, 1.98 104 7.5 5.2 5 4.1 
4.5] 2 | .65 4.01 152 12.6 7.6 5.5 4.5 
30 4/2 | .b5 3.77 168 11.5 8.4 5.4 4.4 
5..| 2.5) .65 6,96 224 18.2 11.2 5.9 4.8 
40 4.5) 2 | .55 5.66 235 15.1 11.8 5.7 4.7 
6 | 2.5) .65 11.1 826 24.9 16.3 6.3 5.2 
50 6 7 8 | .55 14.1 420 | 27.8 21.0 6.4 5.4 
; 8 | 3.5) .65 26 558 43.9 27.9 re | 5.8 
60 S$ | 3.5) .55 26.4 621 42.2 }° 31.1 7.0 Se Bee 
3 10 | 4 | .65 44.6 798 62.9 39.9 7.6 6.2 
70 10 | 4 | .55 44 861 59.4 43.1 7.5 6.1 
12 | 4.5) .65 70.2 1082 85.1 54.1 8.1 6.6 
80 12 | 4.5) .55 67.9 1140 79.2 57.0 7.9 6.5 
14 {5 | .65] 104.0 1408 111 70.4 8.5 7.0 
90 13 15 | .55 91.9 1408 97 0.4 8.3 6.8 
16 |6 | .65] 160 1854 147 92.7 9 7.3 
13 {5 | .55] 102 1565 104 78.3, 8.4 6.9 
100< |15 | 5.5) .65 | 153 1910 143 95.5 8.9 7.3 
17.|6 | .%5 | 219 2295 202 115 9.6 7.8 
14 | 5.5] .55 | 145 2046 121 102 8.8 7.2 
120< |16 |6 | .65] 214 2472 179 124 9.4 1.6 
18 | 6.5) .75 | 301 2946 250 147 10 8.2 
16-16 | (55 | 211 2660 169 133 9.2 7.4 
140< |18 | 6.5) .65 | 306 8185 227 159 9.8 8.0 
20°) % 1.75 | 420 3766 312 188 10.5 8.5 
17 | 6.5) .55 | 278 3264 203 163 9.6 7.8 
160419 | 7 | .65] 395 3880 269 194 10.1 8.3 
21. | 7.5) .75 | 540 4560 868 228 10.8 8.8 
20.17 | .65 | 396 4122 257 206 10.1 8.2 
180+ (22 | 7.5) .65 | 552 4869 337 248 10.6 8.7 
24 18 | .75 |] 741 5688 455 284 11.3 9.2 
22 17 | 55] 484 4800 257 240 10.1 8.2 
2004 25 | 8 | .65 | 743 6970 373 299 10.8 8.8 
28 |9 | .7% | 1080 7260 626 363 11.6 9.5 
28 |8 | .55} 880 7250 383 363 10.9 8.9 
250+ [382 {10 | .65 | 1486 9450 592 473 11.9 9.7 
fi 36 |12 | .75 | 2314 11850 875 593 12.8 10.5 
“ 32 |10 | .55 | 1509 10380 548 519 127 9.6 
800< |36 |12 | .65 | 2407 13140 806 657 12.6 10.4 
40 |14 | .75 | 8600 17140 = (}1175 857 13.6 ied! 
5 88 12 | .55 | 2508 14455 769 723 12.5 10.2 
250~ |42 |14 | .65 | 3822 17885 = /1111 894 13.5 11.0 
46 |16 | .75 | 5520 21595 -|1562 1080 14.4 11.8 
44 |14 | .55 | 3872 19200 1028 960 13.3 10.8 
400< /48 |16 | .65 | 5705 23360 1451 1168 14.2 11.6 
52 118 | .75 | 8023 27840  |2006 1392 15.2 12.4 
50 |16 | .55 | 5657 24515 1221 1226 13.7 11.2 
450+ |54 |18 | .65 | 8123 29565 |1616 1478 14.5 11.9 
: 58 {20 | .%5 111157 34875 = |2171 1744 15.4 12.6 
: 52 418 | .55 | 7354 29600 1454 1480 14.2 11.6 
1500+ |56 |20 | .65 |10400 35200 |1966 1760 15.1 12.4 
60 22 | .75 |14143 41200 = |2543 2060 15.9 13.0 
56 |20 | .55 | 9680 86245 = 1747 1812 14.7 12.0 
1550+ |60 (22 | .65 |13483 42735 12266 21387 15.5 12.7 
64 (24 | .75 [18103 49665 {2998 2483 16.4 13.4 
60 (22 | .55 |12446 42900 = |2065 2145 15.2 12.5 
"6004 |64 |24 | .65 }17115 50220 = /2656 2511 15.4 13.1 
68 126 | .75 1227381 58020 [3489 2901 16.9 13.8 
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THE SCREW-PROPELLER, 


The “pitch” of a ees is the distance which any point in a blade, 
describing a helix, will travel in the direction of the axis Curing one revolu- 
tion, the point being assumed to move around the axis. The pitch of a 
propeller with a uniform pitch is equal to the distance a propeller will 
advance during one revolution, provided there is no slip. Ina case of this 
kind, the term “ pitch”* is analogous to the term ‘pitch of the thread” of 
an ordinary single-threaded screw. Z 

Let P = pitch of screw in feet, R = number of revolutions per second, 
V = velocity of stream from the propeller = P x R, v = velocity of the ship 
in feet per second, V — v = slip, A = area in square feet of section of stream 
from the screw, ba gai pimps 4 the area of a circle of the same diameter, 
AX V= volume of water projected astern from the ship in cubie feet per 
second. Taking the weight of a cubic foot of sea-water at 64 lbs., and the 
force of gravity at 32, we ae from the De ai formula for force of accel- 
eration, viz.: F = ea Lay or F = —v,, when tf = 1 second, v, being 

t gt g 
the acceleration. iis 
Thrust of screwin pounds = Tao 47 — v) = 2AV(V — v). 


Rankine (Rules, Tables, and Data, p. 275) gives the following: To caleulate 
the thrust of a propelling instrument (jet, paddle, or screw) in pounds, 
multiply together the transverse sectional area, in square feet, of the stream 
driven astern by the propeller; the speed of the stream relatively to the snip 
in knots; the real slip, or part of that speed which is impressed on that 
stream by the propeller, also in knots; and the constant 5.66 for sea-water, 
or 5.5 for fresh water. If S = speed of the screw in knots, s = speed of ship 
in knots, A = area of the stream in square feet (of sea-water), 


Thrust in pounds = A X S(S — s) X 5.66. 


The real slip is the velocity (relative to water at rest) of the water pro- 
jected sternward; the apparent slip is the difference between the speed of 
the ship and the speed of the screw; i.e., the product of the pitch of the 
screw by the number of revolutions. 

This apparent slip is sometimes negative, due to the working of the screw 
in disturbed water which has a forward velocity, following the ship. Nega- 
tive apparent slip is an indication that the propeller is not suited to the 


ship. 

The apparent slip should generally be about 8% to 10% at full speed in well- 
formed vessels with moderately fine lines; in bluff cargo boats it rarely 
exceeds 5%. ; 

The effective area of a screw is the sectional area of the stream of water 
laid hold of by the propeller, and is generally, if not always, greater than 
the actual area, in a ratio which in good ordinary examples is 1.2 or there- 
abouts, and is sometimes as high as 1.4; a fact probably due to the stiffness 
of the water, which communicates motion laterally amongst its particles. 
(Rankine’s Shipbuilding, p. 89.) 

Prof, D. S. Jacobus, Trans. A. S. M. E., xi. 1028, found the ratio of the ef- 
pore to the actual disk area of the screws of different vessels to be as 

‘ollows : 


Tug-boat, with ordinary true-pitch screw.................... = ghinz ete ten 1,42 
of ** screw having blades projecting backward............... oF 
Ferryboat “ Bergen,” with or- } at speed of 12.09 stat. miles per hour. 1.53 
dinary true-pitch screw e © AS4 Ge se x +: 1.48 
Steamer ** Homer Ramsdell,’”’ with ordinary true-pitch screw.......-... 1.20 


Size of Screw.—Seaton says: The size of a screw depends on so many 
things that it is very difficult to lay down any rule for guidance, and much 
must always be left to the experience of the designer, to allow for all the 
circumstances of each particular case. The following rules are given for 
ordinary cases. (Seaton and Rounthwaite’s Pocket-book): 


5 . 101338S. 4 eS ‘ ‘ 
P = pitch of propeller in feet = R00 — a in which S = speed in knots, 


& = revolutions per minute, and 2 = percentage of apparent slip. 


For a slip of 10%, pitch = mes. 
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D = Giameter of propeller = K (Eazy: Ebene scotiiontiren 
100 


/THP. 
im the table below. EE] 2, D= mM Exar 
‘Total developed area of blades = C, LE, in which C is # coefficient 


| to be taken from the table : 

Another formuls for piteh, given in Seatonm’s Marine Engineering, is 

= 9/ ~ Geir i which C= 737 for ondinary vessels, and 660 for slow- 
Speed cargo vessels with full fines. 

Thickness of blade at root = 4/% x & in which d= diameter of tall 
shaft in Inches, » = number of bledes, 5 = breadth of blade in inches where 
it Joims the boss, measured parallel to the shaft-axis: E = 4 for cast iron, 15 
for cast stecl, 2 for 15 for high-class bronze. 

Thickness of at tip: Cast iron .0D + 4 in; east steel (8D+ 4in; 
gun-metal 18D + 2 in; high-class bronze .2D-+.3 in., where D = diameter 


of propeller in 
Propeller Coefficients, 


=o - Fe 5 ao 35 
Eva|ifjcsz} = = 
coe Res] Sz = ARES S 
Description of Vessel. 255 25 a Es = 
SY -| =a = = = 
ais = 3 3 
eee ge > > 
Bteff cargo bosts....... One 4 7 -I. 
Cargo, moderate s <4 /)18 -19 
Pass and mail, fine ines} 13-17) “ 4 | 19.530. 
= . i 4 | 20.5-21 
= jn —& 
* 3s jRz33 
Ne 4}21 = 
2;2 = 
Torpedo-boats, 3 3 
CLL, cast iroa; G. M_, gun-metal; B.. bronze; S_, steel; F_ 
LHP. > 
From the formule D — 20000 iPx gp 2 P= 
and B= 100, weebtain D= #/#0X LHP. =31V1HP. 
lf P= 14D and RF = 1) then D= ¥ = 21 LELP. 


1468 xX LELP. A 
From these two formule the figures for diameter of serew in the table on 
enn oan See ane They may be used as rough @ i . 
to the 


of the speed, and the diameter the serew as the sth root i 
oneeg a Fwllrmeayiinll gi peat Peele Ep gd mache ge eater 
tenth of the given Or, multiply by zi = 

_ For speed of knots: 

: 4 5 66 7 s 9 Ue. BR: Bm KHAB.- 
c= 


= 060.735 OF 875.999 1.059 1.116 1.170 1.284 1.275 1.27 
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Pee 8 19 alm 


/S= iF 


= 1.875 1.423 1.470 1.515 1.561 1.605 1.648 1.691 1.733 1.774 1.815 1.855 


For more accurate determinations of diameter and pitch of screw, the 
formule and coefficients given by Seaton, quoted above, should be used. 

Efficiency of the rig see \ccording to Rankine, if the slip of 
the water be s, its weight W, xesistance R, and the speed of the ship v, 


B=—*; Bv=——. 
g . 


. ‘This impelling action must, to secure maximum efficiency of propeller, be 
\ effected by an instrument which takes hold of the fluid without shock or 
disturbance of the surrounding mass, and, by a steady acceleration, gives it 
the required final velocity of ee The velocity of the propeller over- 


coming the resistance R would then 
v+(v+s) C + s. 


and the rork performed would be 
& Wes Ws? 
R(v+3) = + 


the first of the last two terms being useful, the second the minimum lost 
work; the latter being the wasted energy of the water thrown backward. 


The effici e 
efficiency is saslGeas 


and this is the limit attainable with a perfect propelling instrument, which 
limit is approached the more nearly as the conditions above prescribed are 
the more nearly fulfilled. The efficiency of the propelling instrument is 
probably rarely much above 0.60, and never above 0.80. 

In designing the screw-propeller, as was shown by Dr. Froude, the best 
angie for the surface is that of 45° with the plane of the disk; but as all 
parts of the blade cannot be given the same angle, it should, where practi- 
cable, be so proportioned that the ‘‘ pitch-angle at the centre of effort” 
should = made 45°. The maximum possible efficiency is then, according 
to Froude, 77%. 

In order that the water should be taken on without shock and discharged 
pas maximum backward velocity, the screw must have an axially increas- 

z pitch. - 

The true screw is by far the more usual form of propeller, in all steamers, 
re and naval (Thurston, Manuai of the Steam-engine, part ii., 
p. 176. 

The combined efficiency of screw, shaft, engine, etc., is generelly taken 
at 50%. In some cases it may reach 602 or 65%. Rankine takes the effective 
H.P. to equal the LH_P. =~ 1.63. 


Pitch-ratio and Slip for Screws of Standard Form. 


Real Slip of 
Screw . 


1.7 21.3 
1.8 8 
1.9 22.4 
2.0 2.9 
2.1 23.5 
2.2 24.0 
2.3 24.5 
2.4 25.0 
2.5 35.4 


Besaits oir sere ad 
f= ee sumer ie = Ta at cee ee 
ae meet SSS Ee saree Se Se lee ee 


Ti ie ieee See eee Sees emt wa 22s 
Cs Seiad pe 2s Gow See TE oe ge 

@ Senses af lerse vite, efi: Seti ee Titi 
Sail > ie eet ee Sol Se a EE es DeREETiese Ge 
Weer Gee Ser ee ae he ee ae ee: SS Se 

= The Ges Gee ES mie Ge 2S ant 2S 

‘of; Te Siler Gee Gees of ie wees he Se Se 

2 GES EeSe Soe Seetet be gimme Sot pom Ge See Se 

es 


7) Sypercas esatine sip ie sacead seit of afimemad sees ot 


me lire thine te be tiered Sor nets? eee Ge we 
Games & amiwip sare’ er ase Sie serene 


Get Ses = oe 
Set ee a ee ee 
ae Vat 


ies. ES ES Fee, Te, ete of Reel Sotitie “ 
_ © _ A Gite foes bee af Nea! Stites SS a S Wee 


> 
ee ee 
DS Se eeercre Geos & He ae © Ss mith wee Soe 
$035 ih aes ek Se Sees tc Sees 
SPs esate of tie fee = eee ade Sg = eth: ae te 
aiwur Sy te Gesadtih. feemiter of Gmc wares Grerir wiih Ste fem 
‘ter, amt ere Shri? Se me Fines hut af a 
= af tis acuee of ue Sihes, ss Tsu. Waeaal 
—{ 
é — Th t= 
= iS Sremi as Sales De: af Sit ames Seam FS a 
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is as high as 25 per cent; a well-designed wheel on a well-formed ship should 
not exceed 15 per cent under ordinary circumstances. 
If K is the speed of the ship in knots, S the percentage of slip, and R the 
revolutions per minute, 
K(100 + 8) 


314XR~ 


The diameter, however, must be such as will suit the structure of the 
ship, so that a modification may be necessary on this account, and the 
revolutions altered to suit it. 

1 The diameter will also depend on the amount of “ dip” or immersion of 
oat. 

When a ship is working always in smooth water the immersion of the top 

vdge should not exceed 4 the breadth of the float; and for general service 
jt Sea an immersion of 14 the breadth of the fioat is sufficient. If the ship 
is intended to carry cargo, the immersion when light need not be more than 
2 or 3 inches, and should not be more than the breadth of float when at the 
deepest draught; indeed, the efficiency of the wheel falls off rapidly with 
the immersion of the wheel. are 

Area of one float = ——— D -%G. 

Cis a multiplier, varying from 0.3 to 0.85; D is the diameter of the wheel 

to the float centres, in feet. 
The number of floats = 44(D-+ 2). 
The breadth of the float = 0.35 x the length. 
The thickness of floats = 1/12the breadth. , 
. Diameter of gudgeons = thickness of float. 
Seaton and Rounthwaite’s Pocket-book gives: 


Diameter of wheel at centres = 


60 
Number of floats = —— 
VR 


where R is number of revolutions per minute. 


I.H.P. xX 33000 x K 


Area, of one float (in square feet) = —WxX(DX EB” 
where NV = number of floats in one wheel. 

For vessels plying always in smooth water K = 1200. For sea-going 
steamers K = 1400. For tugs and such craft as require to stop and start 
frequently in a tide-way K = 1600. 

It will be quite accurate enough if the last four figures of the cube 
(D X R)3 be taken as ciphers. 

For illustrated description of the feathering paddle-wheel see Seaton’s 
Marine Engineering, or ton and Rounthwaite’s Pocket-book. The diam- 
eter of a feathering -wheel is about one half that of a radial wheel for equal 
efficiency. (Thurston.) 

Efficiency of Paddle-wheels.—Computations by Prof. Thurston 
of the efficiency of propulsion by paddle-wheels give for light river steamers 
with ratio of velocity of the Bhai v, to velocity of the paddle-fioat at 
centre of pressure, V, or = = } with a dip = 8/20 radius of the wheel, and 

2 slip of 25 per cent, an efficiency of .714; and for ocean steamers with 
the same slip and ratio of ae and a dip = lg radius, an efficiency of .685. 


JET-PROPULSION. 


Numerous experiments have been made in driving a vessel by the 
reaction of a jet of water pumped through an orifice in the stern, but 
they have all resulted in commercial failure. Two jet-propulsion steamers, 
the ‘“‘ Waterwitch,” 1100 tons, and the ‘‘Squirt,’’ a small torpedo-boat, 
were built by the British Government. The former was tried in 1867, and 
gave an efficiency of apparatus of only 18 per cent. The latter gave a speed 
of 12 knots, as against 17 knots attained by a sister-ship having a screw and 
equal steam-power. The mathematical theory of the efficiency of the jet 
was ae by Rankine in The Engineer, Jan. 11, 1867, and he showed that 
the greater the quantity of water operated on by a jet-propeller, the greater 
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i the efficiency. In defiance both of the theory and of the results of earlier 
experiments, and also of the ae Dare meen ne 
$200,000 were spent in 1858-90 in New York 1 two experimental boats, the 

* Prima Vista “ and the “ Evolution,” in w: Spice pe ppencbate ds mod 
size.in the latter case only S¢inch diameter, and with a pressure of 

lbs. per square inch. As had been predicted, eae Pea gre Foe ey 
{See article by the author in Mechanics, March, 1891.) 

The theory of the jet-propeller is similar to that of the screw-propelier. 
if 4 = the area of the jet in square feet, V its velocity with reference to the 
orifice, in feet per second, v = the velocity of the in reference to the 
earth, then the thrast of the jet (see Screw-propeller, ante) is 2AV (V — v). 
The work done on the vessel is 2AV(V— v)v, and the work wasted on the 
pepe 2, eoeipe the jet Epa espae be pce The pore Bent is 

-—v 

24V(V —ve + AViV —op Veo This expression equals unity when 
V =v, that is, when the welseltg ot the jet with reference to the earth. or 
V — v, = 0; but then the thrust of the propeller is also0. The greater the 
galue of Vas compared with v, the less the efficiency. For VY = 20v, as was 
proposed in the ** Evolution,” the efficiency of the jet would be less than 10 
per cent, and this would be further reduced by the friction of the pumping 
mechanism and of the water in pipes. 

The whole theory of propulsion may be summed in Rankine’s words: 
‘That propeller is the best, other things being eq' which drives astern 
the oo or of water at the lowest velocity.” 

hed eben ee ee = ee 
sion which can compare favorably, under these with the screw 
or the paddie-wheel. 

Reaction of a Jet.—If 2 jet of water issues horizontally from a ves- 
sel, the reaction on the side of the vessel opposite the orifice is to the 
weight of a column of water the section of which is the area of orifice, 
and the height is twice the head. 

The propelling force in jet-propulsion is the reaction of the stream issuing 
from the orifice, and it is the same whether the jet is discharged under 
water, in the open air, or against a solid wall. For proof, see account of 
trials by C. J. Everett, Jr, given by Prof. J. Burkitt Webb, Trans, A. S. M. 
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(From a by A. Blechynden on Marine Engineering during the past 
athe 7 ade. Proce. Inst. M. E., July, 1891.) 


Since 188! the three-stage-expansion engine has become the rule, and the 
boiler-pressure has been increased to 160 Tbs. and even as high as 200 Ibs._per 
square inch. Four-stage-expansion engines of various forms have also been 
adopted. 

Foreed Draught has become the rule in all vessels for naval service, 
and is comparatively common in both passenger and cargo vessels. By this 
means it is — considerably to augment the power obtained from a 


‘ given boiler; an d so long as it is kept within certain limits it need result in 


no injury to the gt but when pushed too far the increase is sometimes 
purchased at considerable cost. 

In regard to the economy of forced draught, an examination of — pe 
pended table (page 1018) will show that while the mean consumption of 
im those steamers working under natural draught is 1.573 Ibs. per indicated 
horse-power per hour, it is only 1.336 lbs. in those fitted with oad draught. 
This is equivalent to an a of 15g. Part of this economy, however, 
may be due to the other heat-saving appliances with which the latter 
Steamers are fitted. 

Bollers.—As a material for boilers, iron is now a thing of the past, 
though it seems probable a it will continue yet awhile to be the material 
for tubes. Steel plates red at 132 square feet area 
eS For puray boiler work « punching: has be- 
come in marine-engine work. 

The increased pressures of steam have also caused attention to be directed 
to the furnace, and have led to the adoption of various artifiees in the shape 
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suspicion; and the advisers of the Board of Trade have fixed the limit of 
thickness for furnace-plates at 54 inch; but whether this limitation will 
stand in the light of prolorzed experience remains to be seen, It is a fact 
generally accepted that the conditions of the surfaces of a plate are far 
greater factors in its resistance to the transmission of heat than either the 
material or the thickness. With a plate free from lamination, thickness 
being a mere secondary element, it would appear that a furnace-plate might 
be increased from 14 inch to 3 inch thickness without increasing its resist- 
ance more than 114%. So convinced have some engineers become of the 
soundness of this view that they have adopted flues 34 inch thick. 

Piston-valves.—Since higher steam-pressures have become common, 
piston-valves have become the rule for the high-pressure cylinder, and are 
not unusual for the intermediate. When well designed they have the great 
advantage of being almost free from friction, so far as the valve itself is 
concerned. In the earlier piston-valves it was customary to fit spring 
rings, which were a frequent source of trouble and absorbed a large amount 
of power in friction; but in recent practice it has become usual to fit spring- 
less adjustable sleeves. 

For low-pressure cylinders piston-valves are not in favor; if fitted with 
spring rings their friction is about as great as and occasionally greater than 
that of a well-balanced slide-valve; while if fitted with epringloss rings there 
is always some leakage, which is irrecoverable. But the large port-clear- 
ances inseparable from the use of piston-valves are most objectionable; 
and with triple engines this is especially so, because with the customary 
late cut-off it becomes difficult to compress sufficiently for insuring econo- 
wy. and smoothness of working when in “full gear,” without some special 

evice, R \ 

Steam-pipes.—The failures of copper steam-pipes on large vessels 
have drawn serious attention both to the material and the modes of con- 
struction of the pipes. As the brazed joint is liable to be imperfect, it is 
proposed to substitute solid drawn tubes, but as these are not made of large 
sizes two or more tubes may be needed to take the place of one brazed tube. 
Reinforcing the ordinary brazed tubes by serving them with steel or copper 
wire, or by hooping them at intervals with steel or iron bands, has been 
tried and found to answer perfectly. 

Auxiliary Supply of Fresh Water—Evaporators.—To make 
UE the losses of water due to escape of steam from safety-valves, leakage at 
glands, joints, etc., either_a reserve supply of fresh water is carried in tanks, 
or the supplementary feed is distilled from sea-water by special apparatus 
provided for the purpose. In practice the distillation is effected by passing 
steam, say from the first receiver, through a nest of tubes inside a still or 
evaporator, of which the steam-space is connected either with the second 
receiver or with the condenser. The temperature of the steam inside the 
tubes being higher than that of the steam either in the second receiver or in 
the condenser, the result is that the water inside the still is evaporated, and 
passes with the rest of the steam into the condenser, where it is condensed 
and serves to make up the loss. This plan localizes the trouble of the de- 
posit, and frees it from its dangerous character, because an evaporator can- 
not become overheated like a boiler, even though it be neglected until it 
salts up solid; and if the same Bethe are taken in working the evapo- 

.rator which used to be adopted with low-pressure boilers when they were 

‘fed with salt water, no serious trouble should result. 

! Weir's Feed-water Heater.—The principle of a method of heating 
feed-water introduced by Mr. James Weir and widely adopted in the 
marine service is founded on the fact that, if the feed-water as it is drawn 
from the hot-well be raised in temperature by the heat of a portion of steam 
introduced into it from one of the steam-receivers, the decrease of the coal 
necessary to generate steam from the water of the higher temperature bears 
a greater ratio to the coal Requeed without feed-heating than the power 
which would be developed in the cylinder by that portion of steam would 
bear to the whole power developed when passing all the steam through all 
the cylinders. Suppose a triple-expansion engine were working under the 
following conditions without feed-heating: boiler-pressure 150 Ibs,; I.H.P. in 
high-pressure cylinder 398, in intermediate and low-pressure cylinders to- 

ether 790, total 1188. The temperature of hot-well 100° F. Then with feed- 
eating the same engine might work as follows: the feed might be heated to 
220° F., and the percentage of steam from the first receiver required to heat 
it would be 10.9%; the I.H.P. in the h.p. cylinder would be as before 898, and 
in the three cylinders it would be 1103, or 93% of the power developed without 
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feed-heating, Meanwhile the heat to be added to each pound of the feed-water 
at 220° F. for converting it into steam would be 1005 units against 1125 units 
with feed at 100° F., ager pont to an expenditure of only 89.4% of the heat 
required without feed-heating. Hence the expenditure of heat in relation 
to power would be 89.4 + 93.0 = 96.4%, equivalent to a heat economy of 3.6%. 
If the steam for heating can be taken from the low-pressure receiver, the 
economy is about doubled. 


Passenger Steamers fitted with Twin Screws. 


= I 
on8 i 2 Ali gress 
ne g Z ears are sets os 3 8 : 

Vessels. Sal y tes Bd - 
mse) 8 a¢;| Se 
gE a é Diameters. | Stro. 3 Ae Ef 

j Feet | Feet Inches In. | Lbs.| 1.H.P. 
ONE Darts Ep ess-.] 525 | 6844] 45,71, 118 | 60 | 150 | 20,000 
Majestic 
Tavtonic t Dee ancsttene || ycbOB.0) 1-58 43, 68,110 | 60 | 180] 18,000 
Normannia.......0seee.0es 500 eae 40, 67, 106 66 160 | 11,500 
Columbia...... eiebis'a o delete 463846 | 55: 41, 66, 101 66 | 160] 12,500 
Empress of Indi 
2 “ Japan >.......) 440 51 32, 51, 82 54 160 |} 10,125 
“ iT} China 
Ouveleiupieetaccmules a neoneais 415 48 34, 54, 85 51 160 | 10,000 
COU eis Ss eh sca eas 460 | 5414 | 3416, 5734, 92] 60 | 170] 11,656 


Comparative Results of Be fete of Marine Engines, 
1872, 1881, and 1891. : 


Boilers, Engines, and Coal, 1872. 1881. 1891. 
Boiler-pressure, lbs. pass SqQiinrisc. srer ee ees 52.4 4 158.5 
Heating-surface per horse-power, sq. ft.. 4.410 8.917 8.275 
Revolutions per minute, revs.... ...... 55.67 59.76 63.75 
Piston-speed, feet per min.......... 876 467 529 
Coal per horse-power per hour, Ibs 2.110 1.828 1.522 


Weight of Three-stage - expansion Engines in Nine 
Steamers in Relation to Indicated Horse-power and 
to Cylinder-capacity. ; 


Fs Muchinccr, Relative Weight of Machinery. 
g 2 
a) ‘ § 2 sa \ 
o 3 Per Indicated Horse- |o3 5 -|5%% | Typeof 
a EE bd |e power, eosele #3 §|Machinery. 
os fo} L=—o2 o om id oh 
4 g E a B B Engine-| Boiler- HBO & sens 
a room. | room, | Total 37S "lm 20 
tons. | tons. | tons adibssa. Eabean. lbs. | tons, tons. | 
1 | 681 662 | 13843 | 226 220 446 | 1.30 3.75 | Mercantile 
2 638 | 619 1257 | 259 251 510 1.46 4.10 ue : 
3 | 1384 | 128 262 | 207 198 405 | 1.23 3.23 se 
4 88.8) 46.2) 85] 170 203 373 | 1.29 3.30 ss 
5 719 | 695 1414 167 162 329 1.41 3.44 v 
6 75.2) 107.8] 183} 142 202 843 | 1.87 8.37 $f 
7} 44 | 61 | 10] 7% 108 | 185| i.21 | 2.724], Naval | 
8 73.5) 109 | 182.5) 7% 116 198A 04 2.78 doa: 
9 | 262 | 429 | 61] 62.5] 102 | 165| 0.82 | 2.zo{| Naval, 
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Dimensions, Indicated Horse = power, and Cylinder e 
capacity of Three=-stage -expansion Engines in Nize 


Steamers, 

S.: we g a3 =i esd 8 &b | Heating-sur- 

i 5 S 2 Cylinders, g = g A 2 = 3 2 taeet 

2 3 a 

$2 | mx Be 282] £3 | 538 

eS] 2a Se (S25 Ee Bs Per 

oe na E Diameters,|stroke| @ 8, 8 ae me | Total. | 1.H.P, 

ins. ins. | revs. | Ibs. | I.H.P. |cu.ft.| sq. ft. | sq. ft. 

1 Single |40 66 100) 72 64.5} 160] 6751 | 522 17.640 | 2.62 
2 thd 39 «661 «97| ~=66 67.8} 160 | 5525 | 436 15,107 | 2.73 
3 as 23 88 61] 42 83 160 1450 109 8,973 | 2.78 
4 Ls 17 2614 42] +24 90 150 510 30 1,403 } 2.75 
5 Twin |32 54 82) 54 88 160 | 9625 | 508 20,193 | 2.10 
6 15. 24 38) 27 113 150 1194 2.68 
7 | Single [20 30 45) 24 191 145 1265 36.3} 2,227 1.7 
8 Twin |1814 29 43) 24 182.5) 140] 2105 66.2) 3,928 1.87 
9 “+ {8844 49 74) 89 145 150 | 9400 | 319 15,882 | 1.62 
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(Extract from the Building Laws of the City of New York, 1893.) 
Walls of Warehouses, Stores, Factories, and Stables.— 
25 feet or less in width between walls, nop less than 12 in. to height of 40 ft.¢ 
Tf 40 to 60 ft. in height, not less than 16 in. to 40 ft., and 12 in. thence to top; 
60 to 80 & “ “ “ se 20 oe 25 “ - & “ 
95to8 * . “ “« & 24 “ 20 ft.3 20in, to 60 ft., and 16 in. 


to top; 

85 to 100 ft. in height, not less than 28 in, to 25 ft.; 24 in. to 50 ft.; 20 in* 
to 75 ft., and 16 in. to top; 

Over 100 ft, in height, each additional 25 ft, in height, or part thereof, next 
above the curb, shall be increased 4 inches in thickness, the upper 100 
feet remaining the same as specified for a wall of that weight. 

If walls are over 25 feet apart, the bearing-walls shall be 4 inches thicker 
than above specified for every 124% feet or fraction thereof that said walla 
are more than 25 feet apart. { 

Strength of Floors, Roofs, and Supports. ; 
Floors calculated.to bear: 
safely per sq. ft., in addition 
to their own weight, 
floors of dwelling, tenement, apartment-house or hotel, not 5 


NSB SIUNAN rapist asijes de posioe ante sbtenied Wdplnabeere ae desjeane 70 lbs 
Floors of office-building, not less than.... ... eiies Seater (8. eis 
$e public-assembly building, not less than.... 120 * 
store, factory, wurehouse, ete., not less than.. 150 “ 


Roofs of all buildings, not less than..........- ...-csecesccove 50 


‘Every floor shall be of sufficient strength to bear safely the weight to be 
imposed thereon, in addition to the weight of the materials of which the 
floor is composed. ; 

Columns and Posts,—The strength of all columns and posts shall 
be computed according to Gordon’s formule, and the crushing weights in 
pounds, to the square incl. of section, for the following-named materials, 
shall be taken as the ccefficierts in said formule, namely: Cas‘ iron, 80,000; 


* The limitations of space fovbit any extended treatment of this subject, 
Much valuable information upon it will be found in Trautwine’s Civil Engi- 
‘neer’s Poeket-book, and in Kidder’s Architect’s an | Builder’s Pocket-book. 
‘The latter in its preface mentions the following works of reference: ‘‘ Notes 
on Building Construction,” 3,vols., Rivingtons, publishers, Boston; ‘‘Building 
‘Superintendence,” by T. M. Clark (J. R. Osgood & Co., Boston.); ‘‘The 
American House Carpenter,” by R. G. Hatfield; ‘* Graphical Analysis of 
‘Roof-trusses,” by Prof. C. E. Greene; ‘‘ The Five Protection of Mills,” by C. 
J. H. Woodbury; *“‘House Drainage and Water Service,” by James C. 
‘Bayles; “ The ider’s Guide and Estimator’s Price-book,”’ and “‘ Plaster- 


‘ing Mortars and Cements,”’ by Fred. T. Hodgson; ‘‘Foundations and Con- 
ierete Works,” and “Art » by E. Dobson, Weale’s Series, London. 
¥. ““Frouse Drainage and Water Service,” by James uv 


¥. H. Woodbury; 5 

vice: “The Builder's Guide and Hstimator’s Price-book,” and ‘‘ Plaster- 
‘mg Mortars and Cements,” by Fred. T. Hodgson; “ Foundations and Con- 
‘erete Works.” and ‘‘ Art of Building.” by E Dobson. Weale’s Series, London, 
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wrought or rolled iron, 40,000; rolled steel, 48,000; white pine and spruce, 
8500; pitch or Georgia pine, 5000; American oak, 000, The breaking strength 
of wooden beams and girders shall be computed according to the formulee 
in which the constants for transverse strains for central load shall be as 
follows, namely: Hemlock, 400; white pine, 450; spruce, 450; pitch or Georgia 
pine, 550; American oak, 550; and for wooden beams and girders carrying a 
uniformly distributed load the constants will be doubled. The factors of 
safety shall be as one to four for all beams, girders, and other pieces subject 
to a transverse strain; as one to four for all posts, columns, and other 
vertical supports when of wrought iron or rolled steel; as one to five for 
other materials, subject to a compressive strain; as one to six for tie- 
rods, tie-beams, and other pieces subject to a tensile strain. Good, solid, 
,; natural earth shall be deemed to safely sustain a load of four tons to the 
superficial foot, or as otherwise determined by the superintendent of build- 
ings, and the width of footing-courses shall be at least sufficient to meet this 
requirement. In computing the width of walls, a cubic foot of brickwork 
shall be deemed to weigh 115 lbs. Sandstone, white marble, granite, and 
other kinds of building-stone shall deemed to weigh 160 lbs, per cubic foot. 
The safe-bearing load to apply to good brickwork shall be taken at 8 tons 
per euperice! foot when good lime mortar is used, 11}4 tons per superficial 
foot when good lime and cement morta: mixed is used, and 16 .ons per sup- , 
erficial foot when good cement mortar is used. ‘ 

Fire-proof Buildings—Iroa and Steel Columns,.—aAll cast- 
iron, wrought-iron, or rolled-steel columns suall be made true and smooth 
at both ends, and shall rest on iron cr s.eel bed-plates, and have iron or 
steel cap-plates, which shall also be made truc. All iron or steel trimmer- 
beams, headers, and tail-beams shall be suitably framed and connected to~ 
gether, and the iron girders, columns, beams, trucses, and all other ironwork 
of all floors and roofs shall be strapped, bolted, anchored, and connected to- 
gether, and to the walls, in a strong and substantial manner, Where beams 
are framed into headers, the angle-irons, which are bolted to the tail-beams, 
shall have at Jeast two bolts for all beams over 7 inches in depth, and three 
bolts for all beams 12 inches and over in depth, and these bolts shall not b3 
less than 34 inchin diameter, Each one of such angles or knees, when bolte\ 
to girders, shall have the same number of bolts as stated for the other leg, 
The angle-iron in no case shall be less in thickness than the header or trim~ 
mer to which it is bolted, and the width of angle in no case shal! be less than 
one third the depth of beam, excepting that no angle-knee shall be less taan 
216 inches wide, nor required to be more than 6 inches widc. All wrought. 
iron or rolled-steel beams 8 inches deep and under shall have bearings equal 
to their depth, if resting on a wall; 9 to 12 inch beams shall have a bearing 
of 10 inches, and all beams more than 12 inches in depth shall have bearings 
of not less than 12 inches if resting on a wall. Where beams rest on iron 
supports, and are properly tied to the same, no greater bearings shall be re- 

uired than one third of the depth of the beams. Iron or steel floor-beams 
shall be so arranged as to spacing and length of beams that the load to be 
supported by them, together with the weights of the materials used in the 
construction of the said floors, shall not cause a deflection of the said beams 
of more than 1/30 of an inch per linear foot of span; and they shall be tied 
together at intervals of not more than eight times the depth of the beam. 

Under the ends of all iron or steel beams, where they rest on the walls, a 
stone or cast-iron template shall be built into the walls. Said template shall 
be 8 inches wide in 12-inch walls, and in all walls of greater thickness said 
template shall be 12 inches wide; and such templates, if of stone, shall not be 
in any case less than 2!4 inches in thickness, and no template shall be less 
than 12 inches long. 

No cast-iron post or column shall be used in any building of a less average 
thickness of shaft than three quarters of an inch, nor shall it have an un- 
supported length of more than twenty times its least lateral dimensions or 
diamneter. No wrought-iron or rolled-steel column shall have an unsupported 
length of more than thirty times its least lateral dimension or diameter, nor 
shall its metal be less than one fourth of an inch in thickness, 

Lintels, Bearings and Supports.—All iron or steel lintels shall 
have bearings proportionate to the weight to be imposed thereon, but no 
lintel used to span any opening more than 10 feet in width shall have a bear- 
ing less than 12 inches at each end, if resting on a wall; but if resting on an 
iron post, such lintel shall have a bearing of at least 6 inches at each end, 
by the thickness of the wall to be supported : i 

Strains on Girders and Rivets.—Rolled iron or steel beam gir- 


\ STRENGTH OF FLOORS. 1021 


a 
fiers, or riveted iron or steel plate girders used as lintels or as girders, 
earrying a wall or floor or both, shall be so proportioned that the loads 
\which may come upon them shall not produce strains in tengion or com- 
pression upon the flanges of more than 12,000 lbs, for iron, nor more than 
115.000 lbs. for steel.per square inch of the gross section of each of such 
flanges, nor a shearing strain upon the web-plate of more than 6000 lbs. per 
‘square inch of section of such web-plate, if of iron, nor more than 7000 
pounds if of steel; but no web-plate shall be less than 34 inch in 
thickness. Rivets in plate girders shall not be less than 5g inch in diameter, 
‘and shall not be spaced more than 6 inches apart in any case. They shall be 
so spaced that their shearing strains shall not exceed 9000 lbs. per square 
‘inch, on their diameter, multiplied by the thickness of the plates through/ - 
‘which they pass, The riveted plate girders shall be proportioned upon the 
‘supposition that the bending or chord strains are resisted entirely by the 
upper and lower fianges, and that the shearing strains are resisted entirely 
‘by the web-plate. No part of the web shall be estimated as flange area, nor 
more than one half of that portion of the angle-iron which lies against the 
web. The distance between the centres of gravity of the flange areas will 
be considered as the effective depth of the girder. 

The building laws of the City of New York contain a great amount of de- 
tail in addition to the extracts above, and penalties are provided for viola- 
tion. See An Act creating a Department of Buildings, ete., Chapter 275, 
Laws of 1892. Pamphlet copy published by Baker, Voorhies & Co., New 


York. 
MIAXIMUN LOAD ON FLOORS, 

(Eng’g, Nov. 18, 1892. p. 644.)—Maximum load per square foot of floor 
surface due to the weight of a dense crowd, Considerable variation is 
ee parent in the figures given by many authorities, as the following table 
shows: 


5 f Weight of Crowd, 
Authorities. lbs, per sq. ft. 
French practice, quoted by Trautwine and Stoney .......... 41 
Hatfield (‘* Transverse Strains,”’ p. 80)............ Pees : 70 
Mr. Page, London, quoted by Trautwine........ Rare 84 
Maximum load on American highway bridges according to 
Waddell’s general specifications... ... nukes cecaisesavenace 100 


Mr. Nash, architect of Buckingham Palac “5 
Experiments by Prof. W. N. Kernot, at Melbourne ..... .... 443.1 


“B89 Set liale ls by Mr. B. B. Stoney (‘‘ On Stresses,” p. 617) ... 147.4 

The highest results were obtained by crowding a number of persons pre- 
viously weighed into a small room, the men being tightly packed so as to 
resemble such a crowd as frequently occurs on the stairways and platforms 
of a theatre or other pnblic building. 


STRENGTH OF FLOORS. 


(From circular of the Boston Manufacturers’ Mutual Insurance Co.) 
' The following tables were prepared by C. J. H. Woodbury, for determining 
safe loads on floors. Care shoul’ be observed to select the figure giving the 
zreatest possible amount and concentration of load as the one which may 
be put upon any beam or set of floor-beams; and in no case should beams be 
subjected to greater loads than those specified, unless a lower factor of 
safety is warranted under the advice of a competent engineer, 

Whienever and wherever solid beams or heavy timbers are made use of in 
the construction of a factory or warehouse, they should not be painted, var- 
nished or oiled, filled or encased in impervious concrete, air-proof plastering, 
or metal for at least three years, lest fermentation should destroy them by 
what is called “dry rot.” : 

It is, on the whole, safer to make floor-beams in two parts, with a small 
open space between, so that proper ventilation may be secured, even if the 
outside should be inadvertently painted or filled. : 

These tables apply to distributed loads, but the first can be used fn respect 
to floors which may carry concentrated loads by using half the aoe, given 
in the table, since a beam will bear twice as much load when evenly distrib- 
coe bad its length as it would if the load was concentrated in the centre 
of the span. 

The weight of the floor should be deducted from the figure given in the 
table, in order to ascertain the net load which may be placed upon any floor, 
The weight of spruce may be taken at 36 Ibs. per cubic foot, and tbat of 
Southern pine at 48 lbs, per cubic foot, os , 
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Table I was computed upon a working modulus of rupture of Southern 


pine at 2160 lbs., using a factor of safety of six. It can also be applied ta 
ascertaining the strength of spruce beams if the figures given in the table 
are multiplied by 0.78; or in designing a floor to be sustained by spruce 
beams, multiply the required load by 1.28, and use the dimensions as given 
by the table. \1 
Theses tables are computed for beams one inch in width, because the 
strength of beams increases directly as the width when the beams are broad 
enough not to cripple. i 
EXAMPLE.—Required the safe load per square foot of floor, which may be 
safely sustained by a floor on Southern pine 10 x 14 inch beains, 8 feet on 
centres, and 20 feet span. In Table I a1 x 14 inch beam, 20 feet span, will 
sustain 118 lbs. per foot of span; and for a beam 10 inches wide the load 
would be 1180 lbs. per foot of span, or 1474 lbs. per square foot of floor for 
Southern-pine beams. From this should be deducted the weight of the floor, 
which would amount to 1744 Ibs. per square foot, leaving 130 lbs. per square 
foot as a safe load to be carried upon such a floor, If the beams are of 
spruce, the result of 14744 Ibs. would be multiplied by 0.78, reducing the load 
to 115 lbs, The weight of the floor, in this instance amounting to 16 lbs., 
would leave the safe net load as 90 Ibs. per square foot for spruce beams, 


Table II applies to the design of floors whose strength must be in excess _ 


of that necessary to sustain the weight, in order to meet the conditions of 
delicate or rapidly moving machinery, to the end that the vibration or dis- 
tortion of the floor may be reduced to the least practicable limit. : 

In the table the limit is that of load which would cause a bending of the 
beams to a curve of which the average radius would be 1250 feet, 

This table is based upon a modulus of elasticity obtained from observa- 
tions upon the deflection of loaded storehouse floors, and is taken at 2,000,000 
Ybs. for Southern pine; the same table can be applied to spruce, whose 
modulus of elasticity is taken as 1,200,000 lbs., if six tenths of the load for 
Sonthern pine is taken as the proper load for spruce; or, in the matter of 
designing, the load should be increased one and two thirds times, and the 
dimension of timbers for this increased load as found in the table should be 
used for spruce. 

It can also be applied to beams and floor-timbers which are supported at 
each end and in the middle, remembering that the deflection of a beam 
supported in that manner is only four tenths that of a beam of equal span 
which rests at each end; that is to say, the floor-planks are two and one 
half times as stiff, cut two bays in length. as they would be if cut only one 
bay in length. When a floor-plank two. bays in length is evenly loaded, 
three sixteenths of the load on the plank is sustained by the beam at each 
end of the plank, and ten sixteenths by the beam under the middle of the 
plank; so that for a completed floor three eighths of the load would be sus- 
tained by the beams under the joints of the plank, and five eighths of the load 
by the beams under the middle of the plank: this is the reason of the impor- 
tance of breaking joints in a floor-plank every three feet in order that each 
beam shall receive an identical load. If it were not so, three eighths of the 
whole load upon the floor would be sustained by every other beam, and five 
eighths of the load by the corresponding alternate beams. 

Repeating the former example for the load on a mill floor on Southern- 
pine beams 10 x 14 inches, and 20 feet span, laid 8 feet on centres: In'Table 
ILa1 x 14inch beam should receive 61 Ibs. a foot of span, or 75 lbs. per 
(Sq. ft. of floor, for Southern-pine beams. De ucting the weight of the floor, 
1746 lbs. per sq. ft., leaves 57 Ibs. per sq. ft. as the advisable load. 

if the beams are of spruce, the result of 75 lbs. should be multiplied by 0.6, 
reducing the load to 45 lbs. The weight of the floor, in this instance amount- 
a 3 to 16 lbs., would leave the net load as 29 lbs. for spruce beams. 

f the beams were two spans in length, they could, under these conditions, 
support two and a half times as much load with an equal amount of defiec. 
tion. unless such load should exceed the limit of safe load as found by Table 
I, as would be the case under the conditions of this problem. 

Mill Columms,.—Timber posts offer more resistance to fire than iron 
pillars, and have generally displaced them in millwork. Experiments 
made on the testing-machine at the U. S. Arsenal at Watertown. Mass., 
show that sound timber posts of the proportions customarily used in mill- 
work yield by direct crushing, the strength being directly as the area at the 
smallest part. The columns yielded at about 4500 Ibs. per square inch, con- 
firming the general practice of allowing 600 lbs. per square inch, as a safe 


load. ware columns are one fourth stronger than round ones of the same e 


meter, 
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I. Safe Distributed Loads upon Southern=pine Beams 
One Inch in Width- 


(C. J. H. Woodbury.) 


(if the load is concentrated at the centre of the span, the beams will sus: 
tain half the amount as given in the table.) 
et 


Depth of Beam in inches. 
2{e|4[5]e[7|[s|o || 1] 12] 13] 14 | 15 | 16 
Load in pounds per foot of Span. 


38 | 86 | 154) 240) 346) 470) 614) 778) 960 
27 | 60 | 107] 167} 240} 827] 427) 540) 687) 807’ 


ee oof Span, feet. 


(C. J. H. Woodbury.) 


Depth of Beam in inches, 


3 gy 
elsl4isiele]s| || a] 2] 13] 14] | EE 
a Load in pounds per foot of Span. an 
7S |B) 40) 23) 44) 77) 122) 182) 250 70300 

53 0432 
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ELECTRICAL ENGINEERING. 


STANDARDS OF MEASUREMENT. 


©.G.S. (Centimetre, Gramme, Second) or ** Absolute? 
System of Physical Weasurements: 


Unit of space or distane = 1 centimetre, cm.; 
Unit of mass ’ = 1 gramme, gm.; 
Unit of time = 1 second, s.; 


Unit of velocity = space + time = 1 centimetre in 1 second; 
Unit of acceleration = change of 1 unit of velocity in 1 second; 
Acceleration due to gravity, at Paris, = sir wormelres in 1 second; 


Unit of force = 1 dyne = .— gramme = = Tb. = .000002247 Ib. 


981 


A dyne is that force which, acting on a mass of one gramme during one 
second, will give it a velocity of one centimetre per second. The weight of 
one gramme in latitude 40° to 45° is about 980 dynes, at the equator 973 dynes, 
and at the poles nearly 984 dynes. Taking the value of g, the acceleration 
due to gravity, in British measures at 32.185 feet per second at Paris, and the 
metre = 39.37 inches, we have 


1 gramme = 82.185 X 12 + .3937 = 981.00 dynes. 


Unit of work =1erg = 1dyne-centimetre = .00000007373 foot-pound 3; 
Unit of power = 1 watt = 10 million ergs per second, 
ae foot pay per second, 

550 = 746 of 1 horse-power = .00134 H.P. 

C.G.S. Unit of magnetism = the quantity which attracts or repels an 
equal quantity at a centimetre’s distance with the force of 1 dyne. 

C.G:S. Unit of electrical current = the current which, flowing through a 
length of 1 centimetre of wire, acts with a force of 1 dyne upon a unit of 
magnetism distant 1 centimetre from every point of the wire, The ampere, 
the commercial unit of current, is one tenth of the C.G.S. unit. 

The Practical Units used in Electrical Calculations are: 

Ampere, the unit of current strength, or rate of flow, represented by J. 

Volt, the unit of electro-motive force, electrical pressure, or difference of 
potential, represented by Z£. 

Ohm, the unit of resistance, represented by R. 

Coulomb (or ampere-second), the unit of quantity, Q. 

Ampere-hour = 3600 coulombs, Q’. 

Watt (ampere-volt, or volt-ampere), the unit of power, P. 

Joule (volt-coulomb), the unit of energy or work, W. 

Farad, the unit of capacity, represented by C. 

Henry, the unit of inductance, represented by L. 

Using letters to represent the units, the relations between them may be 
peprenced by the following formule, in which ¢ represents one second and 

one hour: 


"ll 


E 
= Q@=%, @=I0, c= 2. 

As these relations contain no coefficient other than unity, the letters may 
represent any quantities given in terms of those units. For example, if # 
represents the number of volts electro-motive force, and R the number of 
ohms resistance in a circuit, then their ratio H + R will give the number of 
amperes current strength in that circuit. 

‘he above six formule can be combined by substitution or elimination, 

go as to give the relations between any of the quantities, The most impor- 
tant of these are the following : 


W=QE, P=IE. 


Ez ef, Hi? ; 
Q=R C= Eo W= [kt = —t = [Rt = Pt, 


Es IR, R=4, =— =2R 
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The definitions of these units as aaopted at the International Electrical 

_ Congress at Chicago in 1893, and as established by Act of Congress of the 

_ United States, July 12, 1894, are as follows: 

. The ohm is substantially equal to 10° (or 1,000,000,000) units o2 resistance 
of the C.G.S. system, and is represented by the resistance offered to an ur- 
varying electric current by a column of mercury at 82° F., 14.4521 grammes 
in Bess of a constant cross-sectional area, and of the length of 106.3 centi- 

“metres. 

_ The ampere is 1/10 of the unit of current of the O.G.S. system, and is the 
practical equivalent of the unvarying current which when passed through 

-asolution of nitrate of silver in water in accordance with standard speci- 

' fications deposits silver at the rate of .001118 gramme per second. 

The volt is the electro-motive force that, steadily applied to a conductor 
whose resistance is one ohm, will produce a current of one ampere, and is 
practically Eeteient to 1000/1434 (or .6974) of the electro-motive force be- 
tween the poles or electrodes of a Clark’s cell at a temperature of 15° C., 

and prepared in the manner described in the standard specifications, 

The coulomb is the quantity of electricity transferred by a current of one 

' ampere in one second. Y 

The farad is the capacity of a condenser charged to a potential of one 
volt by one coulomb of electricity. 

_ The joule is equal to 10,000,000 units of work in the C.G.8. system, and is 

kaguically: equivalent to the energy expended in ons second by an ampere 

n an ohm. 

The watt is equal to 10,000,000 units of power in the C.G,S. system, and is 
“practically equivalent to the work done at the rate of one joule per second. 

The henry is the induction in a circuit when the electro-motive force in- 
duced in this circuit is one volt, while the inducing current varies at the rate 
of one ampere per second. 

The ohm, volt, etc., as above defined, are called the ‘‘international ” ohm, 
volt, etc., to distinguish them from the ‘* legal” ohm, B.A. unit, ete. 

The value of the ohm, determined by a committee of the British Associa- 
tion in 1863, called the B.A. unit, was the resistance of a certain piece of 
copper wire: The so-called ‘‘legal’’ ohm, as adopted at the International 
Congress of Electricians in Paris in 1854, was a correction of the B.A, unit, 
and was defined as the resistance of a column of mercury 1 square millimetre 
im section and 1€6 centimetres long, at a temperature of 82° 

* 1 legal ohm = 1.0112 B.A. units, -1 B.A. unit = 0,9889 legal ohm; 

1 international ohm = 1.0136 ‘“* “* 1“ ‘ = 0.9866 int. ohm; 

1 “6 * = 1,0023 legal ohm, 1 legalohm = 0.9977 ‘“* “ 


DrRIvED UNITS, 


1 megohm = 1 million ohms}; 

1 microhm = 1 millionth of an ohm; 
1 milliampere = 1/1000 of an ampere; 
1micro-farad = 1 millionth of a farad. 


RELATIONS OF Various UNITS. 


seeeeseees = 1 coulomb per second; 

weessess = 1 watt = 1 volt-coulomb per second; 

, = .7373 foot-pound per second, 

A wWatt.....ce.ccsceveesesees--4 = -0009477 heat-units per second (Fahr.), 
= 1/746 of one horse-power}; 

4 = .7873 foot-pound, 

‘Lgoule...,......0. .e.+2-++5--4 = Work done by one watt in one second, 

ee = .0009477 heat-unit; 

‘1 British thermal unit ........ = 1055.2 joules; 

‘I kilowatt, or 1000 watts..... = 1000/746 or 1.3405 horse-powers; 

1 kilowatt-hour, = 1.3405 horse-power hours, 


‘lampere...... 
1 volt-amper 
’ 


1000 volt-ampere hours, = 2,65 fa foot-pounds, 

‘1 British Board of Trade unit, ( = 3412 heat-units; 

6 = 746 waits = 746 volt-amperes, 
A BOMSe-POWET: =. .0+4-402+->++ = 33,000 foot-pounds per minute. 


nd yolt are defined in terms of one another as follows: 
Dim. Vege ane of a conductor through which a current of one ampere 
| will pass when the electro-motive force is one volt, Ampere, the quantity 
of current which will flow through a resistance ot one ohm when the electro- 
“motive force is one volt. Volt, the electro-motive force required to cause & 
gurrent of one ampere to flow through a resistance of one ohm, 
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| Units of the Magnetic Cireuit.—(See Hlectro-magnels, page 1052 
| For Methods o making Electrical Measuremen ie means 
» ete., see Munroe & Jamieson’s Pocket-Book of Hlectrical Rules, 
fables, and Data; S. P. Thompson’s Dynamo-Electric Machinery; Carhart & 
atterson’s Electrical Measurements; and works on Electrical Engineering. 
Equivalent Electrical and Mechanical Units.—H. Ward 
eonard published in The Hlectrical Engineer, Feb, 25, 1895, a table of useful 
F eee ents of electrical and mechanical units, from which the table on page 

6 is taken, with some modifications. 


ANALOGIES BETWEEN THE FLOW OF WATER AND 
i ELECTRICITY. 
i : WATER. ELECTRICITY. ‘ 
Head, difference of level, in feet. Volts; electro-motive force; differ- 
jifference of pressure, lbs. per sq. in. ence of potential; E. or E.M.F. 
sistance of pipes, apertures, etc., 
increases with length of pipe, with 
Eye contractions, roughness, etc.; de- 
creases with increase of sectional 


Ohms, resistance, R. Increases di- 
rectly as the length of the conductor 
or wire and inversely as its sectional 
area, Rol +s. It varies with the 
nature of the conductor. 

Amperes; current; current strength; 
intensity of current; rate of flow; 
1 ampere = 1 coulomb per second, 


area. 
we of flow, as cubic ft. per second, 


gallons per minute, etc., or voluine 
divided by the time. In the mining 
egions sometimes expressed in yolts | T= Ez. E=IR 
miners’ inches.” Ohms. aR ee 
antity, usually measured in a Coulomb, unit of quantity, Q, = rate — 


Amperes = 


r * =, 
"ft. or gallons, but is also equivalent | ~ Op qow X time, as am * d 
s 4 : r ' pere-seconds. 
to rate of flow x time, as cu. ft. per {1 ampere-hour = 3600 coulombs. 


second for so many hours. 
eu f i Joule, volt-coulomb, W, the unit of 
| Work, or energy, measured in foot-| “Vor. 2 product of quantity by the 


| pounds; product of weight of fall-|  ejectro-motive force =volt-ampere- 
second, 1 joule =.7373 foot-pound, 


| ing water into height of fall; in 

pumping, product of quantity in} 1 © (amperes) = rate of flow, and 
cubic feet into the pressure in lbs. | ~ 7 (volts) = difference of pressure 
‘per square foot against which the} jetween two points in a circuit, 
water is pumped. energy expended = I#t, = I?Rt. 


ower, rate of work. Horse-power =) watt, unit of power, P, = volts X 
t.-lbs. of work in 1 min. + 33,000.) “amperes, = eee or rate of flow 
n water flowing in pipes, rate of % difference of potential. 
low in cu, ft, per ‘second x resist- 1 watt = .7373 foot-pound per second 
ance to the flow in lbs. per sq. ft. = 1/746 of a horse-power. 


a 


ELECTRICAL RESISTANCE. 


' Laws of Electrical Resistance.—The resistance, R, of any con- 
ductor varies directly as its length, J, and inversely as its sectional area, s, 
rRol+s. oe oe 

Tf y = the resistance of a conductor 1 unit in length and 1 square unit in 
=rl+s, The common unit of length for electrical caleu- 
lish measure is the foot, and the unit of area of wires is the 
the area of a circle 0.001 in. diameter. 1 mil-foot = 1 foot 

1 cire.-mil area. = P P 
Bcistance of 1 mil-foot of soft copper wire at 51° F. = 10 international 


XAMPLE.—What is the resistance of a wire 1000 ft. Tong, 0.1 in. diam.? 
1 in. diam. = 10,000 cire. mils. 

2 R=71l+s = 10 x 1000 + 10,000 = 1 ohm, 
pecific resistance, also called resistivity, is the resistance of a material of 


nd section as compared with the resistance of soft copper. 
Ge is the reciprocal of specific resistance, or the relative con- 


eting power compared with copper taken at 100., 
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Relative Conductivities of Different Metals at 0° and 
100° ©. (Matthiessen.) 


Conductivities. Conductivities. 
Metals. At 0°C. /At 100° C. Metals. At 0°C. |At 100°C 
Bagh eal ORL ian) Pad + 82°F | + 212° R 
Silver, hard...... 100 71.56 | Tin... 12.36 8.67 
Copper, hard.... 99.95 70.27  Lead.. aya 8.32. 5.86 
Gold, hard.......) 77.96 55.90 | Arsenic......... 4.76 3.33 
Zinc, pressed.... 29.02 20.67 | Antimony. ..... 4.62 3.26 
Cadmium.... .. 23.72 16.77 Mercury, pure.. BAG a pre Gr 
Platinuny, soft... TRO Vecnsac tr. Bismuth .. ...... 1.245 0,878 
Iron, soft ..-.. 16 SRO GE en tenon & 


Electrical Conductivity of Different Metals and Alloys. 
The following figures of electrical conductivity are given by Lazare Weiler 


Pure silver....... Swedish iron......... es eae i 
Pure copper. Pure-Banca tin? ...... 3a. ae 15.45 
Telegraphic silicious . 9 Aluminum bronze (102)... sae 
Alloy of 14 copper, 14 silver.. 86.65 | Siemens steel...............--- 12 
UNG COMM. s siees ow aeamablcr' as Satie} Pure platinum.... .......: re OU) 
Silicide of copper, 4% Si....... 75 Copper with 10% of nickel..... 10.6 
Telephonic silicious bronze... 35 Puredeadin. ict oo ii Sis Pe BBS 
Pure zinc........ SASCAC HA BAe ++ 29.9 | Bronze with 20% of tin......... 8.4 © 
Brass with 35% of zine. wn edo) ¢| UREA ACKELED. Ny anemone et 7.89 
Phosphor tin....... .......... 147.7 | Phosphor-bronze, 10% tin... .. 6.5 
Alloy of 4% gold, 14 silver..... -- 16.12 | Autimony............ viene wees SeSO am 


" Conductivity of Aluminum.—J. W. Richards (Jour. Frank. Inst., — 
Mar. 1897) gives for hard-drawn aluminum of purity 98.5, 99.0, 99.5, and 99.75% 
respectively a conductivity of 55, 59, 61, and 63 to 64%, copper being 100%. 
The Pittsburg Reduction Co. claims that its purest aluminum has a con- 
ductivity of over 64.5%. (ng’g News, Dec. 17, 1896.) $ 
German Silver.—The resistance of German silver depends onitscom- _ 
position. Matthiessen gives it as nearly 13 times that of copper, with a tem- _ 
perature coefficient of .0004433 per degree C. Weston, however (Proc. 
Electrical Congress 1893, p. 179), has found copper-nickel-zine alloys (German ~ 
silver) which had a resistance of nearly 28 times that of copper, and a tem. 
perature coefficient of about one half that given by Matthiessen. ‘ 


Conductors and Insulators in Order of their Value, 


CONDUCTORS. INSULATORS (NON-CONDUCTORS). 
All.metals Dry air Khonite 
Well-burned charcoal Shellac Gutta-percha 
Plumbago Paraffin India-rubber * 
Acid solutions Amber Silk 

Saline solutions Resins Dry paper 
Merallic ores Sulphur Parchment 
Avimal fluids Wax Dry leather 
Living vegetable substances Jet Porcelain. 
Moist earth ‘Glass Oils 

Water Mica 


According ty Culley, the resistance of distilled water is 6754 million times 
as Len” ar=st of copper. Impurities in water decrease its resistance. 
eve ss.ce Varies with Temperature,—For every degree Cen- | 
igr oesistance of copper increases about 0.4%, or for every degree F. _ 

0.22222. éus a piece of copper wire having a resistance of 10 ohms at 82° 
would hayé a resistance of 11.11 ohms at 82° F, ze 
The following table shows the amount of resistance ¢f a few substances 
used for various electrical purposes by which 1 oli is increased by a rise of 

temperature of 1° C. 
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PRAHENG ge oe odin cine ope Sue 00021 | Gold, silver........ 
Platinupy silver................ 00081 | Cast iron... 
‘German silver (see aboye)..... .00044| Copper ..........-- 


Annealing.—Resistance is lessened by annealing. Matthiessen gives 
‘the following relative conductivities for copper and silver, the comparison 
being made with pure silver at 100° C.: 


Metal. _ Temp, C. Hard. Annealed. Ratio. 
Clo) ool) Uae eRe abi 95.31 97.83 1 to 1.027 
MLV OMe os oc bai - 14,6° 95.36 103.83 1 to 1,084 


+ Dr. Siemens compared the conductivities of copper, silver, and brass with 
the following results. Ratio of hard to annealed; 


‘Copper........ 1 to 1.058 Silver....... 1 to 1.145 Brass....... 1 to 1,180 


Standard of Resistance of Copper Wire. (Trans. A.I. E.E., 
‘Sept. and Nov. 189..)—Matthiessen’s standard is: A hard-drawn copper wire 
1 metre long, weighing 1 gramune, has a resistance of 0,1469 B.A, unit at 0° C, 
‘Relative conducting power (Matthiessen); silver, 100; hard or unannealed 
i per, 99.95; soft or annealed copper, 102.21. Conductivity of copper at 
/other temperatures than 0° C., C, = C,(1 — .00387¢ ++ .000009009¢?), 


_The resistance is the reciprocal of the conductivity, and is 
; Ry = Ro(t + .00387¢ +- .00000597#2). 
The shorter formula R; = R(t + .004062) is commonly used. 


A committee of the Am. Inst. Electrical Engineers recommend the tollow- 
ling as the most correct form of the Matthiessen standard, taking 8.89 as the 
isp. gr. of pure copper: 

- A soft c#pper wire 1 metre long and 1 mm, diam. has an electrical resist- 
jance of .02057 B.A. unit at 0° C. From this the resistance of a soft copper 
‘wire 1 foot long and .001 in, diam, (mil-foot) is 9.720 B.A. units at 0° C. 


Standard Resistance at0°C. B.A. Units. Legal Ohms, Tternat. 


vé 2-millimetre, soft copper......... .02057 02024 02029 
ubie centimetre ‘‘ Bee ee «. _.000001616 -000001598 000001593 
; (3 9.720 9.612 9.590 


fil-foot E i: 
i mil-foot, of soft copper at 10°.22 C. or 50°.4 F... 10 9.97 
at Dee sees $e z 6159.5. “  §9°.9 F 10.20 10.175 
PA eee: Os S¢ 28°.9 bcheer (Saat GPRS act 6 10,505 


- For ore of the resistance of copper wire, see pages 218 to 220, also 


ipp. 1034, ® 

"faking Matthiessen’s standard of pure copper as 100%, some refined metal 
thas exhibited an electrical conductivity equivalent to 103%. 

Matthiessen found that impurities in copper sufficient to decrease its 
density from 8.94 to 8.90 produced a marked increase of electrical resistance, 
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‘ 
Ohms Law.—This law expresses the relation between the three fun 
Samental units of resistance, electrical pressure, and current. Itis: 


‘Current = See : eC ig cep whence H=JR, and R= pa 
resistance R Vf 
In terms of the units of the three quantities, 
volts — fl i _ _ volts 
_ Amperes = snag volts = amperes X ohms; ohms = aniperes" 


_Examptes: Simple Circuits.—1. If the source has an effective electrical 
jeressure of 100 volts, and the resistance is two ohms, what is the current ? 
i 100 

I=Z = 50 amperes, 
A 2. What ressure will give a current of 50 amperes through a resistance or 
ohms ? D IR = 50 x 2 = 100 volts. x 2 
3. What resistrnce is required to obrain a current of 50 amperes when the 
ressure is 100 volts? R= H+ 1= 100+ 50=—2 ohms. 


~Obm's law applies equally to a complete electrical circuit and te any 


Series Clreuits.—It conductors are arranged one after the other they 
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are said to be in series, and the total resistance of the circuit is the sum of 
the resistances of its several parts. Let A, Fig. 
170, be a source of current, such as a battery or 
generator, producing a difference of potential or 
E. M. F. of 120 volts, measured across ab, and let | 
the circuit contain four conductors whose resist- 
ances, 13, 19. 73, 74, are 1 ohm each, and three 
other resistances, B,, Ry, Rs, each2ohms. The 


b Ts 

in 3 total resistance is 10 ohms, and by. Ohm’s law 
Fie. 170. the current [= H-- R= 120 + 10 = 12 amperes. 
This current is constant throughout the circuit, and a series circuit 
is therefore one of constant current. The drop of potential in the 
whole circuit from a around to b is 120 volts, or H= RI, The drop in any 
portion depends on the resistance of that portion; thus from « to R, the re- 
sistance is 1 ohm, the constant current 12 amperes, and the drop 1 X 12 
= 12 volts. The drop in passing through each of the resistances Ry, Ry, Rs 

is 2 x 12 = 24 volts. 
Parallel, Divided, or Multiple Cireuits.—Let B, Fig. 171, be 
a generator producing an E. M. F’. of 220 volts across the terminals ab. The 
current is divided, so that part flows 
through the main wires ac and part 
through the “‘shunt”’ s, having a resist- 
ance of 0.5 ohm, Also the current has 
three paths between c and d, viz , through 
the three resistances in parallel R,, R,, Fs, 
of 2 ohms each. Consider that the resist- 
ance of the wires is so small that it may 
5 be neglected. Let the conductances of 
Fa. 171, the four paths be represented by Cs, Cj, 
Cy, Cs. The total conductance is Cs + Cy 
+0C,+ Cs = C and the total resistance R=1+C. The conductance of 
each path is the reciprocal of its resistance, the total conductance is the sum) 
of the separate conductances, and the resistance of the combined or “ par- 
allel’’ paths is the reciprocal of the total. conductance. 


seer pppilsade ty Weegee 
R=1+ (G5+ y+ y+y) =14+85 = 0.296 chm, 


The current I= E+ R = 770 amperes. i 
Conductors in Series and Parallel.—Let the resistances in| 
parallel be the same as in Vig. 171, with the additional resistance of 0.1 ohm 
in each of the six sections of the main wires, ac, bd, et¢., in series. The’ 
voltage across ab being 220 volts, determine the drop in voltage at the 
several points, the total current, and the current through each path. The 
Bevo is somewhat complicated. It may be solved as follows: Conside 
rst the points eg; here there are two paths for the current, e gi and eg. 
Find the resistance and the conductance of each and the total resistance 
(the reciprocal of the joint conductance) of the parallel paths. Next con: 
sider the points cd , here there are two paths—one through e and the othe? 
through cd. Find the total resistance as before. Finally consider the points 
ab ; here there are two paths—one through c, the other through s._ Find th 
conductances of eack and theirsum. The product of this sum and the volt 
age at ab will be the total rates of current, and the current through an 
pee will be proportional to the conductance of that path, The resistan 
, and conductances, C, of the several paths are as follows * 


: R Cc 
Ry of efRshg = 0.1 +12 +0.1 = 2.2 0.4545 
Ry, of eRag — 1 0.5 

Joint Re = 1,048 0.9545 
Ry of ce + dg + Ro = 1.248 0.8913 
Ro of cRyd =2 0.5 

Joint Rr = 0.7687 1.3013 
Rg of ac-+ bd + Rf = 0.9687 1.0332 
R,, of s = 05 2 


Joint Ra + Rp = 0.880 . 8.0382 ii 
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i Total current = 220 x 3.0332 = 667.3 amperes, 
a Current through 8 = 220x 2 = 440 amp.; through c = 287.3 amp. 
: cRyd = 27.3 x 0.5 + 1.3013 = 87.34 amp. 


mime ce * «7 ¢= 2273. x 0.8013 + 1.3018 = 130.96“ 
A ‘ “ eRag = 139.96 x 0.5 +-0.9545 = 73.81 “ 
f ‘ “6 fg = 189.96 x 0.4545 + 0.9545 = 60.65 “* 


_ The drop in voltage in any section of the line is found by thi 
|B = RI, B being the resistance of that section and J the cneraed A oe 
the R of each section is 0.1 ohm we find # for ac and bd each = 22.7 volts. 
for ce and dg each 14.0 volts, and for ef and gh each 6.67 volts. The voltage 
across cd is 220 — 2 x 22.7 = 174.6 volts; across eg, 174.6 — 2 x 14.0 = 146.1 
)and across fh 146.6 — 2 x 667 = 133.8 volts. Taking these voltazes and the 
sistances R,R,R;, each 2 ohms, we find from I= K+ Fk the current 
through each of these resistances 87.3, 73.3, and 66.65 amperes, as before. 
Internal Resistance.—In a simple circuit we have two resistances, 
‘that of the circuit R and that of the internal parts of the source of electro- 
‘ “motive force, called internal resistance, r, The formula of Ohm’s law when 
the internal resistance is considered is = # + (+ 1). 
i Power of the Cireuit.—The power, or rate of work, in watts = 
') current in amperes X electro-motive force in volts = Ix H, Since J= E+R, 
| watts = £2 R = electro-motive force? + resistance. 
| ExamMpLe.—What H.P. is required to supply 100 lamps of 40 ohms resist- 
ance each, requiring an electro-motive force of 60 volts ? 
Kr 2 


" The number of volt-amperes for each lamp is = = 70° 1 volt-ampere = 


ena ete ee SeE S 


2 
| 00134 H.P.; therefore * x 100 x .00134 = 12 H.P. (electrical) very nearly. 
| Electrical, Brake, and Indicated Horse-power.—The power 
given out by a dynamo = volts x amperes -+ 1000 = kilowatts, kw. Volts x 
mperes + 746 — electrical horse-power, B.H.P. The power put into a 
dynamo shaft by a direct-connected engine or other prime mover is called 
e shaft or brake horse-power, B.H.P. If e, is the efficiency of the 
namo, B.H.P.=E.H.P.+e. If eg is the mechanical efficiency of the 
the indicated horse-power, LH.P. = brake H.P. + eg = E.H.P. + 


( ) 
> If e, and e, each = 91447, LELP. = E.HLP. x 1.194 = kw. x 1.60. In direct- 
‘connected units of 250 kw. or less the rated H.P. of the engine is commonly 


Blectric motors are rated at the H.P. given o' 
of inotor = E.H.P. su plied + efficiency of motor. 

Heat Generated by 2 Current.—Joule’s law shows that the heat 
i is di i to its resistance; 2d, 


h; and 3d, to the time during which the 


E = —fL = — 
1Rt = GIRt = Elt = Ept=—y- 


, heat = current? x resistance x time 
j = electro-motive force < current < time 
= electro-motive force? X time + resistance, 
Se Bene of electricity flowing = It = (Ht + R). 
; or heat = electro-motive force X quantity. 


"The electro-motive force here is that causing the flow, or the difference in 


| potential between the ends of the conductor. 
" The electrical unit of heat, or ‘‘ joule” = 107 ergs = heat generated in one 
second by a current of 1 ampere fiowing through a resistance of one ohm = 
1239 gramme of water raised 1° GC. H= I?Rt X .239 gramme calories = 
Th loctric -o eal gee ioe current is converted into heat in the 
i i e energy 0 r q 
2 er id ng de great so that the required 


he resistance of the lamp is ma p 
Diese 1 be developed, while in the wire leading to and frona 


the resistance is made as small as is commercially practicable, so 
ittle energy 4S possible may, be wasted in heating the wire. | 

of Conductors. (From Kapp’s Electrical TransmissioD 

of great importance to determine before- 


hs 
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) 


If Lm = the distance in miles, and Ac the area in circular inches, 
Ac = 6405 PkLm + aK?. If As= area in square inches As = 5030 PxLm 
+ aE?. When the area in circular mils has been determined by either 
of these formule reference should be made to the table of Allowable Capacity 
of Wires, to see if the calculated size is sufficient toavoid overheating. Vor 
all interior wiring the rules of the National Board of Fire Underwriters should 
be followed. See Appendix to Vol. II of Crocker’s Electric Lighting. 
Weight of Copper for a Given Power.—Taking the weight of 
a mil-foot of copper at .000003027 lb.. the weight of copper in a circuit of 
length 2Z and cross-section A, in cire. mils, is 0.000006054LA Ibs., = W. 
Substituting for A its value 2160PL + al? we have 
W = 0.0130766PL2 + ak?; P in watts, LD in ft. 
W = 13.0766 Prl2 + aH?; Pk in kilowatts, L in ft. 
W = 364,556,000 PkL?m + aH2; Pk in kilowatts, Lm in miles. 


/ The weight of copper required varies directly as the power transmitted; 
inversely as the percentage of drop or loss; directly as the square of the 
distance; and inversely as the square of the voltage. 

From the last formula the following table has been calculated. 


WEIGHT OF COPPER WIRE TO CARRY 1000 KILOWATTS: WITH 10% Loss. 


Distance 
oailesl 1 5 10 20 50 100 
Volts. Weight in Ibs. 


500} 145,822 | 3,645,560 
911,390 | 3,645,560 
227,848] 911,390 | 3,645,560 


5,000 1,458 36,456} 145,822] 593,290 | 3,645,560 
10,000 365 9,114 36,456] 145,822} 911,390] 3,645,560 
20,000 91 2,278 9,114 36,456 | 227,848 911,390 
40000) 5 ao Soi seine 570 2,278 9,114 56,962 227 848° 
CE OOO) | Siceven pte pel suayeleraepsneute 1,013 4,051 25,316 101,266 


In calculating the distance, an addition of about 5 per cent should be 
made for sag of the wires. 


Short-circuiting.—From the law I = zg it is seen that with any 


pressure E,the current J will become very great if Ris made very small. In 
short-cireuiting the resistance becomes small and the current therefore 
great. Hence the dangers of short-circuiting a current. 

Eeonomy of Electric Transmission.—Lord Kelvin's rule for 
the most economical section of conductor is that for which the annual 
interest on capital outlay is equal to the annual cost of energy wasted. 

Tables have been compiled by Professor Forbes and others in accordance 
with modifications of this rule. For a given entering horse-power the ques- 
tion is merely one as to what current density, or how many amperes per 

«square inch of conductor, should be employed. Kelvin’s rule gives about 
393 amperes per square inch, and Professor Forbes’s tables give a current 
' density of about 380 amperes per square inch as most economical. 

Bell (Electric Transmission of Power) shows that while Kelvin’s rule cor- 
rectly indicates the condition of minimum cost in transmission for a given 
current and line, it omits many practical considerations and is inapplicable 
to most power transmission work. Each plant has to be considered on its 
merits and very various conditions are cane to determine the line loss in 
different cases. Several cases are cited by Bell to show that neither Kel- 
vVin’s law nor any modification of it is a safe guide in determining the proper 
allowance for loss of energy in the line. 

Wire Tables.—The tables on the following page show the relation 
between load, distance, and ‘‘drop” or loss by voltage in a two-wire circuit 
of any standard size of wire. The tables are based on the formula 


(21.61L) +A =Drop in volts, ‘ 
I=current in amperes, L=distance in feet from point of supply to point 
of delivery. The factors J and L are combined in the table, in the com- 
pound factor ‘ampere feet.” 
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Wrre TAarte—RELATION BETWEEN Loap, DistTancn, Loss, AND SizE oF 
Conpucror. 
_ Table I.—110-volt and 220-volt Two-Wire Circuits. 


Norr.—The numbers in the body of the tables are Ampere-Feet;  7.e., 
_ Amperes X Distance (length of one wire) in feet. See examples on next page. 


Wire Sizes; Line Loss in Percentage of the Rated Voltage; and Power 
B. & 8. Gauge. Loss in Percentage of the Delivered Power. 


110 V.|220V.} 1 14 2 3 4 5 6 8 10 \{ 


0000 |21,550 32,325 43,100)/64,650|86,200 107,750) 129 300/172 ,400/215,500 
000 |17;080,25,620 34,160|51,240|68,320| 85,400|102,480|136 ,640|170,800 
00 |13,550)20, '325/27,100/40,650|54,200| 67,750] 81,300|108,400|135 ,500 
in ae 0 !10:750|16;125|21,500]32,250/43,000| 53,750| 64,500] 86,000|107,500 


(00 1 | 8,520/12,780 17,040 25,560/34,080} 42,600) 51,120) 68,160) 85,200 

00 2 | 6,750|10,140/13,520)20,280|27,040) 33,800} 40,560) 54,080) 67,600 
0 3 | 5,360} 8,040'10,720|16,080|21,440) 26,800} 32,160) 42,880} 53,600 
1 4 | 4,250} 6,875) 8,500/12,750}17,000| 21,250] 25,500) 34,000} 42,500 
2 5 | 3,370] 5,055) 6,740|10,110)13,480| 16,850} 20,220] 26,960] 33,700 
3 6 | 2,670] 4,005| 5,340) 8,010 10,680} 13,350| 16,020) 21 '360| 26,700 
4 7 | 2,120} 3,180} 4,240) 6,360] 8,480} 10,600} 12,720) 16,960) 21,200 
5 © ' 1 480! 2.520} 3,360] 5,040} 6,720} 8,400] 10,800} 13,440) 16,800 
6 Y | s,v0u) +,..5] 2,660} 3,990} 5,320) 6,650} 7,980] 10,640) 13,300 
7 10 | 1,055) 1,582] 2,110) 3,165) 4,220) 5,275) 6,330) 8,440) 10,550 
8 1 838] 1,257) 1,675) 2,514) 3,350] 4,190) 5,028 ; A 


TVable 11.—500, 1000, and 2000 Volt Circuits. 


Wire Sizes; Line Loss in Percentage of the Rated Voltage; and 


a B.& 8S. Gauge. Power Loss in Percentage of the Delivered Power. 


.| 2000 V. 1 1y 2 2k 3 4 5 


97,960] 146,940) 195 ,920/244 900/293 880/391 840/489 ,800 
77,690} 116,535|155 880/194 ,225)233 ,970/310,760/388 ,450 
61,620] 92,430) 123,240) 154,050/184 ,860/246 480/308 ,100 
48,880] 73,320) 97,760) 122,200) 146 ,640)195 ,420)244 ,400 
38,750] 58,125) 77,500) 96,875)116,250)155,000)193,750 


'46,140) 61,520} 76,900) 92,280}123,040/153,800 
24,370] 36,555) 48,740} 60,925) 73,110) 97,480/121,850 
19,320] 28,980) 38,640) 48,300) 57,960) 77,280} 96,600 
15,320] 22,980) 30,640} 38,300) 45,960) 61,280} 76,600 
12,150] 18,225/ 24 1300] 30,375 36,450) 48,300) 60,750 


10 9,640} 14,460} 19,280] 24,100] 28,920} 38,560} 48,200 


i=] 
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EXAMPLES IN THE Use or THE Wire Tapsites.—1. Required the 
maximum load in amperes at 220 volts that can be carried 95 feet by No. 6 
wire without exceeding 144% drop. i ite 

Find No. 6 in the 220-volt column of Table I; opposite this in the 114% 
column is the number 4005, which is the ampere-feet. Dividing this by the 
required distance (95 feet), gives the load, 42.15 amperes. 

Example 2. A 500-volt line is to carry 100 amperes 600 feet with a drop 
not exceeding 5%; what size of wire will be required? 

The Stapere-fcek will be 100 <600=60,000. Referring to the 5% column 
of Table II, the nearest number of ampere-feet is 60,750, which is opposite 
No, 3 wire in the 500-volt column. A x 

These tables also show the percentage of the power delivered to a line 
that is lost in non-inductive alternating-current circuits. Such circuits are 
obtained when the load consists of incandescent lamps and the circuit wires 
lie only an inch or two apart, as in conduit wiring. 

Efficiency of Long-distance Transmission, (F. R. Hart, 
Powe, Feb. 1892.)—The mechanical efficiency of a system is the ratio of the 
power delivered to the dynaino-electric machines at one end of the line to 
the power delivered by the electric motors at the distant end. The com- 
mercial efficiency of a dynamo or motor varies with its load. Under the 
most favorable conditions we must expect a loss of say 9%in the dynamo 
and 9%in the motor. The loss in transmission, due to fall in electrical pres- 
sure or “‘drop”’ in the line, is governed by the size of the wires, the other 
conditions remaining the same. For a long-distance transmission plant 
this will vary from 5% upwards. With a loss of 5% in the line the total 
efficiency of transmission will be slightly under 79%. With a loss of 10¢ ir 
the line it will be slightly under 75%. We may call 804 the practical limit of 
the efficiency with the apparatus of to-day. The methods for long-distance 
transmission may be divided into three general classes: (1) continuous cur- 
rent ; (2) alternating current; and (8) regenerating or ‘‘motor-dynamo”’ 
systems. 

There are many factors which govern the selection of asystem. For each 
problem considered there will be found certain fixed and certain unfixed 
conditions. In general the fixed factors are: (1) capacity of source of 
power; (2) cost of power at source; (2) cost of power by othermeans at point 
of delivery; (4) danger considerations at motors; (5) operating conditiony; 
(6) construction conditions (length of line, character of country, etc.). The 
partly fixed conditions are: (7) power which must be delivered, i.e., the effi- 
ciency of the system; (8) size and number of delivery units. The variable 
conditions are: (9) initial voltage; (10) pounds of copper on line; (11) origi- 
nal cost of all apparatus and construction; (12) expenses, operating (fixed 
charges, interest, depreciation, taxes, insurance, etc.); (13) liability of trouble 
and stoppages; (14) danger at station and on line; (15) convenience in oper- 
ating, making changes, extensions, etc. 

The relative advantages of different systems vary with each particular 
transmission problem, but in a general way may be tabulated as below: 


System. Advantages. Disadvantages. 
— = 
Low voltage. |Safety, simplicity. Expense for copper. 
2-wire e 
13 High voltage. j ici Danger; difficulty of 
8 BeCpOniy, SmEUCHy. building machines. 
5 a 
| : hi “ 
3 8-wire. yh Surin connoe SINot saving enough in 
& copper for long dis- 


Multiple-wire. 


Low voltage at machines 
and saving in copper. 


tances. Necessity for 
“ balanced ” system. 


| 


Single phase. 


Multiphase. 


Alternating. 


Motor-dynamo., 


Economy of copper. 


Economy of copper, syn- 
chronous speed unnec- 
essary; applicable to 
very long distances. 


High-voltage transmis- 


Cannot start under load. 
Low efficiency. 


Requires more than twa 
wires, 


' 


Expensive. 


sion. Low-voltage de- 
livery- 


Low efficiency. 
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ie 
TABLE oF ELECTRICAL HORSE-POWERS. 


, formula : Notts 3 Amperes =H.P., or 1volt-ampere = .0013405 H.P. 
Read amperes at top and volts at side, or vice versa. Be 
A ba Volts or Amperes. 


80 90 | 100 110 120 > 


+1072} 1206} .1341) 1475} .1609 
ri 2413 Hes +2949 ee 


+4290) 4826 “5302 -5898) 6434 
5362] .6032) 6708) 7373) 8043 


2 Fi e rs A . 5 857.9 | 965.2 |1072 |1180 |1287 
9,000}12.065 |120.6 . . } «2 .\723, -5 | 965.2 |1086 | |1206 1327 | 1448 ~~ 
9000/13, 405 [134.1 5 Fi s . -8 |1072 [1206 =|1341 [1475 =| 1609 
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Cost of Copper for Long-distance Transmissione 
(Westinghouse El. & Mfg. Co.) 


Cost or Copper REQUIRED FOR THE DeLivery OF ONE MrecHANIcAL HORSE- 
POWER AT Moror SHarr wits 1000, 2000, 3000, 4000, 5000, and 10,000 Voits 
at Moror TERMINALS, OR AT TERMINALS OF LOWERING TRANSFORMERS. 
Loss of energy in conductors (drop) equals 20%. Motor efficiency, 90%. 
Length of conductor per mile of single distance, 11,000 ft., to‘allow for sag. 
Cost of copper taken at 16 cents per pound. 


Miles. 1000 v. | 2000v. } 3000v. | 4000v. | 5000v. | 10,000 v. 


1 $2.08 $0.52 $0.23 $0.13 $0.08 $0.02 
2 8.33 2.08 0.93 0 0.3 0.08 
3 18.70 4.68 2.08 1,17 0.75 0.19 
4 33.30 8.32 3.70 2.08 1.33 0.33 
5 52.05 13.00 5.78 3.25 2.08 0.52 
6 74.90 18.70 8.32 4.68 3.00 0.75 
7 102.00 25.50 11.30 6.37 4.08 1.02 
8 133,25 33.30 14.80 8.32 5.33 1.33 
9 168.60 42.20 18.70 10.50 6.74 1.69 
10 208.19 52.05 23.14 13.01 8.33 2.08 
11 251.90 63.00 28.00 15.75 10.08 2.52 
12 299.80 75.00 33.30 18.70 12.00 3.00 
13 352.00 88.00 39.00 22.00 14.08 3.52 
14 408.00 102.00 45.30 25.50 16.32 4.08 
15 468.00 117.00 52.00 29.25 18.72 4.68 
16 533.00 133.00 59.00 33.30 21.32 5.33 
17 600.00 150.00 67.00 37.60 24,00 6.00 
18 675.00 169.00 75.00 42.20 27.00 6.75 
19 750.00 188.00 83.50 47.00 30.00 7.50 
20 833.00 208.00 92.60 52.00 33,32 8.33 


Cost or CopPpER REQUIRED TO DELIVER ONE MrcHANIcaAL HORSE-POWER AT 
Moror-sHAFT WITH VARYING PrRcENTAGES OF Loss IN CONDUCTORS, UPON 
THE ASSUMPTION THAT THE PoTENTIAL AT Moror TERMINALS Is IN EAcH 
Casp 3000 Vorts. 

Motor efficiency, 90%. Cost of copper equals 16 cents per pound. 
Length of conductor per mile of single distance, 11,000 ft., to allow for sag, 


Miles. 10% 15% 20% 25% 30% 
1 $0.52 $0.33 $0.23 $0.17 $0.13 
2 2.08 1.31 0.93 0. 0.54 
3 4.68 2.95 2.08 1.55 1.21 
4 8.32 5.25 3.70 2.77 2.15 
5 13.00 8.20 5.78 4.33 3.37 
6 18.70 11.75 8.32 6.23 4.85 
7 25.50 16.00. 11.30 8.45 6.60 
8 33.30 21.00 14.80 11.00 8.60 
9 42.20 26.60 18.75 14.00 10.90 

10 52.05 32.78 23.14 17.31 13.50 
11 63.00 39.75 28.00 21.00 16.30 
12 75.00 47.20 33.30 24.90 19.40 
13 55.30 39.00 29.20 22.80 
14 102.00 64.20 45.30 33.90 26.40 
15 117.00 73.75 52.00 38.90 30.30 
16 133.00 83.80 59.00 44,30 34.50 
17 150.0 94,75 67.00 50.00 39.00 
18 169.00 106.00 75.00 56.20 43.80 
19 188.00 118.00 83.50 62.50 48.70 


ELECTRIC TRANSMISSION, 1041 


Systems of Electrical Distribution in Common Use, 


T. Drecr_ Current. 
A. Constant Potential. ‘ ; ; 
110 to 1 and 220 to 250]Volts.—Distances less than, say, 1500 
eet. 
For incandescent lamps. 
For arc-lamps, usually 2 in series. 
For motors of moderate sizes. 3 
200 to 250 and 440 Volts, 3-wire.—Distances less than, say, 
5000 feet. } 
For incandescent lamps. fs 
For are-lamps, usually 2 in series on each branch, 
For motors 110 or 220 volts, usually 220 volts. 
500 Volts.—Distances less than, say, 20,000 feet. 
Incidentally for arc-lamps, usually 10 in series. 
For motors, stationary and street-car. 
B. Constant Current. 
Usually 5, 64, or 94 amperes, the volts increasing to several 
thousand, as demanded, for arc-lamps. 
Il, AurernatTine Current. 
A. Constant Potential. 
For incandescent lamps, are-lamps, and motors, 
Ployphase Systems. 
n oe For are and incandescent lamps, motors, and rotary cone 
Qynses verters for giving direct current. 

: Ployphase—2- and 3-phase—high tension (25,000 volts and 
over), for long-distance transmission; transformed by 
step-up and step-down transformers. 

B. Constant Current. 
Usually 5 to 6.6 amperes. _ For arc-lamps. 

References on Power Distribution.—Abbott, Electric Trans- 
mission of Energy; Bell, Electric Power Transmission; Cushing, Standard 
Wiring for Incandescent Light and Power; Crocker, Electric Lighting, 2 
vols.; Poole, Electric Wiring, 


ELECTRIC RAILWAYS, 


Space will not admit of a pone treatment of this subject in this work. 
- Consult Crosby and Bell, The Electric Railway in Theory and Practice ; 
Fairchild, Street Railways ; Merrill, Reference Book of Tables and Formule 
for Street Railway Engineers ; Bell, Electric Transmission of Power ; Daw- 
son, Engineering and Electric Traction Pocket-book. 


ELECTRIC LIGHTING. 


Are Lights.—Direct-current open arcs usually require about 10 am- 
peres at 45 volts. or 450 watts. The range of voltage is from 42 to 52 for 
ordinary ares. The most satisfactory light is given by 45 to 47 volts. 
Search-light projectors use from 50 to 100 amperes at 48 to 53 volts. 

5 The candle- power of an arc light varies according to the direction in which 

_ the light is measured; thus we have, 1, mean horizontal candle-power; ' 
2, maximum candle-power. which is usually found at an angle below the 

horizontal; 3. mean spherical candle-power; 4, mean hemispherical candle- 

power, below the horizontal. ‘ 

The nominal candle-power of an arc Jamp is an arbitrary figure. A 450- 


- watt are is commonly ealled 2000 c.-p. and a 300-watt are is 1200 c.-p. 


These figures greatly exceed the true candle-power. Carhart found with 
an arc of 10 amperes and 45 volts a maximum c.-p. of 450, but with the 
same watts 8.4 amperes,and 54 volts he obtained 900 c.-p. Blondel, 
however, found the e.-p. a maximum usually below 45 volts. Crocker 
explains the discrepancy as probably due to a difference in size and quality 
of the carbons. c ‘ 
: Current for are lighting is furnished either on the series. constant current, 
or on the parallel constant potential system. In the latter the voltage 
of the circuit is usually 110 and two lamps are connected in series. In 
currents with higher voltages more lamps are used in series; for instance 
10 with a 500-volt circuit : + 


104% ELECTRICAL ENGINEERING, . — 


Enclosed Arcs >-——Direct current enclosed arcs consume about 5 ampereg 
at 80 volts, or 400 watts. The chief advantages of the enclosed ares, on 
constant potential circuits are the long life of the carbons, 100 to 150 
hours, as compared with 8 to 10 hours for open ares; simplicity of con- 
ae absence of sparks, agreeable quality and better distribution of 
ight. P 
Alternating-current enclosed ares usually take a current of 6 amperes at 

70 or 75 volts. With 70 volts and 6 amperes, in a 104-volt circuit, the 

apparent watts at the lamp terminals are 625 and at the are 420, the actual 

watts being 445 and 390 respectively. The watts consumed in the inductive 
resistance average 35 to 45. Re 

: Incandescent Lamps.—Candle-power of nominal 16 c.p. 110-volt 

amp; 

t Mean horizontal 15.7 to 16.6 
' Mean spherical 12.7 to 13.8 
} Mean hemispherical 14.0 to 14.6 

Mean within 30° from tip 7.9 to 10.9 

Ordinary lamps take from 3 to 4 watts per candle-power. A 16 candle- 
power lamp using 3.5 watts per candle-power or 56 watts at 110 volts takes 
a current of 56 + 110 = 0.51 ampere. For a given efficiency or watts per 
candle-power the current and the power increase directly as the candle- 
power. An ordinary lamp taking 56 watts, 13 lamps take 1 H.P. of elec- 
trical energy, or 18 lamps 1.008 kilowatts. 

Variation in Candle-Power, Efficiency, and Life.—The 
following table shows the variation in candle-power, etc., of the General 
Electric Co,’s standard 100 to 126 volts, 3.1 and 3,5 watt lamps, due to yari- 
ation in voltage supplied to them. It e seen that if'a 3.1 watt lamp 
is run at 10 per cent below its normal voltage, it may have over 9 times 
as long a life, but it will give only 53 per cent of its normal lighting power, 
and the light will cost 50 per cent more in energy per candle-power. If 
it is run at 6 per cent above its normal voltage, it will give 37 per cent 
more light, will take nearly 20 per cent less energy for equal light power, 
but it will have less than one third of its normal life, 


Per cent of| Per cent of |Eficiency in} Relative |Hfliciency in) Relative 
Normal |Normal Can-| Peete a a Life. 3.1 i be id Life. 


Voltage. | dle-power, vate) ann watt Lamp. aS watts 3.5 watts, 

90 53 4.65 9.41 5.36 

91 57 4,44 7.16 5.09 

92 61 4.24 5.55 4.85 

93 65 4.10 4.35 4.63 

94 69.5 3.90 3.45 4,44 3.94 

95 74 3.75 2.75 4.26 3.10 

96 79 3.60 2.20 4.09 2.47 

97 84 3.45 1.79 3.93 1,95 

98 89 3.34 1.46 3.78 1.53 

99 94.5 3.22 1,21 3.64 1.26 
100 100 3.10 . 1.00 3.50 1.00 
101 106 2.99 -818 3.38 84 
102 112 2.90 .681 3.27 .68 
103 118 2.80 .562 3.16 .58 
104 124 2.70 452 3.05 .47 
105 130 2.62 .374 2.95 .39 
106 137 2.54 .310 2.85 eee | 

a RR 


The candle-power of a lamp falls off with its length of life, so that durin 
the latter half of its life it has only 60 per cent or 70 per cent of its ried 
candle-power, and the watts per candle-power are increased 60 per cent or 
70 per cent. After a lamp has burned for 500 or 600 hours it is more eco- 
nomical to break it and supply a new one if the price of electrical energy 
is that usually charged by central stations, 


ee SS” 
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, 


Specifications for Lamps. Crocker.)—The initia! candle-power 
ef any lamp at the rated voltage should not be more than 9 per cent above 
or below the value cailed for. The average candle-power of a lot should 
be within 6 per cent of the rated value. The standard efficiencies are 3.1 
3.5, and 4 watts per candle-power, Hach Jamp at rated voltage should 
take within 6 per cent of the watts specified, and the average for the lot, 
should be within 4 per cent. The useful life of a lamp is the time it will 
burn before falling to a certain candle-power, say 80 per cent of its initial 
candle-power. For 3.1 watt lamps the useful hfe is abcut 400 to 450 
hours. for 3.5 watt lamps about 800, and 4 watt lamps about 1600 hours. 

Special Lamps.—the ordinary 16 ¢.-p. 110-volt is the standard 
for interior lighting. Thousands of varieties of lamps for different voltages 
and candle-power are made for special purposes, from the primary lamp, 
supplied by primary batteries using three volts and about 1 ampere and 
giving 4c.-p., and the % ¢.-p. bicycle lamp, 4 volts and 0.5 ampere, to lamps * 
of 100 ¢.p. at 220 volts. Series lamps of 1.¢.-p. are used in illuminating 
signs, 94 ampere and 12,5 to 15 volts, eight Jamps being used on a 110-volt 
circuit. Standard sizes for different voltages, 50, 110, or 220, are 8, 16, 
24, 32, 50, and 100 c.-p. 5 

Nernst Lamp.—A form of incandescent lamp originated by Dr. 
Walther Nernst, of Géttingen, is being developed in this country by the 
Nernst Lamp Company, Pittsburg, Pa. It depends for its operation upon 
the peculiar property of certain rare earths, such as yttrium, thorium, zir- 
conium, ete., of becoming electrical conductors when heated to a certain 
temperature; when cold, these oxides are non-conductors. The lamp com- 
prises a ‘‘glower’’ composed of rare earths mixed with a binding material 
and pressed into a small rod; a heater for bringing the glower up to the con- 
ducting temperature; an automatic cut-out for disconnecting the heater 
when the glower lights up, and a ‘‘ballast”’ consisting of a small resistance 
coil of wire haying a positive temperature-resistance coefficient. ‘The bal- 
last is connected in series with the glower; its presence is required to com- 
pensate the negative temperature-resistance coefficient of the glower; with- 
out the ballast, the resistance of the glower 
would become lower and lower as its temper- Tine 
ature rose, until the flow of current through it 
would destroy it. Fig. 171lashows the element- 
ary circuits of a simple Nernst lamp. The 
cut-out is an electromagnet connected in series 
with the glower. When current begins to flow 
through the glower, the magnet pulls up the 
armature lying across the contacts of the cut- 
out, thereby cutting out the heater. The 
heater is a coil of fine wire either located very 
near the glower or encircling it. The glower 
is from*1/32 to 1/16 inch in diameter and about 
1 inch long. 

The material of the glower is an electrolyte, 
so that this type of lamp is not well adapted 
for operation on direct-current circuits be- ‘ Giuwes 
cause of the wasting away at the positive end vee i 
and the deposition of material at the nega- Fic. 171a, 
tive end. Ape 

The lamps are made with one glower, or with two, three, or six glowers 
epsneoter in parallel, and for operation on 100 to 120 and 200 to 240 volt 
circuits. 
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ELECTRIO WELDING. 


The apparatus most generally used consists of an alternating-current 
dynamo, heeding a comparatively high-potential current to the primary coil 
of an induction-coil or transformer, the secondary of which is made so 
large in section and so short in length as to supply to the work currents 
not exceeding two or three volts, and of very large volume or rate of flow. 
The welding clamps are attached to the secondary terminals. Other forms 
of apparatus, such as dynamos ccnstructed tv yield alternating currents 
direct from the armature to the welding-clamps, are used to a limited 
extent. 5 a ae 

The conductivity for heat of the metal to be welded has a decided influ- 
ence on the heating, and in welding iron its comparatively low heat conduc- 
tion assists the work materially. (See papers by Sir F. Bramwell, Proc. 
Inst. C. E., part iv., vol. cii. p. 1; and Elihu Thomson, Trans. A. I. M.E., xix. 
877.) 4 
Fred, P. Royce, Tron Age, Nov. 28, 1892, gives the following figures show- 
ing the amount of power required to weld axles and tires: 


AXLE-WELDING. 


Seconds, 
1-inch round axle requires 25 H.P. for......-2cssesserceeecsecsees 45° 
1-inch square axle requires 30 H.P. for...... Aerie: (3) 
114-inch round axle requires 35 H.P. for..........++.-++: Prien!) 
134-inch square axle requires 40 H,P. for..........++.+- Neeson 
2inch round axle requires 75 H.P. for........... pecaeriere at cleaner 


2-inch square axle requires 90 H.P. for. 


The slightly increased time and power required for welding the square 
axle is not only due to the extra metal in it, but .1 part to the care which it 
is best to use to secure a perfect alignment. 


TIRE-WELDING. 


Seconds. 
1 X 3/16-inch tire requires 11 H.P. for..........c.ee.eees 5 
14% x 3%-inch tire requires 23 H.P. for.......... a 
188 x 34-inch tire requires 20 H.P. for............ 30 
1144 x \%-inch tire requires 23 H.P, for........ 40 


2 x l-inch tire requires 29 H.P. for.........- 55 
2 x %-inch tire requires 42 H.P. f 


The time above given for welding is of course that required for the actual 
Sepieerion of the current only, and does not include that consumed by 
placing the axles or tires in the machine, the removal of the upset and 
other finishing processes, From the data thussubmitted, the cost of welding 
can be readily figured for any locality where the price of fuel and cost of 
labor are known. 

In almost all eases the cost of the fuel used under the boilers for produc- 
ing power for electric welding is practically the same as the cost of fuel 
used in forges for the same amount of work, taking into consideration the 
difference in price of fuel used in either case. 

Prof. A. B. W. Kennedy found that 21-inch iron tubes 14 inch thick were 
welded in 61 seconds, the net horse-power required at this speed being 23.4 
(say 35 indicated horse-power) per square inch of section. Brass tubing re 
quired 21.2 net horse-power. About 60 total indicated horse-power would be 
required for the welding of angle-irons 3 x 3 x 14 inch in from two to three 
minutes. Copper requires about 80 horse-power per square inch of sectioa, 
and an inch bar can be welded in 25 seconds. It takes about 90 seconds to 
weld a steel bar 2 inches in diameter. 


ELECTRIC HEATERS. 


Wherever a comparatively small amount of heat is desired to be auto- 
matically and uniformly maintained, and started or stopped on the instant 
without waste, there is the province of the electric heater, 

The elementary form of heater is some form of resistance, such as coils 
of thin wire introduced into an electric circuit and surrounded with a sub- 
stance, which will permit the conduction and radiation of heat, and at the 
same time serve to electrically insulate the resistance. : 

This resistance should be proportional to the electro-motive force of the 
current used and to the equation of Joule’s law : 


ay 


= 
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H=I?Rt X 0.24, 
where J is the current in amperes; R, the resistance in ohms; ¢, the time in 
seconds; and H, the heat in gram-centigrade units. , 
Since the resistance of metals increases as their temperature increases, a 
thin wire heated by current passing through it will resist more, and grow 
hotter and hotter until its rate of loss of heat by conduction and radiation 


equals the rate at which heat is supplied by the current. In a short wire, 


before heat enough can be dispelled for commercial purposes, fusion will 
begin; and in electric heaters it is necessary to use either long lengths of 
thin wire, or carbon, which alone of all conductors resists fusion. In the 
majority of heaters, coils of thin wire are used, separately embedded in 
some substance of poor electrical but gore thermal conductivity, 

The Consolidated Car-heating Co.’s electric heater consists of a galvanized 
iron wire wound in a spiral groove upon a porcelain insulator. Each heater 
is 305 in, long, 874 in. high, and 654 in. wide. Upon it is wound 892 ft. of 
wire. The weight of the whole is 2314 ibs. ~ 

Each heater is designed to absorb 1000 watts of a 590-volt current. Six 
heaters are the complement for an ordinary electric car. For ordinary 


' weather the heaters may be combined by the switch in different ways, so 


that five different intensities of heating-surface are possible, besides the 
position in which no heat is generated, the current being turned entirely off. 

For heating an ordinary electric car the Consolidated Co. states that 
from 2 to 12 amperes on a 500-volt circuit is sufficient, With the outside 
temperature at 20° to 30°, about 6 amperes will suffice. With zero or lower 
temperature, the full 12 amperes is required to heat a car effectively. 

Compare these figures with the experience in steam-heating of railway- 
cars, as follows: 

B.T.U. = 0.29084 watt-hours, 

6 amperes on a 500-volt circuit = 3000 watts. 

A current consumption of 6 amperes will generate 3000 + 0.29084 = 10,315 
B.T.U. per hour, 

In steam-car heating, a passenger coach usually requires from 60 Ibs. of 
steam in freezing weather to 100 lbs. in zero weather per hour. Supposing 
the steam to enter the pipes at 20 lbs. pressure, and to be discharged at 200° 
F., each pound of steam will give up 983 B,T.U. to the car. Then the 
equivalent of the thermal units delivered by the electrical-heating system in 
pounds of steam, is 10,315 + 983 = 1014, nearly. 

Thus the Consolidated Co.’s estimates for electric-heating provide the 
equivalent of 1044 Ibs. of steam per car per hour in freezing weather and 21 
Ibs. in zero weather. ‘ 

Suppose that by the use of good coal, careful firing, well-designed boilers, 
and cee tea eres engines we are able in daily practice to generate 
- H.P. delivered at the fly-wheel with an expenditure of 244 Ibs. of coal per 

our. 

We have then to convert this eectey, into electricity, transmit it by wire 
to the heater, and convert it into heat by passing it through a resistance-coil. 
We may set the combined efficiency of the dynamo and line circuit at 85%, 
and will suppose that all the electricity is converted into heat in the resist- 
ance-coils of the radiator. Then 1 brake H.P. at the engine = 0.85 electrical 
H.P. at the resistance-coil = 1,683,000 ft.-lbs. energy per hour = 2180 heat- 
units. But since it required 214 lbs. of coal to develop 1 brake H.P., it fol- 
lows that the heat given out at the radiator per pound of coal burned in the 
boiler furnace will be 2180 + 244 = 872 H.U. An ordinary steam-heating 
system utilizes 9652 H.U. per lb. of coal for heating; hence the efficiency 
of the electric system is to the efficiency of the steam-heating system as 872 
to 9652, or about1 toll. (Hng’g News, Aug, 9, ’90; Mar, 30, 92; May 15, ’93.) 


ELECTRICAL ACCUMULATORS OR STORAGE- 
BATTERIES, 


The original, or Plant6, storage battery consisted of two plates of metallic 
lead immersed in a vessel containing sulphuric acid. An electric current 
being sent through the cell thesurface of the positive plate was converted into 
peroxide of lead, PbO. This was called charging the cell: After being thus 
charged the cell could be used as a source of electric current, or discharged. 
Planté and other authorities consider that in charging, PbO, is formed on 
the positive plate and spongy metallic lead on the negative, both being con- 
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verted into lead oxide, PbO, by the discharge, but others hold that sulphate 
of lead is made on both plates by discharging and that during the charging 
PbO, is formed on the positive plate and metallic Pb on the other, sulphuric 
acid being set free. 

The acid being continually abstracted from the electrolyte as the discharge 

proceeds, the density of the solution becomes less. In the charging opera- 
tion this action is reversed, the acid being reinstated in the liquid and 
therefore causing an increase in its density. 
_ The difference of potential developed by lead and lead peroxide immersed 
in dilute H»SO,4 is about two volts. A lead-peroxide plate gradually loses 
its electrical energy by local action, the rate of such loss varying according 
to the cireumstances of its Le hb and the condition of the cell. 

In the Faure or pasted cells lead plates are coated with minium or 
litharge made into a paste with acidulated water. When dry these plates 
are placed in a bath of dilute HSO, and subjected to the action of the 
current, by which the oxide on the positive plate is converted into peroxide 
and that on the negative plate reduced to finely divided or porous lead. 

The initial electro-motive force of the Faure cell averages 2.25 volts, but 
after being allowed to rest some little time it is reduced to about 2.0 volts. 

The ‘‘chloride” accumulator, made by the Electric Storage Battery Co., 
of Philadelphia, consists of lead plates containing cells filled with spongy 
lead or with lead peroxide. The spongy lead is formed by first casting 
jnto the lead plate pastilles of a mixture of lead and zine chlorides, the 
lead in which is afterwards by an electrolytic method converted into spongy 
lead, while the zine chloride is dissolved and washed away. Plates intended 
for positive plates have the spongy lead converted into peroxide by immers- 
ing them in sulphuric acid and passing a current through them in one 
direction for about two weeks. 4 

The following tables give the elements of several sizes of ‘‘chloride” 
accumulators. Type G is furnished in cells containing 11-125 plates, and 
type H from 21 plates to any greater number desired. The voltage of cells 
of all sizes is slightly above two volts on open circuit, and during discharge 
varies from that point at the beginning to 1.8 at the end. 

Accumulators are largely used in central lighting and power stations, in 
office buildings and other large isolated plants, for the purpose of absorbing 
the energy of the generating plant during times of light load, and for giving 
it out during times of heayy load or when the generating plant isidle. The 
advantages of their use for such purposes are thus enumerated: 

1, Reduction in coal consumption and general operating expenses, due to 
the generating machinery being run at the point of greatest economy while 
in service, nd being shut down entirely during hours of light load, the bat- 
tery supplying the whole of the current. 


TYPH ‘B.” TYPE “0.” _ ‘TYPE “Dd.” 

Size of Plates, 3X3 in. Plates, 434X4in.| Size of Plates, 6X6 in. 
Number of plates......++--- Oooo Di nlaleah SumlsOraden alone dass as: 
Discharge (For 8 hours.....- 54) 134| 214] 334] 224] 5 | 714/10 |121¢115 

in am- LONG DSSS E Se ey 7%) 134) 844) 544] 344) 7 [1014|14 |1724/21 
peres: See Beeb rntuie aletehes oan 114| 214) 5 | 76] 5 |10 115 120 (25 |30 
Normal charge rate. .......+- 5g) 134|.24) 3% 214) 5 | 734/10 12% 15 


Weight of each element, Ibs....)3 | 5 | 8 1°18 |14 |20 196 132-138 
Outside measurement { Width. |194 Sela 3/4 7 
: 34| 434) 494) 614) 614] 634] 64) 614) Ge 
/ ES Pe a Pi It et SCs ON Os nf 2) 


of rubber jar in Length.|3% 
514} 314] 434] 614] 734) 734] 736 


inches: Height.|5 i 
14! 514| 5)4) 776) 774) 774 


2 
4 
7 
Outside measurement ( Width..|2!4| 3 
of glass jar in Length.j4 | 5 f 
644) 6)4| 644) 922} 914) 816) 83s] 834) 836 


inches: Height.|4 
Weight of acid in glass jars in 


Rha Sadat Rota en {1 | 84) 4 1 5 | 6 | 934/1334}1614)1414)13 
Weight of acid in rubber jars : 
Eg Uo Bata senetci ck ira RECO ete 4 34) 1 | 214) 256) 214] 814) 544) 7 | 844/10 


in 

Weight of cell complete, with 
acid, in rubber jars in lbs. ../4 | 614/1014)1414/1114}1814|26 135 Ly, 

Height of cell over allininches.|8 |10 110 110 |1214|121411214|1214|12)011239 


“— 


“oftanic in {ene 1934|1994]1994}1994| 2094/2114)... |216/21}g}aire)atye) 
' 
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SEP RH TYPE “1” 
Size of Plates, 734 x 734 in, woe - 10g in 
' Number of plates......)5 | 7 | 9 [11 /18 |15 | 9 /11 |18 15 17 /19 


Discharge ( For8hours|10 |15 |20 |25 |30 |35 |40 |50 |60 |70 |80 
tn am-<° 5 rey 
peres: "3 “* 120 30 |40 |50 |60 {70 {80 |100 |120 |140 |160 |180 
Normal charge rate....}10 {15 /20 |25 |30 |85 |40 |50 |60 |70 |80 |90 
Weight each element, : 
aR RTE ‘< = aH ie vs oA gy) 86 |106 }125 1884 ig 184 ' 
idth, in., ) rub- A, Srey Bags 
gi Lent, « bier 8h4| 814] 816) 814] 8i6 Balen. 38 15 |15 |15 
a Height, <° } jJarcdt et at We at een. eel 1734 1094 1734|1734 


3 (Width, “ ) .. | 54) 634) 8 | 85g}11 [11 | 9 |105¢)105g 
©2 + Length, +33 | 944) 94} 91¢1.914) 94g) 924]1236/1214]1214/1234]....].-.. 
r Height, ‘‘ ) eo” > }1144)1114) 1144] 1134/1134 |1134|15}4| 1514/1549}1546)....].-.. 
Weight of acid in glass 
jarsinlbs............ 1% j21 |25 |27% 85 [84 [58 [61 [58 |70 |....}..2, 
eight of acid in rub- 
ber jars in Ibs........ 644) 9 |11dg]14be)1744)21 |...-| .|94 [104 j114 [124 
Weight of cell com- Fe 
plete, with acid, in 28 
rubber jar inlbs,. ..;31 |42 (54 |66 |79 |91 |.... 202 |339 |376 |415 
Height of cell over all, 
in Inches... race we 1416) 1446/1414) 1414] 1414/1414]18 |18 |18 |19 |19 |19 
Ne eo 
TYPE. t* G. ; 
Size of Plates, 1544 x 1514 in. eee Late 
Number of plates, ....| 11 | 13] 15 | 17 | 25 |125 | D*) 21 | 23 | 25 |125 | D* 


Discharge (For 8 hrs.|100 |120 |140 |160 |240 |1240/10 |400 440 |480 
in am- “5 ** 1140 1168 |196 /224 |386 |1786/14 {560 |616 |672 [8472/28 
peres: © 3 ‘© 1200 |240 |280 |320 |480 |2480|20 | 800 |880 |960 |4960/40 

Normal charge rate....}100 |120 [140 |160 |240 |1240)10 |400 |440 |480 |2480/20 


Meni THB. voce sine: 219 |260 |300 |341 [503 |2588/20.4/790 (866 |942 )4741/38 
e ( Width. }1544}1634}188¢/20 |275g/1112] %/254612634/283¢11112] 4g 
of tank in 

inches. Height }2276|22%6| 2276) 2274/2276 |2484)... .|4274)4274|4274|487¢) ... . 
Weight of acid in 
POURS Seeks ee 
Weight of cell, com- 
lete, with acid in 

ead-lined tank in 
4 


160 |179 197 |216 |292 |1242) 9.5)515 (552 |590 |2512/19.2 


POUNGE ese ores 82 552 |621 |689 |992 |4560/36 |1635)1769/ 1904/8696]68 
Height of cell over all, 
inches... .. -- | 26 | 26 | 26 | 26 | 26 | 29 |....] 45 | 45 | 45] 46 


*D = addition per plate from 25 to 125.plates; approximate as to dimen- 
sions and weights. 


2. The possibility of obtaining good regulation in pressure during fluctua- 
tions in‘load, especially when the day load consists largely of elevators and 
similar disturbing elements. 

3. To meet sudden demands which arise unexpectedly, asin the case of 
darkness caused by storm or thunder-showers; also in case of emergency 
due to accident or stoppage of generating-plant, 

4. Smaller generating-plant required where the battery takes the peak of 
the load, which usually only lasts for a few hours, and yet where no battery 
is used necessitates sufficient generators, etc., being installed to provide for 
the maximum output, which in many cases is about double the normal 
output. 
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The Working Current, or Energy Efficiency, of a storage- 
cell is the ratio between the value of the current or energy expended in the 
charging operation, and that obtained when the cell is discharged at any 
specified rate. 

' Tn a lead storage-cell, if the surface and quantity of active material be 
accurately proportioned, and if the discharge be commenced immediately 
after the termination of the charge, then a current efficiency of as much as 
98% may be obtained, PES the rate of discharge is low and well regu- 
lated. In practice it is found that low rates of discharge are not economica}, 
and as the current efficiency always decreases as the. discharge rate in- 
creases, it is found that the normal current efficiency seldom exceeds 90%, 
and averages about 85%. 

As the normal discharging electro-motive force of a lead secondary cell 
never exceeds 2 volts, and as an electro-motive force of from 2.4 to 2.5 
volts is required at its poles to overcome both its opposing electro-motive 
force and its internal resistance, there is an initial loss of 20% between the 
energy required to charge it and that given out during its discharge. 

As the normal discharging potential is continually being reduced as 
the rate of discharge increases, it follows that an energy efficiency of 80% 
can never be realized. As a matter of fact,a maximum of 75% and a 
mean of 60% is the usual energy efficiency of lead-sulphuric-acid storage-cells. 

Important General Bules.—Storage cells should not be 
allowed to stand idle when charged, and must not stand idle when uncharged 
or aiter being discharged. If a battery is to be put out of commission 
for any length of time, it should be fully ees Log the electrolyte all drawn 
off, the cells filled with pure water and then discharged slightly—say until 
the E.M.F. is 1.95 volts. The cells should then be emptied, and the plates 
dried in a warm atmosphere. 

In mixing the electrolyte, the acid should always be poured into the 
water. The mixing must be very gradual in order to avoid excessive 
heating. The acid solution must be cooled before the cells are filled with 
it. The acid should be tested for impurities before mixing the electrolyte. 

Tests for Impurities.—To test for copper and arsenic, add a small quantity 
of dilute acid to an equal quantity of fresh sulphide of hydrogen (H.S). 
The presence of copper will cause a black precipitate; that of arsenic, a 
yellow precipitate. Sh Sea 

To test for iron, add a few drops of nitric acid to a small obese ¢ of 
dilute acid and heat the mixture; after cooling add a few drops of potassium 
Bae eee seu solution. The presence of iron will be indicated by a deep 
red color. 

Charging and Discharging.—Charging should be stopped when the voltage 
is 2.6 volts per cell and gas is given off, except in the first charging, when 
2.7 should be reached. Discharging should be stopped and the cells re- 
Create when the voltage is down to 1.8 volts per cell when discharging at 
normal rate. 


ELECTROLYSIS. 


The separation of a chemical compound into its constituents by means 
of an electric current. Faraday eave the nomenclature relating to elec- 
trolysis. _The compound to be decomposed is the Blectrolyte, and the 
process Electrolysis. The plates or poles of the battery are Electrodes. 
The plate where the greatest pressure exists is the Anode, and the other 
pole is the Cathode. The products of decomposition are Ions. 

Lord Rayleigh found that a current of one ampere will deposit 0.017253 
grain, or 0.001118 gramme, of silver per second on one of the plates of a 
silver voltameter, the liquid employed being a solution of silver nitrate 
containing from 15% to 20% of the salt. The weight of hydrogen similarly 
set free by a current of one ampere is .00001038 gramme per second. | 

Knowing the amount of hydrogen thus set free, and the chemical equiva- 
lents of the constituents of other substances, we can calculate what weight 
of their elements will be set free or deposited in a given time by a given 
current. Thus, the current that liberates 1 gramme of hydrogen will liberate 
8 grammes of oxygen, or 107.7 grammes of silver, the numbers 8 and 107.7 
being the chemical equivalents for oxygen and silver respectively. | 

To find the weight of metal deposited by a given current in a given time, 
find the weight of hydrogen liberated by the given current in the given 
time, and multiply by the chemical equivalent of the metal. 
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ELEOTERO-CHEMICAL EQUIVALENTS, 


———— 


' so 
= 5 $a 5 
Sr doen ovine be 
' Elements, ® ie BR Pus as 
Sok Bribes bee aan Be 2 
b ° 83 | $585) gg Fe 
| a S28 | S583 og = 
2| 8 | ga | 8888) 26 | 88 
S et ° Me 
Polos Ooae Ss) 5 
ELECTRO-POSITIVE. 
Hydrogem........ 2... Hy, 1.00 1.00 | .010384 | 96293.00 | 0.03738 
PotassHam. ... seers sees) | Ky 89.04 |. 89.04 40539 2467.50 | 1.45950 
Sodium .... iereia sta Na, 22.99 | 22.99 23873 4188.90 | 0.85942 
TAWUAT EAS ss) ieipls lole'sie \3 | 27.3 9.1 -09449 1058.30} 0.34018 
Magnesium..... ......] Mgg| 28.94] 11.97 -12430 804.03 | 0.44747 
Gold sageeta 196.2 65.4 67911 1473.50 | 2.44480 
Silver : 4 1.11800 894.41 4.02500 
Copper (cupric)........] Cug | 63.00} 31.5 32709 8058.60 | 1.17700 
«> \ (euprous)..--. a. Cu; | 68.00 | 63.00 | .65419 1525.30 | 2.85500 
Mercury (mercuric)....] Hg, | 199-8 99.9 | 1.03740 963.99 | 3.73450 
af (mercurous)..| Hg; | 199.8 | 199.8 | 2.07470 481.99 | 7.46900 
Tin (stannic)..........-] Smg | 117.8 29.45 80581 8270.00 | 1.10090 
*« (StannOUS) ..+---.- Sn, | 117.8 58.9 61162 1635.00 | 2.20180 
Tron (ferric)...........| Feg | 55.9 18.64} 19356 5166.4 0.69681 
“© (ferrous).....--+6. Fe, | 55.9 27.95 29035 3145.50 | 1.04480 
Nickel......- a so ow fig 58.6 29.3 30425 8286.80 | 1.09530 
WING: i ve -enis ysoceduneras Zug | 64.9 82.45 ~33696 2967.10 | 1.21330 
Tied. ccd ssc -ecscdones |} 2g | 206.451) 103.2% |}: 1.07160 933.26 | 8.85780 
ELECTRO-NEGATIVE. 
Oxygen .....-..-ceeees- Og | 15.96 7.98 08286 
Chiorine........ +. Cl, 35.37 | 35.37 367 
Todine...; s<-.... 126.53 | 126.53 | 1.31390 


ul 
Bromine.. ses] Bry |) 79.7 99% 82812 

Nitrogen............-..|. Ng} 14.01 4.67 | .04849 

AES e ie aah eee de Ins ead SNA Sa ae pa Mr MR cae aig 

* Valency is the atom-fixing or atom-replacing power of an element com- 
pared with hydrogen, whose valency is unity, 

+ Atomic weight is the weight of one atom of each element compared with 
hydrogen, whose atomic weight is unity. 

+ Becquerel’s extension of Faraday’s law showed that the electro-chemical 
equivalent of an element is proportional to its chemical equivalent. The 
latter is equal to its combining weight, and not to atomic weight + valency, 
. as defined by Thompson, Hospitalier, and others who have copied their 

tables. For example, the ferric salt is an exception to Thompson's rule, as 
are sesqui-salts in general. 

Thus: Weight of silver deposited in 10 seconds by a current of 10 amperes 
= weight of hydrogen liberated per second ‘xX number seconds X currené 
strength x 107.7 = .00001038 x 10 x 10 <X 107.7 = .11178 gramme. 

Weight of copper deposited in 1 hour by a current of 10 amperes = 


.00001038 x 3600 x 10 x 31.5 = 11.77 grammes. 


Since 1 ampere per second liberates .00001038 gramme of hydrogen, 
strength of current in amperes 
__ weight in grammes of H. liberated per second 
= -00001038 
_ __ weight of element liberated per second 
= [00001038 x chemical equivalent of element’ 


The above table (from “ Practical Electrical Engineering’) is calculated 
apon Lord Rayleigh’s determination of the electro-chemical equivalents and 
Roscoe’s atomic weights, 
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iP) 
ELECTRO-MAGNETS.* 
Units of Electro-magnetic Measurements. 


Unit magnetic pole is a pole of such strength that when placed at a dis-~ 
tance of one centimetre from a similar pole of equal strength it repels it 
with a force of one dyne. 

Gauss =unit of field strength, or density, symbol H, is that intensity of 
field which acts on a unit pole with a force of one dyne,=one line of force 
per square centimetre, A field of H units is one which acts with H dynes 
on unit pole, or H lines per square centimetre. A unit magnetic pole has 
4x lines of force proceeding from it. 2 Ste 

Macxwell=unit of magnetic flux, is the amount of magnetism passing 
through every square centimetre of a field of unit density. Symbol, ¢. 

Gilbert=unit of magneto-motive force, is the amount of M.M.F., that 
would be produced by a coil of 10+4z or 0.7958 ampere-turns. Symbol, F. 

The M.M.F. of a coil is equal to 1.2566 times the ampere-turns. 

If a solenoid is wound with 100 turns of insulated wire carrying a current 
ot ie amperes, the M.M.F. exerted will be 500 ampere-turns X 1.2566 = 628.3 
gilberts. 

Oersted =unit of magnetic reluctance; it is the reluctance of a cubic centi- 
metre of an air-pump vacuum. Symbol, R. 

Reluctance is that quantity in a magnetic circuit which limits the flux 
under a given M.M.F. It corresponds to the resistance in the electric cir- 
cuit. 

The reluctivity of any medium is its specific reluctance, and in the C.G.S. 
system is the reluctance offered by a cubic centimetre of the body between 
opposed parallel faces. The reluctivity of nearly all substances, other than 
the magnetic metals, is sensibly that of vacuum, is equal to unity, and is 
independent of the flux density. ; $ 

Permeability is the reciproeal of magnetic reluctivity. It is a number, and 
the symbol is #. 

Permeance is the reciprocal of reluctance. 

Lines and Loops of Foree.—In discussing magnetic and 
electrical phenomena it is conventionally assumed that the attractions and 
repulsions as shown by the action of a magnet or a conductor upon iron 
filings are due to “‘lines of force’? surrounding the magnet or conductor, 
The ‘‘number of lines” indicates the magnitude of the forces acting. As 
the iron filings arrange themselves in concentric circles, we may assume that 
the forces may be represented by closed curves or ‘‘loops of force.” ‘The 
following assumptions are made concerning the loops of force in a con- 
ductive circuit: | 

1. That the lines or loops of force in the conductor are parallel to the 
axis of the conductor. 

2. That the loops of force external to the conductor are proportional in 
number to the current in the conductor, that is, a definite current gener- 
ates a definite number of loops of force. These may be stated as the 
strength of field in proportion to the current. 

3. That the radii of the loops of force are at right angles to the axis of 
the conductor, 

The magnetic force proceeding from a point is equal at all points on the 
surface of an imaginary sphere described by a given radius about that 
point. A sphere of radius 1 em. has a surface of 4x square centimetres. If 
¢=total flux, expressed as the number of lines of force emanating from 
a magnetic pole having a strength, M, 


¢=4c4M; M=$~+4n. 
Magnetic moment of a magnet=product of strength of pole at ae its 
length, or distance between its poles Z. Magnetic moment ===. ( 
nz 


* For a very full treatment of this subject see ‘‘The Electro-Magnet,” 
published by the Varley Duplex Magnet Co., Phillipsdale, R. I. 


= 
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If B=number of lines flowing through each square centimetre of cross- 
section of a bar-magnet, or the ‘‘specifie induction,” and A =cross-section, 


Magnetic Moment = LAB+ 4x. 


If the bar-magnet be suspended in a magnetic field of density H, and so 
placed that the lines of the field are all horizontal and at right angles to the 
axis of the bar, the north pole will be pulled forward, that is, in the direction 


in which the lines flow, and the south pole will be pulled in the opposite 
direction, the two forces producing a torsional moment or torque, 


Torque=MLH=LABH + 4z, in dyne-centimetres. 


Magnetic attraction or repulsion emanating from a point varies inversely 
as the square of the distance from that point. The law of inverse squares, 
however, is not true when the magnetism proceeds from a surface of appre- 
ciable extent, and the distances are small, as in dynamo-electric machines 
and ordinary electromagnets. 

Permeability.—Materials differ in regard to the resistance they offer 


. to the passage of lines of force; thus iron is more permeable than air. The 


permeability of a substance is expressed by a coefficient, y, which denotes 
its relation to the permeability of air, which is taken as 1. If H number 
of magnetic lines per square centimetre which will pass through an air- 
space between the poles of a magnet, and B the number of lines which will 
pass through a certain piece of iron in that space, then «=B+H. The 
permeability varies with the quality of the iron and the degree of satura- 
tion, reaching a practical limit for soft wrought iron when B=about 18,000 
and for cast iron when B=about 10,000 C.G.S lines per square centimetre. 

The permeability of a number of materials may be determined by mearf 
of the table on the following page. é : 

The Magnetic Circuit.—In the electric circuit 


E.M.F. 


——_—., or [= 
Resistance’ 


Current = R: 
Similarly, in the magnetic circuit 
Magnetomotive Force 


a RE 
Reluctance s ¢ R° 


Magnetic Flux = 


Reluctance is the reciprocal of permeance, and permeance is equal to 


permeability Xpath area+path length (metric measure); hence 
a 
$=F4. 


One ampere-turn produces 1.257 gilberts of magnetomotive force and 
one inch equals 2.54 centimetres; hence, in inch measure, 


16.450 _ 3,192 aA , 


o= (1.2574 t) 9.54 Tie ae 


The ampere-turns required to produce a given magnetic flux in a given 
fi be 


path wi 
Apes ol 0.3133 ¢1 


3.192 na ua 


Since magnetic flux+area of path—magnetic density, the ampere-turns 
required to proguce a density B, in lines of force per square inch of area 
of path, will be 7 

A ,=0.3133Bl+ [ee 


7 


This formula is used in practical work, as the magnetic density must 


be predetermined in order to ascertain the permeability of the material 
under ity working conditions. When a magnetic circuit includes several 
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alities of material, such as wrought iron, cast iron, and air, it is most 
rect to work in terms of ampere-turns per unit length of path. ‘The 
ampere-turns for each material are determined separately, and the wind- 
ing is designed to produce the sum of all the ampere-turns. The following 
table gives the average results from a number of tests made by Dr, Samuel 
Sheldon: 


Vaturs or B anp H. 


B Cast Iron. | Cast Steel. | WroughtIron| Sheet Metal. 

5s Es 8 A al, | 9 
FRG] Po S| eo S| Ke. o| wo. $| Ko. 
HW | 888] 828 lo BES Slo 2) 858 ook) 228 lm 2) ead 
bh a oi # : a : ne 
BRS/ GAS) SEiSea] 28 Ses] Ba) Sig) 2s) ses 

besa A hgese > © bea re ba gl gold 

10 | 7.95] 26.2} 4.3 | 27.7 | 115] 742]13.0] 8381143 | 92.2 
20 | 15.90] 40.4] 5.7 | 36.8] 13.8] 989.0 | 14.7] 948 | 15.6 | 100.7 
30 | 23.85} 60.6 | 6.5 | 41.9] 14.9] 96.1} 15.3 | 98.6 | 162 | 104.5 
40 | 31.80] 80.8} 7.1 | 45.8 | 15.5 | 100.0 | 15.7 | 101.2 | 16.6 | 107.1 
50 | 39.75) 101.0] 7.6 | 49.0 | 16.0 | 103.2 | 16.0] 03.2 | 16.9 | 109.0 
60 | 47.70| 121.2 | 8.0 | 51.6 | 16.5 |-106.5 | 16.3 | 105.2 | 17.3 | 111.6 
70 | 55.65] 141.4 | 8.4 | 59.2 | 16.9 | 109.0 | 16.5 | 106.5 | 17.5 | 112°9 
80 | 63.65] 161.6 | 8.7 | 56.1 | 17.2 | 111.0 | 16.7 | 107.8 | 17.7 | 114.1 
90 | 71.60] 181.8] 9.0 | 58.0 | 17.4 | 112.2 | 16.9 | 109.0 | 18:0 | 116.1 
100 | 79.50] 202.0] 9.4 | 60.6 | 17.7 | 114.1 | 17.2 | 110.9 | 18.2 | 117.3 
150 | 119.25] 303.0 | 10.6 | 68.3 | 18.5 | 119:2 | 18.0 | 116.1 | 19.0 | 192.7 
200 | 159.0 | 404.0 | 11.7 | 75.5 | 19.2 | 123.9 | 18.7 | 120.8 | 19.6 | 126.5 
250 | 198.8 | 505.0 | 12.4 | 80.0 | 19.7 | 127.1 | 19.2 | 123.9 | 20.2 | 130.2 
300 | 288.5 | 606.0 | 13.2 | 85.1 | 20.1 | 129.6 | 19.7 | 197-1 | 20.7 | 133°5 


H=1.257 ampere-turns per cm, =.495 ampere-turns per inch. 


Exampie.—A magnetic circuit consists of 12 inches of cast steel of 
8 square inches cross-section; 4 inches of cast iron of 22 square inches 
cross-section; 3 inches of sheet iron of 8 square inches cross-section; and 
two air-gaps each 4¢ inch long and of 12 square inches area. Required, 
the ampere-turns to produce a flux of 768,000 maxwells, which is to be 
uniform throughout the magnetic circuit. 

The flux density in the steel is 768,000-+8 =96,000 maxwells; the amperex 
turns per inch of Soret) according to Sheldon’s table, are 60,6, so that the 
12 inches of steel will require 727.2 ampere-turns. } 

ae eu in the cast iron is 768,000+22=34,900; the ampere-turns 
=4x 40=160. 

The density in the sheet iron = 768,000+8=96,000;  ampere-turns per 
inch=30; total ampere-turns for sheet iron=90, 

The air-gap density is 768,000+12=64,000; ampere-turns per inch= 
0.3133B; ampere-turns required for air-gap =0.3133 x 64,000 + 8 = 2506.4, 

The entire circuit will require 727.2 + 160+ 90+ 2506.4 = 3483.6 ampere- 
turns, assuming uniform flux throughout. 

In practice there is considerable “leakage” of magnetic lines of force; 
that is, many of the lines stray away from the useful path, there being no 
material opaque to magnetism and therefore no means of restricting it to 
a given path. The amount of leakage is proportional to the permeance 
of the leakage paths available between two points in a magnetic circuit 
which are at different magnetic potentials, such as opposite ends of a 
magnet coil. It is seldom ee to predetermine with any approach 
to accuracy the magnetic leakage that will oceur under given conditions 
unless one has profuse data obtained experimentally under similar con- 
Pica: In dynamo-electric machines the leakage coefficient varies from 

.0 tO 2, 
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Tractive or Lifting Force ofa Magnet.—The lifting power or 
“pull” exerted by an electro-magnet upon an armature in actual contact 


with its pole-faces is given by the formula 


B2a 
72,134,000 


=Lbs., 


a being the area of contact in square inches and B the magnetic density 
over this area. If the armature is very close to the pole-faces, this for- 
mula also applies with sufficient, accuracy for all practical purposes, but 
a considerable air-gap renders it inapplicable. The accompanying table is 
convenient for approximating the dimensions of cores and pole-faces for | 
tractive magnets, 


Dimensions of Lifting Magnets. 


Ampere-turns per : Ampere-turns per 
ipfae inch of length. Pull in|| Den- inch of length. Pull in 
at Ibs. per ey Ibs. per 
: Cast | Cast | 841" : Cast | Cast | $212. 
Air. | Tron. | Steel Air. | Tron. | Steel 

10,000 | 3133 | 18 8.7 1.38 ||29,000 | 9,086 49 6.5 | 11.6 
11,000 | 3447 | 19.2 | 3.81 | 1.65 |/30,000 | 9,400 52 6.7 | 12.4 
12,000 | 3760 | 20.4 | 3.93 | 2 31,000 | 9,713 55 6.9 | 13.2 
13,000 | 4073 | 21.6 | 4.05 | 2.3 |132,000 } 10,026 58 Tal 14 
14,000 | 4387 | 22.8 | 4.17 | 2.7 ||33,000 | 10,339 61 7.3 | 15 
15,000 | 4700 | 24 4.3 3.1 ||34,000 | 10,652 64 7.5 | 16 
16,000 | 5013 | 25.2 | 4.44 | 3.5 |/35,000 10,965 68 VE yas es 
17,000 | 5326 | 265 | 4.58 | 4 36,000 | 11,278 72 7.9 | 18 
18,000 5640 27.9 4.72 4.5 37,000 | 11,590 76 8.1 19 
19.000 | 5953 | 29.3 | 4.86] 5 38,000 | 11,904 80 8.3 | 20 
20,000 | 6266 | 30.7 | 5 5.5 ||39,000 | 12,217 85 8.55 | 21 « 
21,000 | 6580 | 32.2 | 5.16] 6 40,000 | 12,532 90 8.8 | 22 
21,500 | 6736 | 33.1 | 5.24 | 6.4 ||41,000 12,843 95 9.05 | 23 
22,0 6893 | 34 5.32 | 67 ||42,000 | 13,159] 100 9.3 | 24.25 
22,500 | 7050 | 35 5.4 7 43,000 | 13,472] 106 9.55 | 25.5 
23,000 | 7206 | 36 5.48 | 7.3 ||44,000 | 13,785] 112 9.8 | 26.75 
23,500 | 7363 | 37 5.56 | 7.6 |{45,000 | 14,098] 118 | 10.25 | 28 
24,000 7520 38 5.64 7.9 46,000 | 14,412 125 10.5 29.3 
25,000 | 7833 | 40 5.8 8.6 |147,000 | 14,725] 132 | 10.8 | 30.6 
26,000 | 8146 | 42 5.97'| 9.3 ||48,000 | 15,038} 140 | 11.15 | 31.9 
27,000 8459 44 6.14 | 10 49,000 | 15,350] 150 11.5 33.2 
28, 8773 | 46 6.32 | 10.8 ||50,000 | 15,665} 160 | 11.9 | 34.6 


Maenet Windings.—Knowing the ampere-turns required to pro- 
duce the desired excitation of a magnetic circuit, the winding may be 
approximately determined as follows: 

‘or round cores under 1 inch in diameter make the depth or thickness 
of winding, t, equal to the core diameter; over 1 inch, let t=cube root of 
core diameter, For slab-shaped cores let the coil thickness be equal to the 
core thickness up to 1 inch, and to the square root of the core thickness 
above that. aah 

The ampere-turns produced by any coil will be 


Vd? 
Gra Sh 
in which V=volts at the coil terminals, 
d2=area of the wire in circular mils, 


1=mean length in inches per turn of wire, 
is=a coefficient depending on the temperature of the coil. 
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per turn of wire is 
at nt=lys 


g being the perimeter of the core. The size of wire required for a given 


excitation will be 


At 140° Fahr. k=1 


kAy 
P=> (a+ nt), 


- The table herewith gives the values of / at various 


other practical temperatures. 


Values of k in Magnet-coil Formula. 


Tem. | | 


100 0,923 
105 0.933 
110 0.942 


Temp. k Temp. k Temp. k 
115 0.952 130 0.981 150 1.0195 
120 0.962 135 0.99 155 1,029 
125 0.971 145 1.01 160 1.0387 


The rise above atmospheric temperature will be 


ye 
jks” 


in which R=the resistance of the coil when. hot, S=its radiating surface, 
and k, is a variable coefficient (see p, 1032). The value of ky will be about 


0.008 for electro-magnets of ordinary size not enclosed or shielded in any 


way from the surro 


unding air, 


For fuller treatment of the subject, see American Electrician, April and 


May, 1901, and Jan 
Determining 
is wound around a 


uary, 1904, 
the Polarity of Electro-magnets.—If a wire 
magnet in a right-handed helix, the end at which the 


current flows into the helix is the south pole. If a wire is wound around an 
ordinary wood-screw, and the current flows around the helix in the direc- 


tion from the head 


of the screw to the point, the head of the screw is the 


south pole, If a magnet is held so that the south pole is o: pposite the eye of 
the observer, the wire being wound as a right-handed he’ around it, the 
current flows in a right-handed direction, with the hands of a clock, 


Determining 
carrying a current 


the Direction of a Current.—Place a wire 
above and parallel to a pivoted magnetic needle. If 


the current be flowing along the wire from N. to S., it will cause the N.- 
seeking poe to turn to the eastward; if it be flowing from 8. to N., the 


pole 


turn to the westward. If the wire be below the needle, these 


motions will be reversed. 


Maxwell’s rule. 
magnetic force are 
ward travel of an 


The direction of the current and that of the resisting 
related to each other as are the rotation and the for- 
ordinary (right-handed) cork-screw. 
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There are three classes of dynamo-electric machines, viz.: 

i. Generators, for the conversion of mechanical into electrical energy. 

2° Motors, for the conversion of electrical into mechanical energy. 

Generators and motors are both subdivided into direct-current and alter- 
nating-current machines. 

_ 3, Transformers, for she conversion of one character or voltage of current 
into another, as direct into alternating or alternating into direct, or from 
one voltage into a higher or lower voltage. 

Kinds of Dynamo-electric Wiachines as regards Man- 
ner of Winding. 

_ 1. Separately-excited Dynamo.—The field-magnet coils have no connec- 
tion with the armature-coils, but receive their current from a separate 
machine or source. rc 

2. Series-wound Dynamo.—The field winding and the external circuit are 
connected in series with the armature winding, so that the entire armature 
current must pass through the field-coils. . 

Since in a series-wound dynamo the armature-coils, the field, and the ex- 
ternal circuit are in series, any increase in the resistance of the external 
circuit will decrease the electro-motive force from the decrease in the mag- 
netizing currents. A decrease in the resistance of the external cireuit will, - 
in a like manner, increase the electro-motive force from the increase in the 
magnetizing current. The use of a regulator avoids these changes in the 
electro-motive force. 

3. Shunt-wound Dynamo.—The field-magnet coils are placed in a shunt 
to the armature circuit, so that only a portion of the current generated 
passes through the field-magnet coils, but all the difference of potential of 
the armature acts at the terminals of the field-circuit. 

In a shunt-wound dynamo an increase in the resistance of the external 
circuit increases the electro-motive force, and a decrease in the resistance 
of the external circuit decreases the electro-motive force. This is just the 
reverse of the series-wound dynamo. é 

In a shunt-wound dynamo a continuous balancing of the current occurs, 
the current dividing at the brushes between the field and the external cir- 
cuit in the inverse proportion to the resistance of these circuits. If the 
resistance of the external circuit becomes greater, a proportionately greater 
current passes through the field-magnets, and so causes the electro-motive 
force to become greater. If, on the contrary, the resistance of the external 
circuit decreases, less current passes through the field, and the electro- 
motive force is proportionately decreased. 4 

4. Compound-wound Dynamo.—The field-magnets are wound with two 
separate sets of coils, one of which is in series with the armature and the 
external circuit, and the other in shunt with the armature, or the external 
circuit. : 

Motors.—The above classification in regard te winding applies also to 
motors. 

Moving Force of a Dynamo-electric Machine.—A_ wire 
through which a current passes has, when placed in a magnetic field, a 
tendency to move perpendicular to itself and at right angles to the lines 
of the field. The force producing this tendency is P=lBI dynes, in which 
1=length of the wire, J] —the current in C.G.S. units, and B=the induc- 
tion, or flux density, in the field in lines per square centimetre. 

Tf the current J is taken in amperes, P=I1BI+10=IBI 107. 

If Pk is taken in kilogrammes, 


Pk =IBI~+9,810,000 = 10,1937 7B 10~8 kilogrammes. 
Exampie.—The mean strength of field, B, of a dynamo is 5000 C.G.S, 
lines; a current of 100 amperes fiows through a wire; the force acts upon 
10 centimetres of the wire=10.1937 X 10X 100X 5000 x 10-S=.5097 kilo- 


mmes. 
Tn the ‘‘English” or Kapp’s system of measurement a total flow of 6000 
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C.G.S. lines is taken to equal one English line. Calling Bz the induction in’ 


English, or Kapp’s, lines per square inch, and B the induction in C. G. S. 
lines per square centimetre, BE = B + 930.04; and taking 2” in inches and 
Ppin pounds, PP = 5831/1’ BE10- pounds. a 

Torque ofan Armature.—The torque of an armature is the mo- 
ment tending to turn it. In a generator it is the moment which-must be 
applied to the armature to turn it in order to produce current. In a motor 
it is the turning moment which the armature gives to the pulley. ; 

Let J = current in the armature in amperes, E=the electro-motive force 


in volts, 7 = the torque in pound-feet, ¢ = the flux through the armature’ 


in maxwells, N= the number of conductors around the armature, and n = 
the number of revolutions per second. Then 


Watts = IH = 2nnT X 1.356.* 


In any machine if the flux be constant, H is directly proportional to the 
speed and = ¢Nn + 108; whence 


out = 2nTX 1.356; 
$NI éNI 


T= 


10° X 27 X 1.356 ~ B52 x 108 Pound feet. 

Let 1 = length of armature in inches, d=diameter of armature in inches, 
B = flux density in maxvwells per square inch, and let m = the ratio of the 
conductors under the influence of the pole-pieces to the whole number of 
conductors on the armature. Then 


$= x1xXBXm. 


These formule apply to both generators‘and motors. They show that 
torque is independent of the speed and varies directly with the current and 
the flux, The total peripheral force is obtained by dividing the torque by 
the radius (in feet) of the armature, and the drag on each conductor is 
obtained by dividing the total peripheral force by the number of conductors 
under the influence of the pole-pieces at one time. 

EXAMPLE,—Given an armature of length 1 = 20 inches, diameter d=12 
inches, number of conductors N = 120, of which 80 are under the influence 
of the pole-pieces at one time; let the flux density B = 30,000 maxwells 
per sq. in. and the current J = 400 amperes. 


127 80 
i ¢= BT X 20 X 30,000 x Teo 7 7,540,000. 


rr — 7:540,000 x 120 x 400 
| -8.52 X 100,000,000 


Total peripheral force = 424.8 + .5 = 849.6 lbs. 

Drag per conductor = 849.6 + 120 = 7.08 lbs. 

The work done in one revolution = torque X circumference of a circle of 
1 foot radius = 424.8 X 6.28 = 2670 foot-pounds. 

Let the revolutions per minute equal 500, then the horse-power 


2670 X 500 
= ermenagh ee 40.5 H.P. 
Electro-motive Force of the Armature Circuit.—From the 
horse-power, calculated as above, together with the amperes. we can obtain 
the E.M. F., for JE = H.P. X 746, whence E.M.F. or E = H.P. X 746 = 7. 


If H.P., as above, = 40.5, and J = 400, F = 3 Ns 75.5 volts. 


The E.M.F. may also be calculated by the following formule: 
I = Total current through armature} 
ead = E.M.F. in armature in volts; 
N = Number of active conductors counted all around armature} 
p = Number of pairs of poles (p = lina two-pole machine); 
nm = Speed in revolutions per minute; 
¢ = Total flux in maxwells. 


= 424.8 pound-feet. } 


* 1 ft.-lb. per second = 1.356 watts. 
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ea = Na 10~* for two-pole"machines. 
neg poNn nm for multipolar machines with 
LEG: ta To® 60 series-wound armature. 


~ Strength of the Magnetic Field.—The fundamental equation 
for calculations relating to the magnetic circuit is 


M SIE 
Flux = agneto-motive Force 
Reluctance 


Magneto-motive force is the magnetizing effect of an electric current. 
It varies directly as the number of turns in a coil, and as the current. It 
js numerically equal to 1.257 X amperes X turns. 

Reluctance is the resistance any material offers to the setting up in itself 
of magnetic lines. It varies directly as the length and inversely as the area 
of the cross-section of the core, taken at right angles to the direction of the 
magnetic lines, and inversely as the permeability of the material. 
‘Let I = current in amperes, N = number of turns in the coil, A = area 
of the cross-section of the core in square centimetres, 1 = length of core in 
centimetres, » the permeability of the core, and ¢ = flux in maxwells. 


Then 
e= 1.257NI 
(l + Any 

In a dynamo-electric machine the reluctance will be made up of three 
separate quantities, viz.: the reluctance of the field magnet cores, the reluc- 
tance of the air spaces between the field magnet pole-pieces and the arma~- 
ture, and the reluctance of the armature. — The total reluctance is the 
sum of the three. Let L;, L2,L3 be the length of the path of magnetic 
lines in the field magnet cores,* in the air-gaps, and in the armature respec- 
tively; and let A;, Ao, As be the areas of the eross-sections perpendicular 
to the path of the magnetic lines in the field magnet cores, the air-gaps, and 
the armature respectively. let the permeability of the field magnet cores 
be #,, and of the armature #3. The permeability of the air-gaps is taken 
asunity. ‘Then the total reluctance of the machine will be 

Tncy Le Ls 
Ay iy Ag A3H3" 
The formula for magnetic flux will now read 
= 1.257NI 
Cy + Aya) + ig + Aa) + (Lg + Aatta) 
The ampere turns necessary to create a given flux in a machine may be 
found bythe formula 
+ As) + (L3+ Asts)] 


E [Ga + Ar m1) + Ze 
NI =$¢ 1.257 


But the total flux generated by the field coils is not available to produce 
current in the armature. There is a leakage between the field magnets, 
and this must be allowed for in calculations. The leakage coefficient 
varies from 1.3 to 2 in different machines. The meaning of the coefficient 
is that if a flux of say 100 maxwells per square cm. are desired in the field 
coils, it will be necessary to provide ampere turns for 1.3 X 100 = 130 
maxwells, if the leakage coefficient be 1.3. 

‘Another method of calculating the ampere turns necessary to produce a 
given flux is to calculate the magneto-motive force required in each portion 
of the machine, separately, introducing the leakage coefficient in the caleu- 
Jation for the field magnets, and dividing the sum of the magnetive-moto 
forces by 1.257. An example of this last method is appended. 

ExampLe.—Given a two-pole generator with a single magnetic circuit 
of the following dimensions, in centimetres and square centimetres: L; = 
150, Lo = each .5, Lg = 25; Ay = 1200, Ao = 1400, Ag = 1000; leakage 


" * The length of the path in the field magnet cores L, includes that portion 
of = path which lies in the piece joining the cores of the various field 
magnets. 
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coefficient = A = 1,32; flux in armature = 10,000,000 maxweills. Re- 
quired the sey ioe turns on field magnets. Let B = intensity of magnetic 
induction, or flux density, and H = intensity of the magnetic field. 


p= & — 10,000,000 _ 
Armature: B ae 1000 10,000. 


From the permeability table, 1, = 2000 


M.M.F, = 4 —2- — 10,000,000 x 25 


Aggy 1000 X 2000 126, 


Air-gaps: 
: 10,000,000 X2 X.5 
M.M.F2 = 1400 = 7150. 
Bield Cores: 
He oa =. -10,000,000 X 1.32 _ 41,000: m = 1692. 
1 


1200 
GAL, 10,000,000 x 1.32 X 150 _ 
MM = Ayey 1200 X 1692 lie 


Total M.M.F. = 125 + 7150 + 975 = 8250. 


M.M.F. 8250 
Ampere turns = 057, > 1287 7 6563. 


In a machine having a double magnetic circuit, the calculation is slightly 
varied. The total fiux is created by the two separate sets of windings, 
each set creating one half. The ampere turns are calculated for one set 
of windings. The flux, ¢, used in the calculation is taken as one half the 
gotal flux created. The areas of the air-gaps A, and of the armature A3 
are also taken as one half the actual area. Except for these changes, 
the calculation is made in the same manner as for the single magnetic cir- 
cuit; the result is the ampere turns for one set of field windings, 

In the ordinary type of multipolar machine there are as many magnetic 
circuits as there are poles. Hach winding energizes part of two circuits * 
-The calculation is made in the same manner as for a single magnetic circuit. 

Dynamo Design.—In the design of a motor or generator the follow- 
ing data are usually given, being determined by local conditions Class, 
viz., bipolar or multipolar, series, shunt or compound wound; size, in 
kilowatts; voltage; and current. The following is an outline of the method 
pared in the complete design. (For complete method see Wiener’s 

iynamo-electric Machines.) 

Notation.—E = e.m.f. in external circuit in volts; Z’=total e.m.f. gener- 
ated in armature in volts; e = e.m.f. necessary to oyercome internal 
resistances of machine; J = current in external circuit. in amperes; J = cur- © 
rent generated in armature in amperes; 7 = current in shunt field in am- 
peres; H, = assumed flux density of field in maxwells per sq. inch; B = 
actual flux density in armature, maxwells per square inch.; L = length of 
armature in inches; D = diameter of armature in inches; 1 = length of 
active conductor (i.e., that on pole-facing surface of armature) in feet; d = 
diameter of armature conductor in mils; d? = area of armature conductor, 
circular mils; d’ = diameter of insulated armature conductor in inches; 
N = number of conductors on armature; p = number of pairs of poles in 
field; C = number of bars on commutator; ¢ = magnetic flux in arma- 
ture in maxwells; ¢’ = total magnetic flux; A = leakage coefficient of 
magnetic circuit; V = mean velocity of armature conductors in feet per 
second; A = available depth of-winding space on armature, inches (in a 
slotted armature h is the depth of slot); mj = number of wires stranded 
in parallel to make one armature conductor; mg = number of conductors 
per layer on armature; ng = number of layers of conductor on armature; 

,m,b = variables and factors explained in the text. 

A value is first assumed for H;. This is governed by the size of the 
machine, the style of armature, the number of poles, and the material of 
the pole-pieces, magnet cores, and frame. For a smooth core armature 
in a 1 kw. bipolar machine, with cast-iron pole-pieces, it may be taken as © 
15,000 maxwells per sq. inch for cast-iron; for wrought iron or steel pole- | 
pieces it may be taken at 22,000 maxwells. For a 300 kw. bipolar machine 
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) te L. =i = N- NW = (£.535900D X &) 
| S Por drum armatares WN = 2 {m3 X my) = 5 


for ring armatures W = (2 X 2g) = = 


A general formula given by Wiener for the leogth of armaiare is 
ne 12 xX a: xi DMX=. we k 
m= XK Ry” =F Fi 


The minimum number of bars on the commatsior : Cais = Ep + & 
The value of 5 depends om the curresi 2s follows: 


Amperes- over 10 10350 320 33-10 105 352 2-2 
6 19 10.5. 16.6.2 s 35: = 
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¢ — 2X Pp X EB’ X 10° 
WY XO repay 
‘Lhe flux density in the armature core is 


AES a8 
=X DXL Xm’ 

where m is a factor depending on the percentage of polar aro, Assuming 
100 per cent and 50 per cent as the limits of polar are, the following are 
the respective values of m at those limits: In bipolar, smooth armature, 
machines m = 1.00 and .70; in bipolar, toothed armature machines 
m = 1.00 and .55; in smooth armature multipolar machines m = 1.00 
and .625, with from 4 to 12 poles; m = 1.00 and .60 with from 14 and 20 

poles. With toothed armatures the figures are slightly lower. 
The area of the field magnet ccres depends on the flux to be generated. 


ge =oXA 


A value for A is assumed, which will vary with the size and type of machine. 
By means of this assumed value the principal dimensions of the magpetic 
circuit are calculated. The true value of A is next calculated by means 
of the formula 


x Joint permeance of useful and stray paths 


Permeance of useful path 


The permeance of a path is its magnetic conductance. 
Permeance = (Permeability x Area) + Length. 


The stray paths are those across the pole-pieces, across the magnet cores 
and between the pole-pieces and the yoke joining the magnet ccres. 

With the new value of A, ¢’ is recalculated. If the true and assumed 
values of A give a large difference in flux then the dimensions of the circuit 
must be changed and J recalculated. 

The areas of the various portions are found by dividing the total Sux by 
the allowable flux density. The allowable flux densities in maxwells per 
square inch are as follows: Wrought iron, 90,000; cast steel, 85,000; cast 
iron, 40,000. i 

The various areas being known, the winding of the magnets is ealculated 
as shown in the section on Strength of the Magnetic Field. 

Exampie.—Design a 200 K.W. bipolar, smooth drum armature, shunt 
dynamo, with wrought-iron pole-pieces. and cast iron magnet cores and 
yoke. Volts, 500; amperes, 400; R.P.M., 450. 

Assume H; = 40,000; V = 45; e = 03H; 7 = .0257; percentage of 
polar arc = 85. Then H’ =515; I’ = 410 andk = 68 X 10-8. 

“= (515 X 1 X 100,000,000) + (68 x 45 x 40,000) = 420.7 feet. 

D = (12 X 60 X 45) + (450 X 3.1416) = 22.91 inches. 

d? = 300 X 410 + 1 = 123,000. In this size of machine it is desirable 
to use cables. Each conductor may be composed of three cables in paral- 
lel, each composed of seven wires. A No. 12 B.&9. gauge wire has an area 
of 6530 cir. mils, and 7 X 3 X 6530 = 137,130, which is near enough to a2. 

To find d’: Number of strands on a diameter = 3. Insulation on each 

j Strand = .005; insulation of cable = .008: diameter No. 12 wire = -080808 ; 
'd’ = 3 X (.0808 + 2 X .005) + (2 X .008) = .2884 inch. 


Assume h = .625; ny = 3; np = 22.91 X 3.1416 = -2884 = 249: 3 =. 


3 

ee + .2884=2+. Then = (12x 3 X 420.7) + (2 X 249) = 30.41 
inches. 

Cmin=515 X 1+ 10 = 51.53 C = (249 X 2 + 3) + 4 = 41 (too small); 
(249 x 2+3)+2= 83. 10 = 83. 
N = (2 X 249) X 2+ 3 = 332. 
¢$=6X1 xX 515 X 1,000,000,000 + 332 « 450 = 20,683,000. 
porns ie = 94; B = 20,683,000 + (3.1416 X 22.91 X 30.41 x -94) 
= 10 ; 

To caleulate A would require more space than can be spared here. As 
sume A = 1,34. 

¢’ = 1.34 X 20,683,000 = 27,715,220. 

Area of magnet cores = 27,715,220 + 40000 = 692 sq. inches, 


Diameter of magnet cores = / 692 x < = 29.8 inches. 
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The advantages of alternating over direct currents are: 1. Greater sim- 
plicity. of dynamos and moters, no commutators being required; 2. The 
easibility of obtaining high voltages, by means of static transformers, for 
cheapening the cost of transmission; 3. The facility of transforming from 
one voltage to another, either higher or lower, for different purposes. 

A direct current is uniform in strength and direction, while an alternating 

current rapidly rises from zero to @ maximum, falls to zero, reverses its 
direction, attains a maximum in the new direction, and again returns to 
zero. This series of changes can best be represented by a curve the abscis- 
sas of which represent time and the ordinates either current or electro- 
motive force (e.m.f.). The curve usually chosen for this purpose is the’) 
sine curve, Fig. 172; the best forms of alternators give a curve that is a very 
close approximation to the sine curve, and all calculations and deductions 
of formule are based on it. The equation of the sine curve is y=sin 2, in 
which y is any ordinate, and z is the angle passed over by a moving radius 
vector. 
_ After the flow of a direct current has been once established, the only 
opposition to the flow is the resistance offered by the conductor to the 
passage of current through it. ‘This resistance of the conductor, in treat- 
ing of alternating currents, jis sometimes spoken of as the ohmic resistance. 
The word resistance, used alone, always means the ohmic resistance. In 
alternating currents, in addition to the resistance, several other quantities, 
which affect the flow of current, must be taken into consideration. These 
quantities are inductance, capacity, and skin effect. They are discussed 
under separate headings. 

The current and the e.m.f. may be in phase with each other, that is, 
attain their maximum strength at the same instant, or they may not, de- 
pending on the character of the circuit. Ina circuit containing only resist- 
ance, the current and e.m.f. are in phase; in a circuit containing induct- 
ance the e.m-f. attains its maximum value before the current, or leads the 
current. In a circuit containing capacity the current leads the e.m.f._ If 
both capacity and inductance are present in a circuit, they will tend to 
neutralize each other. 

Maximum, Average, and Effective Values.—tThe strength 
and the e.m.f. of an alternating current being constantly varied, the maxi- 
mum value of either is attained only for an instant in each period. The 
maximum values are little used in caleulations, except in deducing formule 
and for proportioning insulation, which must stand the maximum pressure. 

The average value is obtained by averaging the ordinates of the sine curve 
representing the current, and is 2 + 7 or 0.637 of the maximum value. 

The value of greatest importance is the effective, or ‘‘square root of the 
mean square,” value. It is obtained by taking the square root of the mean 
of the squares of the ordinates of the sine curve. The effective value is 

, the value shown on alternating-current measuring instruments. The prod- 
uct of the square of the effective value of the current and the resistance of 
circuit is the heat lost in the circuit. i 
: une comparison of the maximum, average, and effective values is as 

ollows: 


\ 
Exgrec. = Emax. X9-7075 Baver. = Emax, X 9-637; Eytax,=1.41X Epgree, 


Frequency.—The time required for an alternating current to pass 
through one complete cycle, as from one maximum point to the next (a 
and b, Fig. 172) is termed the period. The number of periods in a second 
is termed the frequency of the current. Since the current changes its direc- 
tion twice in each period, the number of reversals or alternations is double 
the frequency. A current of 120 alternations per second has a period of 1/60 


* Only a very brief treatment of the subject of alternating currents can 
be given in this book. The following works are recommended as valuable 
for reference: Alternating Currents and Alternating Current Machinery, by 
D. CG. and J. P. Jackson; Standard Polyphase Apparatus and Systems, by 
M. A. Oudin; Polyphase Electric Currents, by 8. P. Thompson; Electric 
Lighting, by F. B> Crocker, 2 vols.; Electric Power Transmission, by Louis 
Bell; Alternating Currents, by Bedell and Crehore; Alternating-current Phe- 
ca by Chas. P. Steinmetz. The two last named are highly mathemat- 
ical. e 
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and a frequency of 60 The frequency of a current is equal to one half the 
number of poles on the generator. multiplied by the number of revolutions 
per second Frequency is denoted by the letter f. 

The frequencies most generally used in the United States are 25, 40, 60, 
125, and 133 cycles per second The Standardization Report of the 
A I.E.E recommends the adoption of three frequencies, viz.. 25 60.and 120. 

With the higher frequencies both transformers and conductors will be 
less costly in a circuit of a given resistance, but the capacity and inductance 
effects in each will be increased, and these tend to increase the cost. With 
high frequencies it also becomes difficult to operate. alternators in parallel. 

A low-frequency current cannot be used on lighting circuits, as the hghts 
will flicker when the frequency drops below a certain figure. For are lights 
the frequency should not be less than 40. For incandescent lamps it should 
not be less than 25, If the circuit is to supply both power and light a 
frequency of 60 is usually desirable. For power transmission to long dis- 
tances a low frequency, say 25, is considered desirable, in order to lessen 
the capacity effects If the alternating current is to be converted into 
direct current for lighting purpose, a low frequency may be used. as the 
frequency will then have no effect on the lights. 

Inductance. —A current flowing through a conductor produces a mag- 
netic flux around the conductor. If the current be changed in strength or 
direction, the flux is also changed, producing in the conductor an e.m.f. 
whose direction is opposed to that of the 
current in the conductor. This counter 
e.m.f. is the counter e.m.f. of inductance 
It is proportional to the rate of change 
of current, provided that the permeabil- 
ity of the medium around the conductor 
remains constant. The unit of induct- 
ance is the henry.symbol L. A circuit 
has an inductance of one henry if a uni- 
form variation of current at the rate of 

Fie. 172. one ampere per second produces a 
- counter e.m.f. of one volt. 

. The effect of inductance on the circuit is to cause the current to lag be- 
hind the e.m.f.. as shown in Fig. 172,in which abscissas represent time, and 
ordinates represent e.m.f. and current strengths respectively. 

Capacity.—Any insulated conductor has the power of holding a quan- 
tity of static electricity. This power is termed the capacity of the body. The 
capacity of a circuit is measured by the quantity of electricity in it when 
at unit potential. It may be increased by means of a condenser. A con- 
denser consists of two parallel conductors, insulated from each other by 
a non-conductor. The conductors are usually in sheet form. 

The unit of capacity is a farad,symbol C. A condenser has a capacity 
of one farad when one coulomb of electricity contained in it produces a dif- 
ference of potential of one volt. The farad is too large a unit to be conven- 
iently used in Proctice, and the micro-farad is used instead. 

The effect of capacity on a circuit is to cause the e.m.f. to lag behind the 
current. Both inductance and capacity may be measured with a Wheat- 
stone bridge by substituting for a standard resistance a standard of induct- 
ance or a standard of capacity. } 

_ Power Factor.—In direct-current work the power, measured in watts, 
is the product of the volts and amperes in the circuit. In alternating-cur- 
rent work this is only true when the current and e.m.f, are in phase. If the 
current either lags or leads, the values shown on the volt and ammeters 
will not be truc simultaneous values. Referring to Fig. 172, it will be seen 
that the product of the ordinates of current and e.m.f. at any particular 
instant will not be equal to the product of the effective values which are 
shown on the instruments. The power in the circuit at any instant is the 
product of the simultaneous values of current and e.m.f., and the volts 
and amperes shown on the recording instruments must be multiplied 
together and their product multiplied by a power factor before the true 
watts are obtained. This power factor, whichis the ratio of the volt-amperes 
12 3b8 watts, is also the cosine of the angle of lag or lead of the currents 
us 


P=IXEX power factor = IXEXcos @_ 
where 6 is the angle of lag or lead of the current. 
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A watt-meter, however, gives the true power in a circuit directly. The 
method of obtaining the angle of lag is shown below, in the section on Im- 
pedance Polygons. 

Reactance, Impedance, Admittance.—In addition to the 
ohmic resistance of a circuit there are also resistances due to inductance, 
capacity, and skin effect. The virtual resistance due to inductance and 
capacity is termed the reactance of the cireuit. If inductance only be 
peat in the circuit, the reactance will vary directly as the inductance. 


capacity only be present, the reactance will vary inversely as the capacitys 
Inductive reactance =2zfL. 


z 1 
Condensive reactance oC" 


The total apparent resistance of the circuit, due to both the ohmic resistance 
and the reactance, is termed the impedance, andis equal to the square root 
of the sum of the squares of the resistance and the reactance. 


Impedance = Z =V R?+ (2nfL)? when inductance is present in the circuit. 


2 
Impedance=Z= R?+ Gao) when capacity is present in the circuit. 


Admittance is the reciprocal of impedance, =1~=Z. 

If both inductance and capacity are present in the circuit, the reactance 
of one tends to balance that of the other; the total reactance, ‘s the alge- 
braic sum of the two reactances; thus, 


1 1\2 
Total reactance =X =2efL—5—73 Z=V Ro+ (20fL 5-7) : 


In all cases the tangent of the angle of lag or lead is the reactance divided by 
the resistance. In the last case 


1 
QnfL ——— 
tan 4= R “es 


Skin Effect.—Alternating currents tend to have a greater density at 
the surface than at the axis of a conductor. The effect of this is to make 
the virtual resistance of a wire greater than its true ohmic resistance. With 
low frequencies and small wires the skin effect is small, but it becomes quite 
Teaportat with high frequencies and large wires. 

he following table, condensed from one in Foster’s ‘‘Electrical Engi- 
neers’ Pocket-book,”’ shows the increase in resistance due to skin effect. 


Skin-effect Factors for Conductors carrying Alternating 


Currents. 
peer Frequencies. 
an 

B.&3S. 

Gauge 25 40 60 100 130 

0 SiS Porcr caren Papeete eae ete 1.001 1.005 1.008 

OQ BAe tastes ane 1.001 1.002 1.006 1.010 

QUO ie ne itcoca. » 1.002 1.005 1.010 1.017 

0000 1.001 1.005 1.006 iw lis 1.027 

Pd 1.002 1.006 1.008 1.022 1.039 

Fa 1.007 1.016 1.040 1.100 1.156 

1 1.020 1.052 EEL 1.263 1.397 

1} 1.053 1.118 1.239 1.506 1.694 

14” 1.098 1.223 1.420 1.765 1.983 

2 1,265 1.531 1.826 2.290 2.560 


For virtual resistance, multiply ohmie resistance by factor from this table. 
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@hm’s Law applied to Alternating-current Cireuits.—To 
apply Ohm’s law to alternating-current circuits a slight change is neces- 
sary in the expression of the law. Impedance is substituted for resistance. 
The law should read 


yor = ek 
VFX? 2 


Impedance Polygons.—1. Series Circuits —The impedance of a cir- 
euit can be determi graphically as follows. Suppose a circuit to contain 
a resistance F and an inductance L, and to carry a current I of fi cy fF. 
In Fig. 173 draw the line ab proportional to R, and representing the direc- 
tion of current. At 5 erect bc perpendicular to ab and proportional to 2=fL. 
Join a and c. The line ac represents the impedance of the circuit. e 


angle @ between ab and ac is the angle of lag of the current behind the e.m#., - 


and the power factor of the circuit is cosine @. The e.mf. of the circuit is 


e R b ; 
Ve f 
) 4 
a b e 


Fic. 173. Fre. 174. 


If the above circuit contained, instead of the inductance L,a capacity C, 
then would the polygon be drawn as in Fig. 174. The line be would be pro- 
portional to a7C and would be drawn in.a direction opposite to that of 
be in Fig. 173. The impedance would again be Z, the e.mf. would be 
ZI, but the current would lead the e.m.f. by the angle @. 

Suppose the circuit to contain resistance, inductance, and capacity. The 
lines of the impedance polygon would then be laid off as in Fig. 175. The 
impedance of the circuit would be represented by ad, and the angle of lag 
by @. If the capacity of the circuit had been such that cd was Jess than be, 
then would the e.mf. have led the current. 


Cy 


Qrf 


d 


Fie. 175. Fie. 176. 
If between the inductance and capacity in the circuit in the previous ex- 


amples there be interposed another resistance, the impedance polygon will 
take the form of Fig. 176. The lines representing either resistances, in- 


ductances, or capacities in the circuit follow each other in all cases as do 


the resistances, inductances, and capacities in the circuit, each line having © 


its appropriate direction and magnitude. 


Ri=15 C,—.000100 Re—12 = 


eS 


SPL tar + 
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Examere.—aA cireuit (Fig. 177) contains a resistance, R,, of 15 ohms, a 
capacity, Ci, of 100 microfarads (.000100 farad). a resistance, Rg, of 12 
ohms. an inductance Ly. of .05 henrys, and a resistance aR 20 ohms. 
Find the impedance and electromotive force 
when a current of 2 amperes is sent through 
the circuit, and the current when an e.m-f. 
of 120 volts is impressed on the circuit fre- 
quency being taken as 60. Also find the 
angle of lag. the power factor, and the power 
in the circuit when 120 volts are impressed. 

The resistance is represented in Pig. 178 
by the horizontal line ab, 15 units long. 
The capacity is represented by the line bc, 
drawn  downw: from b, and whose 
aa is ; 


@: R15 


: a RE=T2 d 
= = Fie. 178. 
3G, 7 TXS.1NOXGOX 0001 ~ 7°“ mee 


From the point ¢ a horizontal line cd, 12 units long, is drawn to represent 
R,. From the point d the line de 1s drawn vertically upwards to represent 
the inductance L,. Its length is 
QnfL,=2 X3.1416 X60X .05=18.85. 

From the point e a horizontal line ef, 20 units long, is drawn to represent 
R,. The line joining a and f will represent the impedance of the circuit in 
ohms. The angle 6, between ab and af, is the angle of lag of the e.m.f. be- 
hind the current. The impedance in this case is 47.5 ohms, and the angle 
of lag is 9° 15’. ‘ e 

The e.m.f. when a current of 2 amperes is sent through is 

‘[Z=E=2X47.5=95 volts. | 

If an e.m. of 120 volts be impressed on the circuit, the current flowing 

through will be 


120 120 
Le =7715 723 amperes. 


The power factor =cos 6=cos 9° 15’ = .987. ; 
The power in the circuit at 120 volts is 
1X EX cos 6=2.53 X 120 X .987=299 .6 watts. : 
2. Parallel Circuits —If two circuits be arranged in parallel, the current 
flowing in each circuit will be inversely proportional'to the impedance of 
that circuit. The e.m.f. of each circuit is 
Ri AS the e.mf. across the terminals at either end 
of the main circuit, where the various branches 
00000 separate. Consider a circuit, Fig. 179, con- 
sisting of two branches. The first branch 
contains a resistance R, and an inductance Ly, 
NOON jn series with it. The second branch con- 


tains a resistance Rin series with an induct- _ 


ance Ij. The impedance of the cireuit ma: 
Fie. 179. be determined by treating each of the par 
branches as a separate series circuit, and drawing the impedance polygon 
for each branch on that assumption. Heving found the impedance the 
current. flowing in either branch will be the reciprocal of the impedance 
multiplied by the e.m.f. across the terminals. The current in the entire 
circuit is the geometrical sum of the current in the two branches. 

The admittance of the equivalent simple circuit may be obtained by 
drawing a parallelogram, two of whose adjoining sides are made parallel to 
the impedance lines of each branch and equal to the two admittances 
respectively. 

The diagonal of the parallelogram. will represent the admittance of the 
equivalent simple circuit. The admittance multiplied by the e.m-f. gives 
the total current in the circuit. 

ExampLy.—Given the circuit in Fig. 180, consisting of two branches, 
Branch 1 consists of_a resistance R,—12 ohms, an inductance L,=. 
henry, a resistance Ry=4 ohms, and a capacity Cy; =120 microfarads 
~.00012 farad). Branch 2 consists of an inductance Jg=-.015 henry, a 
resistance R3=10 ohms, and an inductance L3;=.03 henry. An e.mf. 
of 100 volts is impressed on the circuit at a frequency of 60. Find the ad- 
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mittance of the entire circuit, the current, the power factor, and the power 
in the circuit. Construct the impedance polygons for the two branches 


Ry=12 Li=.05 Re=4 C,=,.00012 


Fre. 180. 


separately as shown in Fig. 181, a and b. The impedance in branch 1 ig 


16.4 ohms, and the current is wax 100=6.19 amperes. The angle of 


4S 62 


2b 
JZ, -0619 
Fic. 181, 


: lead of the current is 12° 45’. The impedance in branch 2 is 19.5 ohms and 


the current is i965 X100=5.13 amperes, The angle of lag of the current 


is 61°. E 

The current in the entire circuit is found by taking the admittances of 
the two branches, and drawing them from the point o, in Fig. 181 ¢, parallel 
to the impedance lines in their respective polygons. The diagonal from o 
is the admittance of the entire circuit, and in this case is equal to 0.092. 
The current in the circuit is .092100=9.2 amperes. The power factor 
is 0.944 and the power in the circuit is 100 x .944 x 9.2 =868.48 watts. 

Self-inductance of Lines and Cireuits.—The following formul~ 
and table, taken from Crocker's ‘‘ Electric Lighting,” give a method of cal- © 
culating the self-inductance of two parallel aerial wires forming part of the | 
same circuit and composed of copper, or other non-magnetic material; 


; 


i, 
i; 


4 
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L per foot ~ (15.24+-140.3 10g 24 10, 
L per mile = (80.5+-740 loz 4) 10-*, 


m which L isthe inductance in henrys of each wire, A is the interaxial dis- 
tance between tae two wires, and d is the diameter of each, both in inches. 
Tf the circuit is of iron wire, the formule become 


L per foot = (2286 +140.3 log 2) 10—’, 
L per mile = (12070+740 log 24) 10-*. 


INDUCTAN<S, IN MILLIHENRYS PER MILE, FOR EACH OF TWO PARALLEL 
COPPER WIRES. 


= 2 . 
38 American Wire Gauge Number 
ao 
9 
=3 
ar ae 000; 00 | 0 1 2 3 a 6 8 | 10 | 12 
| | | | | — ] —_|— | |__| —_ 
3 [0.907/0 944/0.982/1.019/1.056/1.094.1 131/1.168}1.243 1.317)1.392)1.467 
6 {1.130)1 168 1.205/1.242/1.280)1 317 1.354|1.392 1.466]1.540)1.615)1.690 
9 }1 260)1.298 4.335/1 372.1 410,1.447)1.485/1.522|1.596|1.671'1.746/1.820 
12 |1.353)1.391 1.428 /1.465|1.502'1 5401 577/)1.614/1.689]1.764/1.838/1.913 
1g |1.484!1.521 1.558/1.596'1.633/1.671/1.708/1.744)1.820 1 894/1.968 2.044 
24 |1.576)1.614)1 651/1 688 1.725)1-764/1.800)1.838 1.912]1.986)2 061/2.135 
30 |1.648|1 686/1 723|1.760 1.797/1.835|1 871|1 910|1.984/2.058' 2.134)2.208 
36 j1 7071 745)1.784|1.818 1.856) 1 893|1.931|1.968/2.043 2.117|2.192|2.266 
48 |1.799/1 $36/1.874|1.911 1.949/1.986|2 023)2.061|2 135 2.209:2.285|2.359 
60 |1.871|1 909/1.946|1 982 2.023/2.058|2.095/2 132/2.208 2.282|2.356}2.432 
72 |1.930}1 968|2.005|2.042 2.079/2 116 2.154|2.192|2 266|2.340)2.415)2.489 
84 |1.971/2.016|2.053/2.092 2 128'2 166|2.203/2.240|2.312|2.389)2.464/2 539 
96 2 023)2.059|2.097 2.134 2 172|2.210 2.246 |2.283 2 358 2.433)/2.507 2.582 


Capacity of Conductors.—All conductors are included in three 
classes, viz.- 1. Insulated conductors with metallic protection: 2. Single 
aerial conductor with earth return; 3. Metallic circuit consisting of two 


"parallel aerial wires. The capacity of the lines may be calculated by means 


of the following formule taken from Crocker’s “Electric Lighting ”: 


7361k 10-** : 38.83k 10—° 
Class1. © per foot= bea C per mile oe 
Sere Ta6L C307 oo S99 e3eI07 = 
Class2. C per foot= jon Gh+d) ’ C per mile = ean dhe 
3681 X 10—7° 


C per foot of each wire = pea Sah’ 


Class 3. 
€ per mile of each wire = 19.42 x 107" 
log (2A = a) 


5 _ In which C isthe capacity in farads, D the internal diameter of the metallic 
covering, d the diameter of the conductor, A the height of the conductor 
_ above the ground, and A the interaxial distance between two parallel wires. 


all in mches; & is 2 dieleetrie constant which for air is equal to 1 and for 


"pure rubber is equal to 2.5. The formule in cases 2 and 3 assume the wires 


to be bare. If they are insulated, & must be introduced in the numerator 
and given a value slightly greater than 1. 
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Single-phase and Polyphase Currents.—A single-phasecurrent 
ss a simple alternating current carried on a single pair of wires, and is 
aye a on a machine having a single armature winding. It is represented 

y_a single sine curve. , 

Polyphase currents are known as two-phase, three-phase, six-phase, or 
any other number, and are represented by a ccrresponding number of sine 
one. The most commonly used systems are the two-phase and three- 
phase. 

1. Two-phase Currents.—In a two-phase system there are two single- 
phase guna) 3 currents bearing a definite time relation to each other 
and represented by two sine curves (Fig. 182). The two separate currents 
may be generated by the same or by separate 
machines. If by separate machines, the arma- 
tures of the two should be positively coupled 
together. Two-phase currents are usually gener- 
ated by a machine with two armature windings, 
each winding terminating in two collector rings. 
The two windings are so related that the two 
currents will be 90° apart. _ For this reason two- 
phase currents are also called ‘‘quarter-phase” 


currents. 

Two-phase currents may be distributed on either three or four wires. 
The three-wire system of distribution is shown in Fig. 183. One of the 
return wires is dispensed with, connection being made across to the other 
as shown. The-common return wire should be made 1.41 times the area 
of either of the other two wires, these two being equal in size. 


Wi W1 
NA 


S\K—h 


Fie. 183. Fic. 184, 


The four-wire system of distribution is shown in Fig. 184. The two 
phases are entirely independent, and for lighting purposes may be operated 
as two single-phase circuits. E 

2. Three-phase Currents.—Three-phase currents consist of three alternat- 
ing currents, differing in phase by 120°, and represented by three sine 
curves, as in Fig. 185. They may be distributed by three or six wires. If 
distributed by the six-wire system, it is analogous to the four-wire, two- 
phase system, and is equivalent to three single-phase circuits. In the 
three-wire system of distribution the circuits may be connected in two 
different ways, known respectively as the Y or star connectivn, and the A 
(delta) or mesh connection. 


Fic, 185. Fic. 186. 
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The Y connection is shown in Fig. 186. The three circuits are joined 
at the point 0, known as the neutral point, and the three wires carrying the 
current are connected at the points a, b, and c, respectively. If the three 
circuits ao, bo, and co are composed of lights, they must besequally loaded 
or the lights will fluctuate, If the three circuits are perfectly balanced, the 
lights will remain steady. In this form of connection each wire may be 
considered as the return wire for the other 
two. If the three circuits are unbalanced, b 
a return wire may be run from the neutral 
point o to the neutral point of the arma- 
ture winding on the generator. The 
system will then be four-wire, and will 
work properly with unbalanced circuits. ¥ 

The A connection is shown in Fig. 187. 

Each of the three circuits ab, ac, bce, re- 
ceives the current due to a separate coil 
in the armature winding. This form of aA 


connection will work properly even if the ce 
circuits are unbalanced; and if the cir- a ql 
cuit contains lamps, they will not fluctuate 

when the circuit. changes from a balanced Fic. 187. 


to an unbalanced condition, or vice versa. 

Measurement of Power in Polyphase Circuits,—1. Two- 
phase Circuits.—Thespower of two-phase currents distributed by four wires 
may be measured by two wattmeters introduced into the circuit as shown in 
Fig. 184. The sum of the readings of the two instruments is the total power. 
If but one wattmeter is available, it should be introduced first in one circuit, 
and then in the other. If the current or e.m.f. does not vary during the 
operation, the result will be correct. If the circuits are perfectly balanced, 
twice the reading of one wattmeter will be the total power. 

The power of two-phase currents distributed by three wires may be 
measured by two wattmeters as shown in Fig. 183. The sum of the two 
readings is the total power. If but one wattmeter is available, the coarse- 
wire coil should be connected in series with the wire ef and one extremity 
of the pressure-coil should be connected to some point on ef. The other 
end should be connected first to the wire a and then to the wire d, a reading 
being taken in each position of the wire. The sum of the readings gives the 
power in the circuits. 

2. Three-phase Currents.—The power in a three-phase circuit may be 
measured by three wattmeters, connected as in Fig. 188 if the system is 
Y-connected, and as in Fig. 189 if the system is A-connected. The sum 


Fic. 188. Fic. 189. 


of the wattmeter readings gives the power in the system. If the circuits 
are perfectly balanced, three times the reading of one wattmeter is the 
total power. : 
The power in a A-connected system may be measured by two wattmeters, 
as shown in Fig. 190. If the power factor of the system is greater than 
0.50, the arithmetical sum of the readings is the power in the circuit. If 
the power factor is less than 0.50, the arithmetical difference of the read- 
ings is the power. Whether the power factor is greate1 or less than 0.50 
may be discovered by interchanging the wattmeters without disturbing the 
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relative connection of their coarse- and fine-wire coils. If the deflections of 
the needles are reversed, the difference 
of the readings is the power. If the needles 
are deflected in the same direction as at 
first, the sum of the readings is the 
power. 

Alternating-current Genera= 
tors.—tThese differ little from direct- 
current generators in many respects. Any 
direct-current generator, if provided with 
collector rings instead of a commutator. 
could be used as a single-phase alternator, 
The frequency would in most cases, how- 
ever, be too low for any practical use. 
The fields of alternators are always 

Fie. 190. separately excited; the machines are 

sometimes compounded by shunting some 

of their own current. around the fields through a neohitying device which 

changes the current to pulsating direct current. In all large machines 
the armature is stationary and the field-magnets revclve. 


TRANSFORMERS, CONVERTERS, ETC. 


Transfermers,—A transformer consists essentially of two coils of wire, 
one coarse and one fine, wound upon aniron core. The function of a trans- 
former is to convert electrical energy from one potential to another. If 
the transformer causes a change from high to low voltage, it is known as a 
“‘step-down” transformer; if from low to high voltage, it is known as a 
“step-up” transformer. 

The relation of the primary and secondary voltages depends on the num- 
ber of turns in the two coils. Transformers may also be used to change 
current of one phase to current of another 


phase. The windings and the arrangement - 

of the transformers must be adapted to each 00 Vel pray 
particular case. In Fig. 191 an arrange- 100 Turns 100 Turns” 
ment is shown whereby two-phase currents 


may be converted into three-phase, Two 
transformers are required, one having its HOOOSOOY 
primary and secondary coils in the relation 
of 100 to 100, and the other having its pri- 
mary and secondary in the relation of 100 to 
86. The secondary of the 100-to-100 trans- 
former is tapped at its middle point and 
joined to one terminal of the other secondary. 
Between any pair of the three remaining ter- 
minals of the secondaries there will exist a Fig. 191. 
difference of potential of 50. | ° 
There are two.sources of loss in the transformer, viz., the copper loss and 
the iron loss. The copper loss is proportional to the square of the current, 
being the J?R loss due to heat. If J;, Ri, be the current and resistance 
respectively of the primary, and Jo, Ro, the current and resistance respect- 
ively of the secondary, then the total copper loss is We=/;2R\+1.2R> and 


2 25 
the percentage of copper loss is T?Rs +1?he 


, where W, D is the energy delivered 


p 
to the primary. The iron loss is constant at all loads, and is due to hysteresis 
and eddy currents. 

Transformers are sometimes cooled by means of forced air or water cur- 
rents or by immersing them in oil, which tends to equalize the temperature 
in all parts of the transformer. 

Efficiency of Transformers.—The efficiency of a transformer is the ratio 
of the output in watts at the secondary terminals to the input at the primary 
terminals. At full load the output is equal to the input less the iron an2 
copper losses. The full-load efficiency of transformers is usually very high, 
being from 92 per cent. to 98 per cent. As the copper loss varies as the 
square of the load, the efficiency of a transformer varies considerably at 
different loads, Transformers on lighting circuits usually operate at full 
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load but a very small part of the day, though they use some current all the 
time to supply the iron losses. For transformers operated only a part of the 
time the ‘‘all-day” efficiency ismore important than the full-load efficiency. 
It is computed by comparing the watt-hours output to the watt-hours input. 
The all-day efficiency of a 10-K.W, transformer, whose copper and iron 
losses at full load are each 1.5 per cent, and which operates 3 hours at tall 
load, 2 hours at half load, and 19 hours at no load, is computed as follows: 


Tron loss, all loads=10X .015=.15 K.W. 

Copper loss, full load=10X .015= .15 K.W. 
Copper loss, load= .15X (4)2= .0375 K.W. 

Tron loss K.W. hours=.15X24=3.6. 

Copper loss, full load, K.W. hours= .15 X 3=.45. 
Copper loss, % load, K.W. hours= .0375 X2= .075. 
Output. K.W. hours= 4 (10X3)+(5X2) | =40. 
ree K.W,. hours=40+3.6+ .45+ .075=44.125. 
All-day efficiency =40+44.125=.907. 


The transformers heretofore discussed are constant-potential transformers 
and operate at a constant voltage with a variable current. For the opera- 
tion of lamps in series a constant-current transformer is required There 
are a number of types of this transformer. That manufactured by the 
General Electric Co. operates by causing the primary and secondary coils to 
approach or to separate on any change in the current. 

Converters, ete.—In addition fo static transformers, various machines 
are used for the purpose of changing the voltage of direct currents or the 
voltage, phase or frequency of alternating currents, and also for changing 
alternating currents to direct or vice versa. _ These machines are all rotary 
and are known as rotary converters, motor-dynamos. and dynamotors. 

A rotary converter consists of a field excited by the machine itself, and 
an armature which is provided with both collector rings and a commuta- 
tor. It receives direct current and changes it to alternating, working as a 
direect-current motor, or it changes alternating to direct current, working 
as a synchronous motor, 

A motor-dynamo consists of a motor and a dynamo mounted on the same 
base and coupled together by a shaft. / 

‘A dynamotor has one field and two armature windings on the same core. 
One winding performs the functions of a motor armature, and the other those 
af a dynamo armature. : 5 

‘A booster is 2 machine inserted in series in a direct-current circuit to 
change its voltage. 1t may be driven either by an electric motor or other- 


wise 
ALTERNATING-CURRENT MOTORS, 


Ps 
Synchronous Motors.—Any alternator may be used as a motor, 
‘ provided it be brought into synchronism with the generator supplying the 
current to it. The operation of the alternating-current motor and generator 
is similar to the operation of two generators in parallel. It is necessary to 
supply direct current to the field. The field circuit is left open until the 
machine is in phase with the generator If the motor has the same number 
of poles as the generator. it will run at the same speed; if a different number 
the speed will be that of the generator multiplied by the ratio of the number 
of poles of the motor to that of the generator. Single-phase, synchronous 
motors are not self-starting. Polyphase motors may be made self-starting 
but it is better to bring the machines to speed by independent means before 
supplying the current. The machines may be started by a small induction 
motor, the load on the synchronous motor being thrown off, or the field 
may be excited by a small direct-current generator belted to the motor. and 
this generator may be used as a motor to start the machine, current to run 
it being taken from a storage battery. If the field of a synchronous motcr 
be properly regulated to the load, the motor will exercise no inductive effect 
on the line, and the power factor will be 1. If the load varies the current 
in the motor will either lead or lag behind the e.m.f. and will vary the 
power factor. If the motor be overloaded so that there is a diminution of 
speed the motor will fall out of step with the generator and stop. 
Synchronous motors are often put on the same circuit with induction 
motors. The synchronous motor in this case may, by increasing the field 
excitation, be made to cause the current to lead, while the induction motor 


1072 ELECTRICAL ENGINEERING, 


will cause it to lag. The two effects will thus tend to balance each other 
and cause the power factor of the circuit to approach 1. 

Synchronous motors are best used for large units of poe at high voltages, 
where the load is constant and the speed invariable. They are unsatis- 
factory where the required speed is variable and the load changes. Two 
great disadvantages of the synchronous motor are its inability to start 
under load. and the necessity of direct-current excitation. 

Induction Motors.—The distinguishing feature of an induction motor 
is the rotating magnetic field. It is thus explained: In Fig 192 let ab, cd 
be two pairs of poles of a motor, a and b being wound from 
one leg or pair of wires of a two-phase alternating circuit, 
and cand d from the other leg, the two phases being 90° 
apart. At the instant when a and b are receiving maxi- 
mum current, so as to make @ a north pole and b a south 

ole, c and d are demagnetized. and a needle placed 
tween the poles would stand as shown in the cut. Dur- 
ing the progress of the cycle of the current the magnetic 
flux at a decreases and that at ¢ increases. causing the 
Fic. 192 point of resultant maximum oe to shift, and the 
. if needle to move clockwise toward c. complete rotation 
of the resultant point is performed during each cycle of the current. 
An armature placed within the ring is caused to rotate simply by the shift- 
ing of the magnetic field without the use of a collector rmg. The words 
“rotating magnetic field” refer to an area of magnetic intensity and must 
be distinguished from the words “revolving field ’’ which refer to the por- 
tion of the machine constituting the field-magnet. : : 

The} field or “‘ primary’ of an Induction motor is that portion of the 
machine to which current is supplied from the outside circuit. 

The armature or ‘secondary ” is that portion of the machine in which 
currents are induced by the rotating magnetic field. Exther the primary or 
the secondary may revolve. In the more modern machines the secondary 
revolves. The revolving part is called the “rotor,” the stationary part the 
“stator.” The rotor may be either of the ring or the drum type, the drum 
type being more common. A common type of armature is the “‘squirrel- 
cage.” It consists of a number of copper bars placed on the armature core | 
and insulated from it. A copper ring at each end connects the bars. The 
field’ windings are always so arranged that more than one pair of poles 
are produced. This is necessary in order to bring the speed down to a 
practical limit. If but one pair of poles were produced, with a frequency 
of 60, the revolutions per minute would be 3600. 

The revolving part of an induction motor does not rotate as fast as the 
field. except at no load When loaded, a slip is necessary, in order that the 
lines of force may cut the conductors in the rotor and induce currents 
therein. The current required for starting an induction motor of the squir- 
rel-cage type under full loadiis 7 or, 8 times as great as the current for 
running at Pul-load. A type of induction motor known as ‘ Form L,” built 
by the General Electric Co., will start with the full load current, provided 
the starting torque is not greater than the torque when running at fullload 

Induction motors should be run as near their normal primary e.m.f. as 
possible, as the output and torque are directly pase ions to the square 
of the primary pressure A machine which will carry an overload of 50 
per cent at normal e.m.f. will hardly earry its full load at 80 per cent of the 
normal e.m.f. ; 

‘An induction motor exercises its greatest torque when standing still, and 
its least when running in synchronism with the rotating field. If it be over- 
loaded it will slow down until the induced currents in the armature are 
sufficient to carry the load. 


_ ALTERNATING-CURRENT CIRCUITS, 


_ Calculation of Alternating-current Circuits.—The follow- 
ing formule and tables are ‘issued by the General Electric Co. They 
afford a convenient method of caiculating the sizes of conductors for, and 
determining the losses in. alternating-current, circuits. They apply to cir- 
cuits in which the conductors are spaced 18 inches apart. but a slight in.~ 
crease or decrease in this distance does not alter the figures appreciably. If | 
the conductors are less than 18 inches apart, the loss of voltage is decrea: 

and vice versa. 
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Let W=total power delivered in watts; 
D=distance of transmission (one = in feet; 
P*=per cent loss of delivered power (W); 
E=voltage between main conductors at consumer’s end of circuit; 
K=a constant; for continuous current = 2160; 
7’ =a variable depending on the system and nature of the load; for 
continuous current =1; 
M<=a variable, depending on the size of wire and the frequency; 
for continuous current =1; 
Aes factor; for continuous current =6.04. 
zi a : DXWXK 
Area of conductor, circular mils PME 8 


Current in main conductors = wx uF, 


eo POR OME, 
Volts lost in lines = a baOOS Sui 


_ DXWXKXA 
Pounds copper = PX 3X 1,000,000" 
The following tables give values for the various constants: 


Value of K. Value of 7. og 
Per cent of Ba 
Power Factor. GR) 
100 | 95 | 85 | 80 |100| 95 | 85 | 80 ts 
System: 3 
Single-phase...... _2160}2400|3000|3380]1.00)1.C5/1.17)1 25) 6.04 
Two-phase 4-wire . 1080}1200]1500|1690| .50] .53) .69) 62/12 08 


Three-phase, 3-wire 1080|1200|1500|1690] .58) .61] .68) .72) 9.06 


Values of M 
25 Cycles. 60 Cycles. 125 Cycles. 
r we wef ie | ae ore ee 
S Fc o/28/ S| S|#8} @| Bi/28] @ 
& a wl on bw H os H a ees 
2 H go | WS 3 o | oo I 6 |: 6 8 
CJ Gi Be pase 2 6/4 Pe S| 2 
o 3 RU eist| Sie eS) |S be Sl eeee nine acts 
: 8 be | oe | ge | Be | Bal ae | SS] Be | ae 
Ee A 8 nl au| On|] Se] Gu] On] Ba] Su] CB 
% 5 SI SS] eS] SCS] nS] oS] CS | uP] a 
< é mE | AE & =| me] B)| HE | SE] ee] s Ee 
. & |BO|S8o|80|50] 80) 80) eo) se! a 
6 § Tao | BA | SA | eee | OPN | SA | TwRY | Oh 6m 
4 ns) a = 4 a = 4 a = 
0000 | 211,600] 1.23} 1.33] 1.34] 1.62] 1.99] 2.09) 2 35 3.24) 3.49 
000 167 805} 1.18] 1.24! 1.24] 1.49] 1.77) 1.95 2.08] 2.77) 2 94 
00 133.079 | 1.14] 1.16| 1.16] 1.34] 1.60] 1.66] 1.86) 2.40 2.57 
0 105,592 | 1.10] 1.10] 1.09] 1.31] 1.46] 1.49] 1.71) 2.13 2 25 
1 83.694] 1.07! 1.05] 1.03] 1.24] 1.34] 1.36) 1.56 1.88! 1.97 
2 66,373 | 1.05] 1.02] 1.00] 1.18] 1.25] 1.26) 1.45 VIO LAT 
3 52.633] 1.03] 1.00] 1.00] 1.14) 1.18] 1.17] 1.35] 1.53 1.57 
4 41,742 | 1.02] 1.00} 1.00] 1.11] 1.11} 1.10) 1.27 1.40) 1.43 
5 33,102] 1.00] 1.00] 1.00} 1.08] 1.06] 1.04) 1.21 1,30) 1.31 
6 26.250} 1.00] 1.00] 1.00] 1.05} 1.02} 1.00) 1.16 1,21] 1.21. 
7 20,816] 1.00] 1.00} 1.00} 1.03} 1.00) 1.00 1.12) 1.14] 1.13 
8 16,509 | 1.00] 1.00} 1.00] 1.02] 1.00) 1.00 1.09] 1.09] 1.07 


—_—___———————  ehsOOOOOO 
* P should be expressed as a whole number. not as & decimal; thus a 5 
per cent loss should be written 5 and not .05. : se 


1074 ELECTRICAL ENGINEERING. a 


Relative Weight of Copper Required in Different 
Systems for Equal Effective Voltages. 


Direct current, ordinary two-wire system........ PA eS crt 1.000 
= = three-wire system, all wires same size .......-. +... -375 
ne 22 oa = «« “neutral one-half size. -.......... -313 


Alternating current, single-phase two-wire. and two-phase four-wire 1.000 
Two-phase three-wire, voltage between outer and middle wire same 


as in single-phase two-wire........-.-..+ -729 

voltage between two outer wires same....... 1.457 

Three-phase three-wire..... 2... +--+ 0022s eee cece cee eee eneeees 750 
rs Os ERE AIRE SS hs oc nr) aby nee we eels Sainte lan eiglesah Mila 333 


The weight of copper is inversely proportional to the squares of the 
voltages, other things being equal. The maximum value of an alternating 
emf. is 1.41 times its effective rating. For derivation of the above figures, 
see Crocker’s Electrie Lighting, vol. ii. 


STANDARD SIZES OF ELECTRICAL MACHINES, 
(Chiefly Selected from Bulletins of the General Electrie Co.) 


Direect-driven Direct-current Generators for Lighting 
and Power. 


275 Volts. 


sg] = Dimensi 
Z FA " pe es amensions, 
= fou baeies| oe : 
ts & |°S log E A.| B.} C. 
6| 25] 205] 3.500 | 40 10 | 300| 150| 40,000 | 116) 199] 40 
6 10 | 400] 150| 55.000 145| 41 
é 10 | 400] 120} 62.000 147] 42 
6 14 | 550| 100; 82,000 180} 42 
é 18 | 800] 100} 95,000 206] 44 
8 18 | 1,000 | 100} 115,000 212| 46 
8 24 | 12600 | 100; 175,000 258] 54 - 
. | 


Direct-connected Direct-current Railway Generators. 
Form H. 575 Volts. 


a 2 4 st =. 4 é 
Fa ee Dimensions. a . = = mz Dimensions. 
= oa a | ¢ 126) 2A 
& F jalplol & | & jag} Fe” Jaleo 
6 15,000 | 81) 95) 28 10 500 | 100} 96,000 | 160} 178) 48 
6 29,000 99) 114) 35 10 500} 90}. 110,000 | 161} 180) 50 
6 39,000 | 116) 133) 37 10 500} 80} 118,000 | 162) 180) 51 
6 50,000 | 119) 136) 41 12 650] 90} 117,000 | 173} 188} 48 
6 58,000 | 121) 140) 48 12 $00} 120} 113,000 | 173) 188) 48 
8 55,000 | 125} 141) 41 14 800 | 100} 118,000 | 185) 200) 46 
8 65,000 | 129) 145] 45 14 800 | 80} 135,000 | 187} 201) 48 
8 75.000 | 130] 146| 48 || 16 | 1,000] 80] 150,000 | 187] 209) 50 
8 68,000 | 132, 148] 45 || 18 | 1,200| 80) 156,000 | 196| 221) 48 
8 79,000 | 135) 150) 48 22 |1,600] 75} 180,000 | 230} 245) 48 
8 90,000 } 138] 152] 59 2000} 75] 188,000 | 255] 312) 52 
10 81,000 | 145) 154) 45 28 | 2,400} 75 


Dimensions in inches: A, height of frame above floor. B, diameter of © 
frame at base. C, width of frame base. 
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Belted Generators. omuounds or Shunt-wound. 


ype OE. 


Dimensions, Inches.* _ 


Poles. | Kw. | Speed. AUP AG? “tte | a tw | | D | 
ce a Bia elem 
0 a ele baie 
3 Bi ie “| & ' eso | 38 | 22 | 21 | 56 | 4% 
lege aeen ie |Site Wms 
4 i 1,00 88 it { 1,240 41 | 32 | 27 934) 7 
4 | it | 1500 | 120 | 60 | 1,660 49 | 33 | 30 | 10 | 8% 


(a) Fullload, 125 volts; no load voltage, 120. (b) Full load, 250 yolts; no 


load voltage, 240. 


Belted Generators. Slow Speed. Form HM (Four Poles). 
Amperes, full load. x Dimensions, Inches.* 
Kw. | Speed. teh 
125 V.|250 V.|500 V. i A. B. (Oy D. E. 
og| 950 | s2| 26| 13 | 1,030 | 38 | 6 | 26 | 11 | ay 
9 900 72 | 386] 18 7435 | 48 | 40 | 29 | 11%! 6 
ws | 0 | 108) bh) a ee | oy | ae | ae Lia 8 
7 "665 | 57 6 18 8 
20 7 160} 80] 40 3350 | 61 | 53 | 39 oo 10 
30 67: 240 120 60 4,935 68 59 46 20%] 11 
40 605 | 3820] 160] 80 5,690 | 72 | 63 | 49 | 2284) 15: 
50 600 | 400} 200] 100 7140 | 79 | 66 | 52 | 28 | 18 
vi) 550 600 | 300} 150 8,800 92 68 56 25 24 
Pirect-current Motors, Wype CE. 
Speed (Shunt-wound). | we; eht Dimensions, Inches.* 
Lbs. ” 
110 V.|115 V.|125 V.|500 V. We) es 5 Yel Fas ON 3 9S Mn 
2 | 1,000 | 1,025 | 1,075 | 1,200 i 
g | 100 | 10 1810 | 1600 } 335 os | iz | 20 | 5 | 4 
5 1025 | 1,075 | 1,2 
5 1980 | ns ts 1800 465 si | 20 | 20 | 5 | 4% 
5 75.1 1,000 | 1,050 | 1,25 : 
is 1490 | 1525 1360 | 1.650 t 540 33 | 92 | at | 5 | 416 
714) 795 | ‘81 1 - 
10° 1,820 | 1,200 1,810 1,500 + 800 38 | 26 | 24 | 14) 6 
5| 650] “685| 800 : 
15 is 1,000 1050 1,20 ' 1,150 41 | 32 | 27 -| 934] 7 
1 750 | 7 
20 | 1,000 | 1,040 | 1,125 | 1,125 1,400 49 | 83 ) 80 | 10 | 84 


4 


Se Se 
Speeds for 220, 230, and 250 volts are the same as for 110, 115, and 125 volts. 
Spon 6 aaa sie aT eS aE a ae SE 


* Dimensions in inches: A, length over allin direction of shaft, including 


py ; B, width or diameter at feet of frame ; C, height above floor; D, 
iameter of pulley: E, face of pulley. 


+ With rails ; includes pulley, but not wood base-frame. 
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STANDARD BELTED MOTORS AND GENERATORS. 
(Crocker-Wheeler Electric Co., 1898.) 


Output. Effi- ees: Den Size of |°. 


Net Over All. , | Pulley. |O 


» - 
-| Motor. Dynamo as see i 
é | {22 2 : 
i} : -| 3) 3 sia 3 | J 

Poe | regi (atta ere (cen Nero Vat EL ka ean ae sieo eeecboal ore atl es 
Sis) Ble | ki8Bal sa) gs] eye [el eis 
a 4) OO |a!] 4 jolie l2 Hq q Als la 
225 4) 225 | 400/200 450/88 |93 80000} 133 | 7334 | 6714 188 [29 145 
150 6} 150 | 400/130 450/85 192 11300} 85 6516 | 07 23° 45 

100 4) 100 | 600} 90 650/88 |92 11000} 78' 5814 | 5134 /23 |16 
7 4) %5 | 625; 60 675}90 |92 6500} 6984 | 5214 | 4644 |20 [14 |45 
50 4) 50 | 650) 45 700}89 |9116| 4500) 61 4614 | 42 17 {12 145 
35 4) 35 | 700) 31.5 | 750/88 91 8350, 54% 4014 |. 8714 }15 jl [45 
25 4| 25 | 750} 22.5 | 825/86 8814) 2400) 4676 | 36 13°] 9 145 
15 4; 15 } 800) 13 900 88 1510) 41 31 2834 }11 | 8 {45 
10 2] 10 | 850) 10 1000)82 "|87 920} 3614 | 2534 | 234419 | 7 |45 
714} 2) 746} 900} 7.5 |1050/83 [86 760) 33 2114 | 8 6 |45 
5 2; 6 | 950) 5 1100)82 {85 510) 2844 | 218g | 19144 | 7 15 {45 
3 2} -3 | 975) 3 1175/80 |843¢6) 410) 185g | 16144 | 6 | 414/45 
2 2) 2 41000) 2 1200/75 |82 288) 22: 1534 | 144415 | 4 145 
1 2) 1 |1000) 1 1300/76 |81 205) 19144 1344] 4 | 344/45 
21 % |1200 -5 |1600/67 {7 100} 1734 | 1234 | 10 3-| 38 145 
2) 44 11875 -25}1800/55 {73 70) 15 105g | 85g] 3 | 214/45 
1/6|1600| — :11/2200/55  |61 27| 97% | Sig} 646 | 1461 1° 45 


Small Belted Dynamos and Motors (4=-pole). 
(Crocker-Wheeler Co.) 


Motor Dynamo wey Dimensions, Inches, 
Rize Output. Speed. Speed. 24 (See foot-note on p. 1077.4 
; 15 15 Ao ; 
H.P.| Kw. |o39 v,|500 V.lasq y,/550V.| & | A. | B. |'p, | mB. 
“3 | 24 | 975| 1,100] 1,200| 1,400 11... 
3 { 4 aig | 1,800 | 1.375 100 1700 $205 | 21 | 48 6 | 4% 
50.| 1,100} 1,150 | 1/37 L 
5 634 04 1,150 | 1,360 | 1,400 | 1,700 t400} 22 | 29 | 7 | 5 
. 6 75| "925 | 1,050.| 17150 : 
764 98 | 844 | 1,100 | 1,175 | 1.300 | 11450 { 540 Ro jel | 8 
Bi-polar Dynamos and Motors. (Crocker-Wheeler Co.) 
Motor Dynamo 
Output. Net Hey. 
Siz Misses ae Weight, Pulley 
ELP.| Kw. |939 v,|500 V.lon9-y.(550-V.| 7S: | piam.| Face. 
Bit ee 24 (bee 975 | 1,025 | 1,800] 1,460| 288 5 4 
She eee ..| 1,500 | 12500 
1 ; 1 1 1,000 | 1,050 | 1,800] 1,450] 205 4 3% 
14 ee Pe «| 1,450 | 12550 
% 1% | 1,200 1,350] 1,600] 1,750] 100 8 8 
Ye YG 14 — | 1,400] 1,600 | 1;800 | 17950 fi 3 214 
1/6 | 1/6 | 110 watts 1,600 | 1:600 } 2200]... 27 1% 1 
T/S2 PEAY 25 asian y'ngeied | 315 000) lives lerellisleralcratel pe esate 19 144 | Grooved 
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Direct-connected Alternators. (General Electric ©o.) ~ 
25 CYCLES. 
Poles. Kw. R.P.M.|Poles. Kw. R.P.M.{Poles. Kw. R.P.M. (Poles. Kw. R.P.M. 
12 72 250 24 860 125 28 810 107 82 1800 94 
12 108 =©250 28 360 107 382 810 94 40 1800 5 


From 360 to 810 kw. the machines are wound for 370 volts ; from 72 to f 
810 kw. for 480 volts; from 310 to 6000 kw. for 2300 volts; and from 360 to 6000\ 
kw. for 6600 and 13,200 volts. ca 

60 CycLEs. : 
Poles. Kw. R.P.M.|Poles. Kw. R.P.M Poles. Kw. R.P.M,|Poles. Kw. R.P.M. 
26 72) «276 56 360 128.5 | 60 810 120 80 1800 90 
28 108 257 64 360 112.5 | %2 810 100 72 2700 100 
32 160 =. 225 48 540 =—-:150 60 1200 120 84 2700 86 


From %2 to 360 kw. the machines are wound for 240 volts ; from %2 to 
4200 kw. for 480 volts ; from 72 to 2700 kw. for 2300 volts; from 540 to 2700 
kw. some machines are wound for 6600 volts. 

The kw. ratings in the above table are based on the load that may be 
carried without a rise in temperature of any part exceeding 40° C. above the 
surrounding atmosphere when running continuously. with non-inductive full 
load. An overload of 25%, non-inductive. may be carried for two hours with- 
out heating more than 55° C. When full non inductive load is thrown off, 
with fixed normal excitation, the voltage will rise approximately 8%. When 
full load with 80% power factor is thrown off, with fixed excitation, the rise 
will be approximately 22%" 

‘A rating one-sixth less is given all machines for a rise of temperature not 
exceeding 35°C. above surrounding atmosphere. 


Belt-driven Alternating-current Generators, 60 Cycles. 


Size. Kw... ---eeceeesee 30 50 95 100 150 200 
No. Of polesS...+.-ss:seeeee 6 6 8 8 12 12 
Speed, r.p.m....--+.- memes 1200 4200 900 900 600 600 


ed, 7.p.m 

eight, with rails, Ibs..... 3000 8800 4750 5850 8100 9650 
Floor-space with rails, ins. 51x 56 58x56 68x6% 74x67 80x 79 87x79 
Size of pulley, ins.....---- 16x7 16x10 21x13 21x15 82x19 82 x 23 


Induction Motors. 60 Cycles. 


FP. ee.e eee . 1 2 8 5 %.5 10 15 20 30 40 50 7 100 150 200 
Poles ,.-..--+ ad 6 GeO Ono 8 B50 AO eae 
Speed .....-- —_4800-— ——=1200—_ - —900-— 720 600 600 5i4 
Weight ..-.-- 210 300 375 600 700 812 1062 1500 2380 3000 3490 5220 6800 9000 11000 


Width, ins.*. 19 20 22 24 26 29 34 86 48 48 50 60 57 67 GT 
Length, **... 24 28 28 42 42 46 46 57 57 57 59 64 78 78 102 
Pulley, diam. 414 444 448 8 8 8 13 18 18 16 16 26 28 36 

«width. 244 214 2146 4 5 6 Veni eae Ces wails beedei® nay.) 23 


ye direction of shaft, Form K motors. Forms Land M are 4 to 10 ins. 
er. 
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SYMBOLS USED IN ELECTRICAL DIAGRAMS, 


cr co SPST ry w 
err Gy alesse 


3 Seo Galvanometer. Ammeter. Voltmeter. Wattmeter 


Switches: 4S, single; ANIA Witt Se 
D, double; P, pole; N ‘i 
T throw. on-inductize Inductive *} Capacity 
: Resistance. Resistance. or Condenser, 
Lamps. Motor Shunt-wound Motor __ Series- wound 
or Generator. or Generator. Motor or Generator., 


6 £€4 Bac 


Two-phase Three-phase Battery. Trans- Compound- Separately 
Generator. Generator. former. wound Motor excited Motor 
or Generator. or Generator. 


APPENDIX. 


STRENGTH OF TIMBER. 


Safe Loads in Tons, Uniformly Distributed, for Whites 
oak Beams. 


(In accordance with the Building Laws of Boston.) 


\ W = safe load in pounds; P, extreme fibre- 
4PBD2 stress = 1000 Ibs. per square inch, for white 
Formula: W= —7-— oak; B, breadth in inches; D, depth in inches; 
L, distance between supports in inches. 
=H 8 Distance between Supports in feet. 
2 
88 
un 


Safe Load in Tons of 2000 Pounds. 


2x6 | 0.67| 0.50]0.40/0.36/0.33/0.29]0.27/0.25|0.24/0.22 | | 
2x8 | 1.19} 0.89}0.71/0.65/0 59/0 .51/0.47/0.44/0.42/0.40/0.37/0.34(0.31 |0.28 
2x10 | 1,85) 1.89]1.11]1.01)0. 93/0. 79/0. 74/0.69/0.65|0.62/0.58/0.53/0.48 |0.44/0.43 
2x12 | 2.67) 2.00)1.60]1.45]1.33)/1.14)1.07/1.00}0.94|0.89,0.84)0.76)0.70 10.64)0.62 
8x6 | 1.00) 0.75/0.60]0.55|0.50)0. 43/0.40/0.37|0.35/0.33]/0.32/0.29)0. 26 
8x8 | 1.73) 1.33/1.07/0.97/0,89/0. 76,0.7110.67/0.63)0.59/0.56/0.51/0.46 |0.43/0. 41 
3x10 } 2.78) 2.08]1.67/1.52/1.89/1.19)1.11]1 04/0, 98/0.93]/0.88]0.79/0.7210.67|0.64 
3x12 | 4.00) 3.00/2.40/2.18]2.00]1.71|1.60}1.50)1.41)1.33)1.26/1.14/1.04|0.96]0.92 
8x14 | 5.45] 4.08)3.27/2.97/2. 72)2.87/2. 18]2.04}1 .92]1.82/1.72)1.56]1.42/1.31)1.25 
3x16 | 7.11) 5.33/4,27/3.88/3.56)3 .05|2.84/2.67/2.51/2.37/2.25/2.03/1.86)1.71|1.64 
4x10 | 3.70} 2.78/2.22)/2.02]1.85/1.59]1.48}1.39/1.31/1.23]1.17/1.06/0.97 ]0.89]0.85 
4x12 | 5,33] 4.00/3.20|2. 91/2. 67/2. 29]2.13]2.00]1.88/1.78)1.68]1.52/1.39/1.28]1.28 
,4x14 | 7.26] 5.44/4.36/3.96|3. 63)3.11/2 90/2. 72/2. 56/2.42/2,29/2.0711.90}1.74)1.68 
4x16 | 9.48] 7.11]5.69|5.17|4.74/4.06/3.79/3.56/3.35)3. 16/3.00/2. 7112.47 /2.28)2.19 
4x18 |12.00] 9.00}7.20/6.55|6.00|5.14/4.80/4.50)4.24/4.00/3.79/3.43/3.13|2.88/2.77 


For other kinds of wood than white oak multiply the figures in the table 
by a figure selected from those given below (which represent the safe stress 
per square inch on beams of different kinds of wood according to the build- 
ing laws of the cities named) and divide by 1000, 


White Yellow 

Hemlock.| Spruce. pine, Oak. Rings 

New York...... 800 900 900 1100 1100* 
Boston. ... wiht.4 750 750 1000+ 1250 
Chicago.... AA 900 1080 1440 


* Georgia pine. t White oak. 
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MATHEMATICS, 
Formula for Interpolation, 
= = — 1)(n —2Xn — 
Gy = ay + (0 ~ dy + S—DE—® g, ¢ C@— DE“ BO—D gs, a 


a, = the first term of the series; n, number of the required term; a,, the 
required term; d,, dg, ds, first terms of successive orders of differences 
between a, Gg, ds, a4. Successive terms. ; 3 % 

— uired the log of 40.7, logs of 40, 41,42, 43 being given as 


below. 
Terms @,, Gg, G3, Gg: 1.6021 1.6128 1.6232 1.6335 
ist differences: O10T =—.0104 = 0108 
2d ‘ — .0003 — .0001 
ad ig + .0002 


For log. 40 n = 1; log 41 n = 2; log 40.7 n=1.7,n —1 = 0.7,n—2=—03, 
1.3. 


n—3=—.1. 
a, = 1.6081 + 0.7¢0107 4. 0-0 a = 000) _, 0.7 — 03K — 1.3){.0002) 


= 1.6021 + .00749 + .000031 + .000009 = 1.6096 +. 


Maxima and Minima without the Caleulus,—In the equation 
y= a+ bz + cr}, in which a, b, and c are constants, either positive or neg- 
ative, if c be positive y is a minimum when z = — 5 + 2e; if c be negative y 
is a maximum when z = — b+ 2c. In the equation y= a + br + ¢/z,yis 
& minimum when bz = ¢/z. ; 

APPLicaTion.—The cost of electrical transmission is made up (i) of fixed 
charges, such as superintendence, repairs, cost of poles, ete., which may be 
represented by a; (2) of interest on cost of the wire, which varies with the 
sectional area, and may be represented by bz; and (3) of cost of the energy 
wasted in transmission, which varies inversely with the area of the wire, or — 
Fe me ven cost, y= a+ bx + c/x, isa minimum when item 2 = item 

or =¢/x 


RIVETED JOINTS. 


Pressure Required to Drive Hot Rivets.—R. D. Wood & Co., 
Philadelphia, give the following table (1897): i 


Power To Drive Rivets Hor. 


Size, | Girder- | Tank- Boiler- Size Girder-| Tank- | Boiler- 
E work, work. work. 3 work. work. work. . 
in, tons. tons. tons. in. tons, tons. tons. 
9 15 20 1% 38 60 73 
12 18 25 1%4 C5) 70 100 
15 22 33 1% 60 to) | 13 
22 30 5 1% 7 100 j 150 
1 30 45 60 : 


The above is based on the rivet passing through only two thicknesses of 
plate which together exceed the diameter of the rivet but little, if any. 

_ As the plate thickness increases the power required increases approxi- 
mately in proportion to the square root of the increase of thickness. Thus, 
if the total thickness of plate is four times the diameter of the rivet, we 
should require twice the power given above in order to thoroughly fill the 
rivet-holes and do good work. Double the thickness of plate would increase 
the necessary power about 402. 

It takes about four or five times as much power to drive rivets cold as to’ 
drive themhot. Thus, a machine that will drive 34-in. rivets hot will usually 


drive $g-in. rivets cold (steel). Baldwin Locomotive Works drive ein. soft- 
iron rivets cold with 15tons. =. : 


=. 
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stream with an axe, however heavy the blow, as it will rebound just as it 


would from a steel rod travelling at a high rate of speed. 

The London Hydraulic Power Co. has a large number of Pelton wheels 
from 12 to 18 in. diameter running under pressure of about 1000 Ibs. per. sq. 
in. from a system of pressure-mains, The 18-in. wheels weighing 30 Ibs. have 
a capacity of over 20H.P. (See Blaine’s “ Hydraulic Machinery,"’) 

Hydraulic Power-hoist of Milwaukee Mining Co., Idaho.—One cage travels 
up as the other descends; the maximum load of 5500 Ibs. at a’speed of 400 
ft. per min. is carried by one of a ie gl of Pelton wheels (one for each ca ge). 
Wheels are started and stopped by opening and closing a small hydraulic 
valve at the engineer’s stand which operates the larger valves by hydraulic 
pressure. An air-chamber takes ve the shock that would otherwise occur 
on the pipe line under the pressure due to 850 ft, fall. 

The Mannesmann Cycle Tube Works, North Adams, Mass., are using four 
Pelton wheels, having a fly-wheel rim, under a pump pressure of 600 lbs. per 
sq.in. These wheels are direat-connected to the rolls through which the 
ingots are passed for drawing out seamless tubing. 

he Alaska Gold Mining Co., Douglass Island, Alaska, has a, 22-ft, Pelton 
wheel on the shaft of a Riedler duplex compressor, It is used as a fly- 
wheel as well, weighing 25,000 lbs.—and develops 500 H.P. at 75 revolutions. 
A valve connected to the pressure-chamber starts and stops the wheel 
automatically, thus maintaining the pressure in the air-receiver. 

At Pachuca in Mexico five Pelton wheels having a capacity of 600 H.P. 
each under 800 ft. head are driving an electric transmission plant. These 
be conte nelen less than 500 Ibs. each, showing over a horse-power per pound 
of metal. 

Formulz for Valaiatt es. the Power of Jet Water- 
Wheels, such as the Pelton (F. K. Blue).—HP = horse-power delivered: 

= 62.36 Ibs. per eu. ft.; H= efficiency of turbine; g = quantity of water, 
cubic feet per minute; h = feet effective head; d = inches diameter of jet; 
Pp eA eed per square inch effective head; c= coefficient of discharge from 
nozzle, which may be ordinarily taken at 0.9. 


SHgh 


HP = gap09 = -00189Hgh = .00486 gp =.00496 Hed? 8 = .0174Ecd? 4/8, 
HP HP = 
— —— = ——. a On 2 oy 2 
q= 529.2 Te = 229 Tip 2.62cd2 Wh = 8.99cd? 4/p, 
a tes BOC apr: 4 Ps a PE eg, | 
Ec V8 Ec V'p3 cVh cVp 
GAS FUEL, 


Average Volumetric Composition, Energy, etc., of Vari- 
ous Gases, (Contributed by R. D. Wood & Co., Philadelphia, 1898.) 


Natural | Coal- | Water-] Producer-gas. 


———— Air 
Gas, gas.) 888. | Anthra.| Bitum, 
0.50 6.0 45.0 27.0 27.0 
2.18 46.0 45.0 12.0 12.0 
{ 92.6 40.0 2.0 1.2 2.5 
0.31 BO Wieck skGs; | stietstes Ce 0.4 
0,26 0.5 4.0 2.5 2.5 
8.61 1.5 2.0 57.0 55.3 
0.34 0.5 0.5 0.3 0.3 
dreeeteeuatule -1.5 DEIN | atsaiieconicthor sick See 
45.6 82.0 45.6 65.6 D. 
H. U. in 1000 cu. ft. 1,100,000 735,000 | 322,000 | 137,455 156,917 oe 
of coal approx...|.......... 5 25 85 75 200+ 


*The real energy of bituminous producer-gas when used hot is far in 
excess of that indicated by the above table, on account of the hydrocarbons, 
which do not show, as they are condensed in the act of collecting the gas 
for analysis. In actual practice there is found to be about 50% more effective 
energy in bituminous gas than in anthracite gas when used hot enough te 
prevent condensation in the flues. 

+ Cubic feet of air required to burn 1 Ib. of coal with blast, 


i 
W 
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\ STEAM-BOILERS. 


Steam-boiler Construction, (Extract from the Pules and Speci- 
fications of the Hartford Steam Boiler Inspection & Insurance Co., 1898.) 

Cylindrical boiler shells of fire box steel, and tube-heads of best flange 
steel, Limits of tensile strength between 55,000 and 62,000 Ibs, per sq. in. 

iron rivets in steel plates, 38,000 lbs. shearing strength per sq in. in 
single shear, and 85% more. or 70,300 Ibs., in double shear. 

Each shell-plate must bear a test-coupon which shall be sheared off 
and tested. Eachcoupon must fulfil the above requirements as to tensile 
strength, but must have a contraction of area of not less than 56% and 
an elongation of 25% in alength of 8in. It must also stand bending 180° 
when cold, when red hot, and after being heated red hot and quenched in 
cold water. without fracture on outside of bent portion. 

Crow-foot braces are required for boiler-heads without welds, and if of 
iron limit the strain to 7500 lbs. per sq..in., and stay-bolts must not be sub- 
jected toa greater strain than 6000 lbs. per sq. in, 

The thickness of double butt-straps 8/10 the thickness of plates. In lap- 
joints the distance between the rows of rivets is 24 the pitch, In double- 
riveted lap-joints of plates up to 14 in. thick the efficiency is 70% and in 
triple-riveted lap-joints 75% of the solid plate. 

In triple-riveted double-strapped butt-seams for plates from 1 in. to 14 in. 
thick, the efficiency ranges from 88% to 86% of the solid plate. 

In high-pressure boilers the holes are required to be drilled in place; that 
is, all holes may be punched }4 in. Jess than full size, then the courses are 
rolled up, tube-heads and joint-covering plates bolted to courses, with all 
holes together perfectly fair. Then the rivet-holes are drilled to full size, 
and when completed the plates are taken apart and the burr removed. 

The rule for the bursting-pressure of cylindrical boiler-shells is the follow- 
ing: Multiply the ultimate tensile strength of the weakest plate in the shell 
by its thickness in inches and by the efficiency of the joint, and divide result 
by the semi-diameter of shell; the quotient is the bursting-pressure per 
square inch. This pressure divided by the factor 6 gives the allowable 
working pressure. 


BOILER FEEDING. 


Gravity Boiler-feeders.—If a closed tank be placed above the 
level of the water in a boiler and the tank be filled or partly filled with 
water, then on shutting off the supply to the tank, admitting steam from 
the boiler to the upper part of the tank, so as to equalize the steam-pressure 
jn the boiler and in the tank, and openinga valve in a pipe leading from the 
tank to the boiler the water will run into the boiler. An apparatus of this 
kind may be made to work with practically perfect efficiency as.a boiler- 
feeder, as an injector does, when the feed-supply is at ordinary atmospheric 
temperature, since after the tank is emptie of water and the valves in the 
pipes connecting it with the boiler are closed the condensation of the steam 
remaining in the tank will create a vacuum which will lift a fresh supply of 
water into the tank. The only loss of energy in the eycle of operations is 
the radiation from the tank and pipes, which may be made very small by 
proper covering. 

hen the feed-water supply is hot, such as the return water from a heat- 
ing system, the gravity apparatus may be made to work by having two 
receivers, one at a low level, which receives the returns or other feed-supply, 
and the other at a point above the boilers, A partial vacuum being created 
in the upper tank, steam-pressure is applied above the water in the lower 
tank by which it is elevated into the upper. The operation of such a 
machine may be made automatic by suitable arrangement of valves. (See 
circular of the Scott Boiler Feeder, made by the Q. & C. Co., Chicago.) 


FEED-WATER HEATERS. 


Capacity of Feed-water Heaters.—The following extract from 
a letter by W. R. Billings, treasurer of the Taunton Locomotive Manufactur- 
ng Co., builders of the Wainwright feed-water heater, to Engineering Record, 
February, 1898, is of interest in showing the relation of the heating surface 
of a heater to the work done by it: 

“Closed feed- water heaters are seldom provided with sufficient surface to 
raise the feed temperature to more than 200°. Th rate of heat trans- 
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mission may be measured by the number of British thermal units which 
pass through a square foot of tubular surface in one hour for each eogree 
of difference in. temperature between the water and the steam. The diffi- 
culties which attend experiments in this direction can only be appreciated 
by those who have attempted to make such experiments, Certain results 
have been reached, however, which point to what appears to be a reasonable 
conclusion. Oneset of experiments made quite recently gave certain results 
which may be set forth in the table herewith. 3 


; Aid Miwamiin cies ch +..» 67 B.T.U.} Transmitted in one 
Difference between | 6° .......c..cc000 79 Sy _ hour by each sq. ft. 
final tempera-} 8° “. Niertsoocc 89° =< of surface for each 
tures of water and } 11° “., <weoinnete Aka ncites degree of average 
steam 16g rarekauaars insider difference in temper- 

a ch ae te nl at seveelog... * atures. 


“In other words, when the water was brought to within 5° of the temper- 
ature of the heating medium, heat was transmitted through the tubes at the 
rate of 67 B.T.U. per square foot for each degree of difference in temperature 
in one hour. When the amount of water flowing through the heater was so 
largely increased as to make it impossible to get the water any nearer than 
within 18° of the temperature of the steam, the heat was transmitted at the 
rate of 133 B.T.U. per sq. ft. of surface for each degree of difference in 
temperature in one hour. Note here that even with the rate of transmission 
as low as 67 B.T.U. the water was still 5° from the temperature of the 
steam. At what rate would the heat have been,transmitted if the water 
could have been brought to within 2° of the temperature of the steam, or to 
210° when the steam is at 212° ? 

‘‘¥or commercial purposes feed-water heaters are given a H.P.rating which 
allows about one-third of a square foot of surface per H.P.—a boiler H.P. 
being 30 lbs. of water per hour. If the figures given in the table above are 
accepted as substantially correct, a heater which is to raise 3000 lbs. of water 
per hour from 60° to 207°, using exhaust steam at 212° asa heating medium, 
should have nearly 84 sq. ft. of heating surface—that is, a 100 H.P. feed-water 
heater which is to maintain a constant temperature of not less than 207°, 
with water flowing through it at the rate of 3000 Ibs. per hour, should have 
nearly a square foot of surface per H.P. That feed-water heaters do not 
carry this amount of heating surface is well known.” 


THE STEAM-ENGINE. 


Current Practice in Engine Proportions, 1897 (Compare 
pages 79% to 817.)—A paper with this title by Prof. John H. Barr, in Trans, 
A.5. M..B., xviii. 737, gives the results of an examination of the proportions of 
parts of a great number of single-cylinder engines made by different builders. 
The engines classed as low speed (L. S.) are Corliss or other long-stroke 
engines usually making not more than 100 or 125 revs. per min. Those 
classed as high speed (H. S.) have a stroke generally of 1 to 114 diameters 
and a speed of 200 to 300 revs. per min. The results are expressed in for- 
es of rational form with empirical coefficients, and are here abridged as 

ollows: 

Thickness of Shell, L. 8. only.—t = CD + B; D=diam. of piston in in.; 
B=0.3 in.; C varies from 0.04 to 0.06, mean = 0.05. 

Flanges and Cylinder-heads.—1 to 1.5 times thickness of shell, mean 1.2. 

Cylinder-head Studs.—No studs less than 34 in. nor greater than 13¢ in. 
diam, Least number, 8, for 10 in diam. Average number =0.7D. Average 
diam, = D/40 + lin. 

Ports and Pipes.—a = area of pork (or pipe) in sq. in.; 4 = area of piston, 
sq, in.; V = mean piston-speed, ft. per min,; a = AV/C, in which C= mean 
velocity of steam through the port or pipe in ft. per min. 

Ports, H. S. (same ports for steam as for exhaust).—C = 4500 to 6500, mean 
5500. re ordinary piston-speed of 600 ft. per min. a = KA; K=.09 to.! 
mean .11. 

Steam-ports, L. 8.—C = 5000 to 9000, mean 6800; K = .08 to .10, mean .09. 

Exhaust-ports, L. S.—C = 4000 to 7000, mean 5500; K = .10 to .125, mean .11. 

Steam-pipes, H, S.—C = 5800 to 7000, mean 6500. If d= diam. of pipe and 
D= diam. of piston, d = .29D to .82D, mean .30D. 

Steam-pipes, L. S.—C = 5000 to 8000, mean 6000; d = .27 to .35D, mean .32D, 

Exhaust-pipes, H. 8.—C = 2500 to 5500, mean 4400; d = .83 to .50D, mean 87D. 

Exhaust-pipes, L. S.—C = 2800 to 4700, mean 3800; d = .85 to .45D, mean .40D, 


: 
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Face of Pistons.F = face; D= diameter. F= CD. H.S.: C=.30 to .60 
mean .46. L.S.: C= .25 to .45, mean .32. 

Piston-rods—d = diam. of rod; D= diam. of piston; L = stroke, in.; 
d=CYVDL. H.S.: C= .12 to 175, mean 145. L.S.: C= .10 to .18, mean .11. 

Connecting-rods.—H. S. (generally 6 cranks long, rectangular section): 
b = breadth; h = height of section; L, = length of connecting-rod; D = diam. 
of piston; b= C VDL,; C= .045 to .07, mean .057; h = Kb; K=2.2 to 4, mean 
Sas aes (generally 5 cranks long, circular sections only): C = .082 to .105, 
mean .092. 

Cross-head Slides—Maximum pressure in lbs. per sq. in. of shoe, due to 
the vertical component of the force on the connecting-rod. H.S8.: 10.5 to 38, te 
mean 27. L.S.: 29 to 38, mean 40. 

Cross-head Pins.—l = length; d = diam.; projected area = a = dl = CA; 
A= area of piston; /= Kd. H.S.: C= .06 to .11, mean .08; K=1 to 2, 
lean 1.25. L.S.: C= .054 to .10, mean .07; K = 1to 1.5, mean 1.3. 

Crank-pin.—HP = horse-power of engine; L = length of stroke; 1 = length 
of pin; = C X HP/L + B; d= diam. of pin; A = area of piston; dl = KA. 
H.S.: C= .13 to .46, mean .39; B = 2.5in.; K = .17 to .44, mean 24, L.S8.: 
C= Ato .8, mean .6; B = 2in.; K = .065 to .115, mean .09. 


EE 

Crank-shaft Main Journal.—d =CVAP= WN; d =diam.; 1= length; V= 
revs. per min.; projected area = MA; 4 = area of piston. H.S.: C= 6.5to 
8.5, mean 7.3; K = 2to 3, mean2.2; M= .37 to .70, mean 46. L.S.: C=6 to 8, 
mean 6.8; K = 1.7 to 2.1, mean 1.9; M = .46 to .64, mean 56. 

Piston-speed.—H. 8.: 530 to 660, mean 600; L. S.: 500 to 850, mean 600. | 

Weight of Reciprocating Parts (piston, piston-rod, cross-head, and cne- 
half of connecting-rod).—W = CD? + LN?; D = diam. of piston; L = length 
ty on N=reys permin. H.S. only: C= 1,200,000 to 2,300,000, mean 

’ : - 

Belt-surface per 1.H.P.—S = CHP+ B; S = product of width of belt in 
feet by velocity of belt in ft. per min. H.S.: C= 21 to 40 mean 28; B = 1800. 
L.8.: S$ = CX HP.; C = 30 to 42, mean = 35. 

Fly-wheel (A. S. only).— Weight of rim in Ibs.: W = CX HP + D2N*;D,= 
diam. of wheel in in.; C= 65 X 10% to 2x £0!2 mean = 12 X 1021, or 
1,200.000,000,000. 

Weight of Engine per I.H.P. in Ibs., including fily-wheel_W = C X EP. 
H. S.: G = 100 to 135, mean 115. L.S.: C = 135 to 240, mean 175. 

Work of Steam-turbines. (Seep. 791.)—A300-H.P. De Laval steam- 
turbine at the 12th Street station of the Edison Eleetric Iluminating Co. in 
New York City in April, 1896, showed on a test a steam-consumption of 
19.275 Ibs. of steam per electrical H.P. per hour, equivalent to 17. .348 lbs. per 
brake H.P., assuming an efficiency of the dynamo of 90%. The steam- 
pressure was 145 lbs. gauge and the vacuum 26in. It drove two 100-K.W. 
dynamos. The turbine-disk was 29.5 in. diameter and its speed 9000 revs. 
permin. The dynamos were geared down to 750 revs. The total equip- 
ment, including turbine, gearing, and dynamos, occupied a space 13 ft. 3 in, 
long, 6 ft. 5 in. wide, and 4 ft. 3in. high. 

e “Turbinia,” a torpedo-boat 100 ft. long, 9 ft. beam, and 44% tons 
displacement, was driven at 31 knots per hour by a Parsons steam-turbine 
in 1897, developing a calculated I.H.P. of 1576 anda thrust H.P. of 946, the 
steam-pressure at the engine being 130 lbs. and at the boilers 200 Ibs. The 
yYaeuum was 13) Ibs. The revolutions averaged 2100 per minute. The 
calculated steam-consumption was 15.86 Ibs. per I.H.P. per hour. On 
another trial the * Turbinia ** developed a speed of 3234 knots. 

Relative Cost of Different Sizes of Steam-e es. 

(From catalogue of the Buckeye Engine Co., Part I. ; 


' 


| | 
100] 125| 150 | 200 | 250 


Horse-power ..| 50 | 75 300 600 | 700 | 800 
Cost per H.P, $} 20 i'6 16| 15 eas 1334) 13 |1234 ea lees 1314} 14 | 15 
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GEARING. 


Efficiency of Worm Gearing. (See also page 898.)—Worm gear- 
ing as a means of transmitting power, has until recently, generally been 
looked upon with suspicion, its efficiency being considered necessarily low 
and its life short. Recent experience, however, indicates that when prop- 
erly proportioned it is both durable and reasonably efficient. Mr. F. A. 
Halsey discusses the subject in Am, Machinist, Jan. 13 and 20, 1898. He 

uotes two formulas for the efficiency of worm gearing due to Prof, John 

. Barr: 


__ tana (1—f tana) 7 _ tana(1—ftan a) 
Be ge nel) Ue aan ara approx., . . . (2) 


in which # = efficiency; a = angle of thread, being angle between thread 
and a line perpendicular to the axis of the worm; f = coefficient of friction. 

Eq. (1) applies to the worm thread only, while (2) applies to the worm and 
step combined, on the assumption that the mean friction radius of the two 
is equal. Hq. (1) gives a maximum for Z when tana = Vi+ 72 — 58 oa AG) 
and eq. (2)a maximum when tan a = V2 + 4f? —2f..., (4) Using a value 
.05 for f gives a value for ain (8) of 43° 34’ and in (4) a value of 52° 49’, 

On plotting equations (1) and (2) the curves show the striking influence of 
the pitch-angle upon the efficiency, and since the lost work is expended in 
friction and wear, it is plain why worms of low angle should be short-lived 
and those of high angle long-lived. The following table is taken from Mr. 
Halsey’s plotted curves: ‘ 


RELATION BETWEEN THREAD-ANGLE SPEED AND EFFICIENCY oF WORM GEARS, 


Angle of Thread. 


nce of 
itch-line, : 
fost one 5 10 | 20 | 30 40 45 
minute, 
Efficiency. 
peewee Se EE OE Ed Ge 
3 35 52 66 73 76 vue 
i) 40 56 69 76 79 80 
10 47 62 74 ve) 82 82 
20 52 67 78 83 85 86 
40 60 74 83 87 88 88 
100 70 82 88 1 91 91 
200 76 85 91 92 92 92 


in the angle leading in every case to better results and a decrease to poorer 
results. He concludes with the following table from experiments be Mr. 
James Christie, of the Pencoyd Iron Works, and gives data connecting the 
load upon the teeth with the pitch-line velocity of the worm : , 


LIMITING SPEEDS AND PRESSURES OF WORM GEARING. 


re 
Y Double- Double- 
Single-thread thread thread 
Worm 1” Piteh, | Worm 2” Worm 2}// 
2% Pitch Diam, Pitch, 2% Pitch, 44 
Pitch Diam. | Pitch Diam. 
Revolutions per minute........ 128] 201) 272] 425] 128] 201] 272] 204 272) 425 
Velocity at pitch-line in feet 
per miniite. .: feline ee 96] 150} 205] 320) 96] 150] 205 235} 319] 498 


Limiting pressure in pounds. .|1'700/1300/1100 70/1100} 1100} 1100]1100} 700} 400 
SE ES EE eg Bs 
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APPROXIMATE HYDRAULIC FORMULE. 
(The Lombard Governor Co., Boston, Mass.) 


Head (H) in feet. Pressure (P) in Ibs. per sq. in. Diameter (D) in feet. 
Area (4) in sq. ft. Quantity (Q) in cubic ft. per second. Time (T)mseconds. 


Spouting velocity = 8.02 VH. 


atte (15) 0 See ee Ste a vertical pipe, or (T,) in a pipe 
on an angie (6) from 


T,=S8@ WH +2217, T,=8.2 VH+ 2.17 sine. 


ee ee P) which will vent any quantity (Q) through a 
round orifice of any diameter (D) or area (4): 


H=@+H1D, H=@=+ BBA: 
P= C+D, P= F=53A4%. 
. Quantity (Q@ discharged through a round orifice of any diameter (D) or 
area Cees aay pressure (P) or under any head (#): 
Q=VPxB3xB, Q= Prix D; 


23.7ox 423, Q= ¥Hx 1471 x Dt. 


Diameter (D) or area (4) of a round orifice to vent any quantity (Q) under 
any head (4) or under any pressure (P): 


= 7Q+38 7H, D=VQ+58 VP; 
A= Q+499VH, A=Q+7.354P. 


Time (7) of emptying a vessel of any area (4) through an orifice of any 
area (a) anywhere in its side: 


T= 4164 YH +a. 


Time (7) of lowering a water level from (H) to () in a tank through an 
orifice of any area(«)in its side. Area of tank is (4). 


T = 0416A\ YH- ¥h) +a. 


Kimetic energy (X) or foot-pounds in water in a round pipe of any diameter 
{D) when moving at velocity (V): 


K = 76x D®x Lx VF. 


Time-average-pressure (4. P.} ina pipe of any length (ZL) with water mov- 
ing at any velocity (7)> 
AP. = 0134LV + T. 


Note —This must not be confused with water-hammer pressure, which is 
always many times greater than 4.P. and for which no simple formula may 
be written. 

Area (a) of an orifice to empty a tank of any area (4) in any time (7) from 
any head (H): 

a=T+04094 VH. ? 


Area (a) of an orifice to lower water in a tank of area (4) from head () to 
{&) in time (7): 8 
a= T+ 0.409x Ax( H— ¥h)- 
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SPECIFICATIONS FOR TIN AND TERNE PLATE. 
(Penna. R. R. Co., 1902.) 


Each sheet must (1) be cut as nearly exact to size ordered as possible, 
(2) must be rectangular and flat and free from flaws, (3) must double- 
seam successfully under all Lge phe ace 


with no sign of fracture when bent throug! 


down with a wooden mallet, (5) must be so nearly like every other sheet in 
the shipment, in thickness, uniformity, and amount of coating, that no diffi- 
culty will arise in the shops due to varying thickness of sheets, and (6) must 
correspond for the different grades to the figures in the following table : 


Kind of Coating. as 
Amt. of coating per sq. ft... .. 0.0182 Ib. 


Grade TO es. weight per sq, ft. 0.49 


cB eegie 0.62 
SHB TK cs ee He Aro ah nl OT 
i TXXK we | gy 
LONE 0-0-0 6 qe a) 0.91 


APPENDIX, 


(4) must show a smooth edge 
an angle of 180° and flattened 


No. 1 No. 2 


° 
Terne Plate. | Terne Plate. 
¥% Tin, 34 Lead.|\4 Tin, 34 Lead. 


0.0364 Ib. 0.0182 Ib. 
0.51 0.49 . 
0.64 0.62 

0.73 0.71 

0.83 0.81 

0.93 0.91 
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capacity of conductors, 1067 
converters, 10’ 
delta connection, 1069 


_ 1093 


1094 alt-bal 
Alternating currents, frequency, 
1061 


generators for, 1070 
impedance, 1063 
impedance polygons, 1064-1066 
cadactacs: 1062 
induction motor, 1072, 1077 
Measurement of power in poly- 
phase circuits, 1069 
Ohm’s law applied to, 1064 
power factor, 1062 
reactance, 1063 
single and polyphase, 1068 
skin effect, 1063 
synchronous motors, 1071, 1076 
transformers, 1070 
Y connection, 1069 
Altitude by barometer, 483 
Aluminum, 167, 317 
alloys, 319, 328 (see Alloys) 
alloys, tests of, 330 
brass, 329 
bronze, 328 
bronze wire, 225 _ 
electrical conductivity of 1028 
solder, 319 
steel, 409 
strength of, 318 
wire, 225 
American base-box system, 182 
onia-absorption _ refrigerating- 
machine, 984, 987; test of, 997 
Ammonia-compression refrigerating- 
pastes: 983, 986; test of, 


Ammonia gas. properties of, 992 
Ammonia liquid. density of, 992 
specific heat of, 992 
pere, 1024 
Analyses, asbestos, 235 
of boiler scale, 552 
of boiler water. 553, 554 
of cast iron, 371-374 
of coals, 624-632 
of coal, sampling for, 632 
crucible steel, 411 
fire-clay, 234 
gas, 651 
gases of combustion, 622 
magnesite, 235 
Analytical geometry, 69-71 
Anchor forgings, strength of, 297 
Anemometer, 491 
Angle, economical, of framed struc- 
tures, 447 
of on of building material, 


Angles, Carnegie bulb, properties 
of, table, 278 
megie steel, 
table, 279a 

ork steel, weights and sizes, 


properties of, 


trigonometrical properties of, 66 
plotting without protractor, 52 
problems in, 37, 38 

Angular velocity, 425 

Animal power 433~435 
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panels, effect on conductivity, 


effect on steel, 392, 412 
influence of on magnetic capac. 
ity of steel, 396 

non-oxidizing process of, 389 

ee oe ee 413 sont 

of steel forgings, 

of structural steel, 394 
Annuities, 15-17 

ular gearing, 898 

Anthracite, classification of, 624 

composition of, 6 

sizes of, 632 

space occupied by, 625 
Anthracite-gas, 647 

ti-friction curve, 50, 939 

metals, 932 : 
Antimony, properties of, 167 

in alloys, 331, 336 
Apotheanee measure and weight, 

1 


Are, circular, 57 
circular, Huyghen’s approxima- 
tion of length of, 58; table, 114 
circular, relations of, 58 
Arc-lights, electric, 1041 
Arches, corrugated. 181 
flooring, 281 
tie-rods for, 281 
Area or circles 1-1000, table, 103- 
1 


of circles 3,-100, table advance 
ing by 4, 108-112 
of geometrical solids, 61-63 
of ee plane figures, 
54-4 
of irregular figures, 55, 56 
of sphere, 61 
of sphere, table, 118 
Arithmetic, 2-32 j 
Arithmetical progression, 11 
ature-circuit, e.m.f. of, 1056" 
Armature. torque of, 1056 
Asbestos, 235 
Asphaltum coating for iron, 387 
Asses, work of, 435 
Asymptotes of hyperbola, 71 
Atmnosp Pere, equivalent pressures 
of, 27 
pressure of, 481, 482 
moisture in. 483 
Atomic weights (table) 163 
Authorities, list of, 1089 
Avogadro’s law of gases. 479 
Avoirdupois weight, 19 
Axles, railroad, effect of cold. 384 
steel, specifications for, 397 
steel, strength of, 299 
Automatic cut-off engines 753 


Babbitt metal, 336, 33) 
Babcock & Wilcox boilers, tests 
with various coals, 636 
Bagasse as fuel, 643 
Balances, to weigh on incorrect, 19 
Ball-bearings, 94! 
alls, hollow copper, 289 
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Bands and belts, theory of, 876 
for carrying grain, 912d 
Bars, eye, tests of, 304 
iron, flat, commercial sizes of, 
table, 170 
iron, various shapes, commer- 
cial sizes of, 171 
Lowmoor iron, strength of, 297 
steel, effect of nicking, 402 
twisted iron, tensile strength of, 
ae Gilmore’s experiments on, 


various, weights of, 169 
wrought iron, compression tests 
of, 
wrought iron, weight of, table, 171 
Barometer, leveling with, 482 
to find altitude _by, 483 
Barometric for various 
altitudes, 482 
Barrels, to find volume of, 64 
number of, in tanks, 126 
Base. D cataare steel, strength of, 


Batteries, storage, 1045-1048 
Baume’s hydrometer, 165 
Bazin’s experiments on weirs, 587 


formule, flow of water, 563 
Beams, deck, properties of Carne- 
gie, ta 


formule fac flexure of, 267 

eee for transverse strength 
of, 

soccel, coefficients for loads on, 


27 
ae formule for safe loads on, 


26: 
variously loaded, 271 
yelow pine, safe loads on, 1023, 


1079 
Beardslee’s tests oe elevation of 
elastic limit, 23: 

Bearings, eet pressure on, 
’ 935-937 

ball, 940 

cast-iron, 933 

for steam turbines, 941 

Bike speed, 941 
pressure in, 937 

overheating of, 938 

pivot, oH 

roller, 94! 

cae i 811-813 
Bearing-metal alloys, 333 
Bearing-metals, anti-friction, 932 

composition of, 326 
Bearing pressure on rivets, 355 
Bed-plates of steam-engines, 817 
Bell-metal, Sore a of, 325 
Belt conveyors, 912d 


dressings. 887 
Belts. arrangement of, 885 
care of, 886 


cement for leather or cloth, 887 
penestueal® tension of, 876 
endless, 886 

evil of tight, 885 


ban-boi 1095 


Belts, lacing of, 883 
length of, 


open and crossed, 874, 884 


ormulz, 
friction of, 876 * 
horse-power of, 877-880 
notes on, 882 
practice, 877 
rubber, 887 
ronatl of, 302, 886 
tables, 877, 878 
Taylor’s rules, 880-882 
theory of, 876 
width for given H.P., 879 
a curvature of wire rope, 
Bends, effects of on flow of water 
in pipes, 578 
in pipes, 488, 672; table, 199 
Bent lever, 436 
Bessemer converter, temperature 
determinations in, 452 
steel (see Steel, Bessemer) 
Bessemerized cast iron, 375° 
Bevel wheels, 898 
Billets, steel, specifications for, 46 
Bins, coal-storage, 912a 
Binomial, any power of, 33 
theorem, 36 
Birmingham ga’ ge, 28 
Bismuth, prinertien of, 167 
alloys, 
Bituminous coal (see Coals) 
Blast-furnaces, consumption of 
charcoal in, 641 
steam-boilers for, 689 
apr See determinations in, 


Blosket or pulleys, 438 
as of, table, 907 
strength of, 906 
steel, weight of, waiicy 


176 
Blow, force of, 430 
Blowers, 511-526 
ang comparative efficiency, 


blast-pipe diameters for, 520 
capacity of, 517, 1081 
experiments with, 514 
for cupolas, 519, 950 
pressure, 950 
rotary, table of, 526 
steam-jet. 527 
velocity due to pressure, 514 

Boyne dimensions of, 


Blue heat, effect on steel, 395 
Board measure. 
Bodies, falling. laws of, 424 
Boiler compounds, 717 
explosions, 720 
poed-nomes. 605, 726 
furnaces, height of, 711 - 
furnaces, use of steam in, 650 
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boi-cal 


Boiler heads, 706 
heads, strength of, 284, 286 
heads, wrought-iron, 285 
heating-surface for steam heat- 
ing, 538 
scale, analyses of, 552 
tubes, area of, table, 197 
tubes, dimensions of, table, 196 
tubes, expanded, holding power 
of, 307 
Boilers, horse-power, 677 
for steam heating, 538 
incrustation of, 550 
locomotive, 855 
marine, 1015 
plate, strength of, at high tem- 
peratures, 383 z 
steam, 677-731 (see Steam-boiler) 
Boiling, resistance to, 463 
Boiling-point of water, 550 
Boiling-points of substances, 455 
Bolts and nuts, 209, 211 
effect of initial strain in, 292 | 
holding power of in white pine, 


, 


square-head, table of weights of, 


strength of, table, 292 

taper, 972 

track, weight of, 210 

variation in size of iron for, 206 
Bomb calorimeter, 634 
Braces, diagonal, with tie, stresses 

in, 

secure cast-iron, strength of, 


Brake, Prony, 978 

Brass, composition of rolled, 203 
alloys, 325 i 
Shek and bars, weight of, table, 
tube, seamless, table, 198-200 
wire, weight of, table, 202 

Brazing of aluminum bronze, 328 
metal, composition of, 325 
solder, composition of, 325 

eS Bs Si of water by, 


for floors, 281 i 

iln, temperatures in, 452 
specific gravity of, 165 
strength of, 302, 312 
weight of, 165, 312 


Bricks. fire, number required for 


various circles, table, 234 
fire, sizes and shapes of, 233 

Bricks, magnesia, 235 

Brickwork, measure of, 169 
weight of, 169. 

Bridge iron, ey of, 385 
links, steel, strength of, 298 
members, strains in, 262-264 
egos proportions of mate. 

rial, 381 H 
Memphis, tests of steel in, 393 
trusses, 4 

Brine, boiling of, 463 

properties of, 464, 994 
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Briquettes, coal, 632 
British thermal unit (B.T.U.), 455. 


66! 
Spee metal, composition of, 


Bene aluminum, strength of, 
ancient, composition of, 323 
deoxidized, composition of, 327 
Gurley’s, composition of, 325 
manganesé, 331 
phosphor, 327 
strength of, 300, 319, 321 
Tobin, 325, 326 

beara sizes and weights of, 


ZI 
Buildings, construction of, 1019- 
1023 


fire-proof. 1020 | 
heating and ventilation of, 534 
transmission of heat through 


walls of, 478 
walls of, 1019 
Building-laws, New York City, 
1019-1021 
on columns, New York, 252, 
1019 


on columns, Boston, 252 
on columns, Chicago 252, 255 
on structural materials, Chicago 


381 
Building-materials, angle of reposé 
coefficients of friction of, 929 
sizes and weights, 169, 184 
Bulb angles, properties of Carne 
gie steel, table, 278 
Bulkheads, plating and framing fot - 
table, 287 
Buoyancy, 550 
Burr truss, stresses in, 443 
Bushel of coal, 638 
of coke, 638 
Bush-metal, composition of, 396 
Butt-joints, riveted, 358 


Cables, chain, wrought-iron, 308 
340 


flexible steel wire, 223 
ge weight, and strength, 230, 


lead-incased power, sizes and 
weights, 222 
suspension-bridge. 230 
Cable-ways, suspension, 915 
Cadmium, properties of, 167 
Calculus, 72-79 
Calcium chloride in refrigerating- 
machines, 994 
Calorie engines, 851 
Calorie, definition of, 455 
ae reneiee for coal, Mahler bomb, 


steam, 728-731 

steam, coil, '729 

steam, separating, 730 

steam, throttling 729 
Calorimetric tests of coal, 686 
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Cam, 438, 
Canals, irrigation, 564 
speed of vessels on, 1008 
Candle-power of electric lights, 1042 
of gas lights, 654 
Canvas, strength of, 302 
Cap-screws, table of standard, 208 
Capacity, electrical, 1062 
electrical, of conductors, 1067 
Car-heating by steam, 538 
Car-journals, friction of, 937 
Cars, steel plate for, 401 
Car-wheels, cast iron for, 375: 
Carbon, burning out of steel, 402 
effect of, on strength of steel, 389 
gas, 646 wih 
Carbonic acid allowable in air, 529 
Carnegie steel sections, properties 
of, 272-280 : 
steel sections, weights and sizes, 
177,178 | 
Seton resistance of, on roads, 


Carriers, bucket, 9124 
Casks, volume of, 
Cast copper, strength of, 300, 319 
Cast iron, 365-376 
analyses of, 371-374 
bad, 375 
bearings, 933 
Bessemerized, 375 
chemistry of, 370-374 
columns, eccentric loading of, 254 
columns, strength of, 250-253 
columns, tests of, 250, 251 
columns, weight of, table, 185 
compressive strength of, 245 
corrosion of, 386 
durability of, 385 
influence of phosphorus, sulphur, 
etc., 365-368, 370 
malleable, 375 
mixture of, with steel, 375 
185-190 (see Pipe, cast- 
iron) J 
dies eens ,sizes and weights, 187 
relation of chemical composition 
to fracture, 370 
shrinkage of, 368 
specific pe ty of, 374 
specifications for, 374 
strength of, 296, 370-374 |. 
strength in relation to silicon 
and cross-section, 369 
tests of, 369 (i 
variation of density and tenac- 
ity, 374 
Castings, iron, analyses of, 373 
iron, strength of, 297 ; 
malleable, rules for use of, 376 
shrinkage of, 951 
steel, 405 
steel, specifications for, 397, 406 
steel, strength of, 299 
weight of, from pattern, 952 
Catenary, to plot, 51, 52 3 
oo as a@ preservative coating, 


cam-chi 


Cement for leather belts, 887 
mortar, strength of, 313 
Portland, strength of, 302 
specific gravity of, 166 
weight of, 166, 170 

Center of gravity, 418 
of gravity of regular figures, 419 
of gyration, 420 
of oscillation, 421 
of percussion, 422 

Centigrade thermometer scale, 448 
-Fahrenheit conversion table, 449 

Centrifugal discharge elevators, 9124 
fans (see Fans, centrifugal) 
force, 423 
force in fly-wheels, 820 
pumps, 607-609 (see Pumps, 

centrifugal 
tension of belts, 876 
C.G.S. system of measurement, 1024 
Chains, crane, sizes, weights, and 
properties, 232 
link-belting, 9126 
monobar, 9126 
pin, 912¢ 
roller, 912¢ 
specifications for, 307 
strength of, table, 307, 339 
tests of, table, 307 

Chain-blocks, efficiency of, 907 

Chain-cables, proving tests of, 308 
weight and strength of, 340 

Chalk, strength of, 312 

Change gears for lathes, 955, 956 

Channels, Carnegie steel, properties 

of, table, 277 
open, velocity of water in, 564 
strength of, 297 
weights and sizes, 178-180 

Charcoal, 640-642 
absorption of gases and water by, 


641 
bushel of, 170 
composition of, 642 
consumption of, 
naces, 641 
pig iron, 365, 374 
results of different methods of 
making, 641 
weight per cubic foot, 170 
Chemical elements, table, 163 
symbols, 163 
Chemistry of foundry irons, 370-274 
Chezy’s formula for flow of water, 558 
Chimneys, 731-741 
draught, power of, 733 
draught, theory, 731 
effect of flues on draught, 734 
for ventilating, 533 
height of, 734 
height of water column due to 
_ unbalanced pressure in, 732 
lightning protection of, 736 
rate of combustion due to, 732 
sheet-iron, 741 
size of, 734 
size of, table, 735 
stability of, 738 


in blast-fur- 
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Chimneys, steel, 740 
steel, foundations for, 741 
tall brick, 7 
velocity ae td in, 733 
weak, 739 
Chord of circle, 58 ais 
Chords of trusses, strains in, 445 
Chrome steel, 4! 
Circle, 57-59 
area of, 57 
area of, 1-1000, table, 103-107 
area of, ¢—-100, advancing by +, 
table, 108-112 
equations of, 70 
length of are of, 57 
length of are of, Huyghen’s ap- 
proximation, 58 
length of chord of, 58 
problems, 39, 
properties of, 57 
relations of arc, chord, etc., of, 58 
relations of, to equal, inscribed, 
and circumscribed square, 59 
sectors and segments of, 59 
Circuits, electric, e.m-f. in, 1030 
electric, polyphase, 1068 (see 
Alternating currents) 
electric, power of, 1031 
Circuit, magnetic, 1051 
Circular dete lengths of, 5' 
ares, lengths of, pubes 114, 115 
functions, calculus, 738 
inch, 18 
measure, 20 
mil, 18 
mil wire gauge, 30 
mil wire gauge, table, 29 
pitch, 888 
ring, 59 
segments, table of areas of, 116 
Circumferences of circles, i-1000, 
table, 103-107 
of circles, 3z-100, table, advanc- 
ing by 4, 108- 112 
of ciclo, 1 inch to 33 feet, table, 
11 


Cisterns, capacities of, 121, 126 
Classification of iron and steel, 364 
Clay, cubie feet per ton, 170 
fire, analysis of Mt. Savage, 233 
Clearance in steam-engines, 751,792 
Coal, analyses of, 624-632 
anthracite, sizes of, 632 
bituminous, classification of, 623 
calorimeteric tests of, 636 
classification of, 623-624 
conveyors, 912 
cost of, for steam power, 789 
uLong’s formula for heating, 
value of, 633 
evaporative power of, 636 
foreign, analysis of, 631 
furnaces for different, 635 
heating value of, 633, 634 
handling machinery, '912-912d 
hoisting by rope, 343 
products of distillation of, 639,651 
relative value of, 633-637 
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Coal, sampling of, for analysis, 632 
semi-bituminous, composition of, 
625, 626 
space occupied by anthracite, 625 
AS 6 bins, 912a 
vs. oil as fuel, 646 
washing, 638 
weston ot, 637 
ht of, 170, 638 
elsh, analysis of, 632 
Cou’ -gas, composition of, 652 
manufacture of, 651 
Coatings, preservative, 387-389 
rustless, for iron and steel, 388 
Coefficients of expansion, 460 
of expansion of iron and steel, 385 
Coefficient of elasticity, 237, 314 
of fineness, 1002 
of friction, definition, 928 
of friction, tables, 929, 930 
of friction of journals, 930, 932 
of friction, rolling, 929 
of performance of ships, 1003 
of propellers, 1011 
of transverse strength, 267 
of water lines, 1002 
for loads on special beams, 270 
Coils, electric, heating of, 1032 
Coil pipe, table, 199 
Coke, analyses of, 637 
making of hard, 638 
ovens, generation of steam from 
waste heat of, 638 
py produces of manufacture, 638, 
63 : 


weight of, 170, 638, 
Coking, experiments in, 637 
Cold-chisels, form of, 955 
Cold, effect of, on railroad axles, 384 
effect of, on strength of iron and 
steel, 383 
drawing, effect of, on steel, 305 
drawn steel, tests of, 305 
rolled steel, tests of, 305 
rolling, effect of, on steel, 393 
saw, 966 
Collapse of corrugated furnaces, 266 
resistance of hollow cylinders to, 
264-266 
Color determination of tempera- 
' ture, 454 y 
seale for steel tempering, 414 
Columns, built, 256 
cast-iron, strength of, 250 
cast-iron, tests of, 250, 251 
cast-iron, weight of, table, 185 
eccentric, loading of, 254 
Gordon’s formula for, 247 
Hodgkinson’s formula for, 246 
as permissible stress in, 
Merriman’s formulz for, 260 
mill, 1022 
Phenix, dimensions of, 257-259 
steel, Merriman’s tables for, 261 
strength of, 246, 247 
strength of, by New York build- 
ing laws, 1019 


INDEX, 


Columns, wrought-iron, built, 257 
wrought-iron, Merriman’s table 
of, 260 
wrought-iron, tests of, 305 
wrought-iron, ultimate strength 
of, table, 255 
Combination, 10 
Combined stresses, 282, 283 
Combustion, analyses of gases of 622 
heat of, 456, 621 
of fuels, 621 
- of gases, rise of temperature in, 623 
rate of, due to chimneys, 732 
theory of, 620 
Composition of forces, 415 
Sompound engines, 761-768 (see 
Steam-engines, compound) 
interest, 14 
locomotives, 862, 863 
numbers, 5 
proportion, 6 
shapes, steel, 248 
units of weights and measures, 27 
Compressed-air, 488, 498-511 
adiabatic and isothermal com- 
ression, 499 
adiabatic expansion and com- 
pression, tables, 502 
compound compression, 5016 
cranes, 912 
diagrams, 5016 
drills driven by, 506 teen 
engines, adiabatic expansion in, 
50la 
engines, efficiency, 506 _ 
for motors, effect of heating, 507 
flow of, in pipes, 489 
formule, 501 
heating of, 498 
hoisting engines, 505b 
horse-power required to compress 
air, 500 3 
losses due to heating, 500 
loss of energy in, 498 
machines, air required to run, 
505a 


mean effective pressures of 
adiabatically compressed air, 
table, 5016 

mean effective pressures, com- 
pane compression, table, 
501 

mean effective pressures, tables, 
502, 503 

mine pumps, 511 

motors, 


Popp system, 507, 

practical applications of, 505b 

pumping with, 505¢ 

reheating of, 506 

shop operation by, 509 

-tramways, 510. 511 

transmission, 

transmission, efficiencies of, 508 

volumes, mean_ pressures per 
stroke, etc., table, 499 _ 

bat tal of adiabatic compression, 
50: 


col-con 1099 
Compressed steel, 410 
Compression, adiabatic, formule 

for, 501 


adiabatic, tables, 502 
and flexure combined, 282 
and shear combined, 282 
and torsion combined, 283 
in steam-engines, 751 
members in _ structures, 
strains in, 280 
Compressive strength, 244-246 
strengths of woods, 311 
strength of iron bars. 304 d 
tests, specimens for, 245 
Compressors, air, 503-505 } 
ae hoes of intake temperature, 


506 
Condensers, 839-846 

air-pump for, 841 

circulating pump for, 843 

continuous use of cooling water 
in, 844 r 

cooling towers for, 844 

cooling water required, 841 

ejector, 840 

evaporative surface, 844 

increase of power due to, 846 

jet, 839 

surface, 840 

sae and tube plates of, 840, 


unit 


tubes, heat transmission in, 472 
Conduction of heat, 468 

of heat, external, 469 

of heat, internal, 468 
Conductivity, electric, of steel, 403 

electrical, of metals, 1028 


‘Conductors, electrical, heating of, 


electrical, in series or parallel, 
resistance of, 1030 
Conduit, water, efficiency of, 589 
Cone, measures of, 61 
pulleys, 874 
Conic sections, 71 
Connecting-rods, steam-engine, 799, 


800 
tapered, 801 
Conoid, parabolic, 63 
Conservation of energy, 432 i 
Conan of buildings, 1019-, 


Convection, loss of heat due to, 476 
of heat, 469 
of heat, Dulong’s law of, table 
of factors for, 477 
Conversion table, Centigrade-Fah- 
renheit, 449 
tables, metric, 23-26 
Converter, Bessemer, temperature 
determinations in, 452 
Converters, electric, 1071 
Conveying of coal in mines, 913, 914 
Conveyors, belt, 912d 
cable-hoist, 915 
coal, 912a 
horse-power required for, 912¢ 
screw, 912d 
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coo-cyl 


& 


Cooling of air for ventilation, 531 
towers for condensers, 844 
Co-ordinate axes, 69 
Copper, 167 
all pyrometer, 451 
cast, strength of, 300, 319 
drawn, strength of, 300 
balls, hollow, 289 
manganese alloys, 331 
nicke! alloy, 332 
plates, strength of, 300 
plates, weight of, table, 202 
round bolt, weight of, table, 203 
ere es of, at high temperatures, 


309 

tin alloys, 320 

tin alloys, properties and compo- 
sition of, 319 

tin-aluminum alloys, 330 

tin-zine alloys, properties and 
composition, 322, 32 

tubing, weight of, table, 200 

weight required in different sys- 
tems of transmission, 1075 

wire, table of dimensions, weight, 
and resistance of. 202, 218- 
220, 1034 

wire, ‘cost of, for sone tee 
transmission, 1036, 1 

zinc alloys, strength of, 338 

zine alloys, table of composition 
and properties, 321 

zinc-iron alloys, 326 

Caeaee recleaioae terms relating 


amieke c eh table, 906 
Cork, properties of, 316 
Corn, weight of, 170 
Corrosion of i iron, 386 
of Samael 386,, 552, 716- 
Corrosive agents in atmosphere 386 
Corrugated arches, 181 
furnaces, 266, 702, 709 
iron, sizes and weights, 181 
plates, properties of Carnegie 
steel, table, 274 
Conegant ‘of an angle, 65; table, 159- 


Cosine of an angle, 65; table, 159— 
: 162 


Cost of coal for steam-power, 789 
of steam-power, 790 
Lorsuaent of an angle, 65; table, 
Cotton ropes, strength of, 301 
Couloumb, 1024 
Counterbalancing of hoisting-en: 
es, 909 
of locomotives, 864 
of steam-engines, 788 f 
ores system of hoisting, 


Couples, 418 
Coverings fo for steam-pipe, tests of, 
Coversine if angles, table, 159- 
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Cox’ 3. formula for loss of head 


Crane chains, 232 
Cranes, 911 
classification of, 911 
compressed air, 912 
electric, 912 
jib, 912 
stresses in, 440 
travelling, 912 
guyed, stresses in, 441 
simple, stresses in, 440 
Cranks, steam-engine, 805 
vera ‘angles, steam-engine, table, 


pins, steam-engine, 801-804 
pins, steel, specifications for, 401 
shafts, steam- -engine, 813-815 
shaft, steam-engine, torsion and 
flexure of, 814 
Cross- head guides, 798 
pin, 804 
Crucible steel, 410-414 (és Steel, 
erucible) 


Crushing strength of masonry mate-* 


rials, 312 
Cubature, 75 
Cubes of numbers, table, 86-101 
of.decimals, table, 101 
Cube root, 8 
roots, table of, 86-101 
Cubic feet per gallon, table, 122 
measure, 18 
Cupola practice, 946-950 
result of increased driving, 949 
Cupolas, blast-pipes in, 520 
last-pressure in, 948 
blowers for, 519, 950 
charges for, 946-947 
charges in stove foundries, 949 
dimensions of, 947 
loss in melting i iron in, 950 
slag in, 948 


_ Currents, electric (see Electric cur- 


rents) 
Current motors, 589 
Cutting speeds of machine tools, 
953; table, 954 
stone with wire, 966 
Cycloid, construction of, 49 
differential equations ‘of, 79 
differential measure of, 60 
integration of, 79 
Cycloidal gear-teeth, 892 
Cylinder condensation 
engines, 752, 753 
Cylinder, measures of, 6 
SS. hollow, limit ne thickness, 


in steam- 


hollow, under tension, 287, 289 

hydraulic, thickness of, 617 

by Savlis press, thickness ety 
288 


ie pocteues of, to collapse, 
2 


locomotive, 854 
steam-engine (see Steam-engines) 
table of capacities of, 120 


—J— ae 1 


— 
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Cylindrical ring, 62 
Sama capacities of, table, 


Dalton s law of gaseous pressures, 
A 


0 
Dam, stability of, 417 af 
D’Arcy’s formula, flow of water, 


563 
formula, table from, of flow of 
water in pipes, 569-572 
Decimals, 3 
squares and cubes of, 101 
Decimal equivalents of fractions, 3 
ede nents of feet and inches, 


gauge, 32 
tyes cca weights and _ sizes, 
properties of Carnegie steel, 278 
Delta connection for alternating 

currents, 1069 
metal, 225, 326 
Denominate numbers, 5 
dized bronze, SyP 
‘Derrick, stresses in, 441 
cry ese formule for strains in, 


Diametral ett 888 
Differentia gearing, 898 
calculus, 72-79 
of algebraic function, 72 
of exponential function, 77 
partial, 73 
coefficient, 73; sign of, 76 
second, third, ete., 75 
pulley,” 439 
screw, 439; efficiency of, 974 
windlass, 439 
Differentiation, formule for, 73 
Discount, 13 
Disk fans (see Fans, disk) 
Displacement of ships, 1001, 1008 
Distillation of coal, 639 
, Distiller for marine work, 847 
Domes on steam-boilers, 711 
Draught power of chimneys, 732 
theory of chimneys, 731 
Drawing-press, blanks for, 973 
rsa centrifugal pump as a, 


6 
Dressings, belt , 887 : 
Drift bolts, resistance of, in timber, 


291 
Drill gauge, table, 29 4 
press, horse-power required by, 


Drills, rock, air required for, 505a 
rock, requirements of air-driven, 


twist, speed of, 957 
tap, 970, 971; sizes of, 208 
Drilling holes, speed of, 956 
machines, electric, 956 
Drop in electric circuits, 1029-1031 
press, pressures attainable by, 


Drums for hoisting-ropes, 917 
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cyl-ela 


Dry measure, 18 

Drying and evaporation, 462-467 
in a vacuum, 466 

sen cold-air, for steam-heating, 


Ductility of metals, table, 169 
Dulong’s formula for heating value 


of coal, 633 

law of convection, table of factors 
for, 477 

law of radiation, table of factors 
for, 476 e 


Durability of iron, 385, 386 
Durand’s rule for areas, 56 
Dust explosions, 642 
fuel, 642 
Date measure of, 27 
pumping-engine, 610 
trials of pumping- engines, 609- 


61 
pet hanes machines, 1055~ 
machines, classification of, 1055 


machines, design of, 1058- 
1060 

machines, e.m.f. of armature cir- 
cuit, 1056 

machines, moving force of, 
1055 

machines, strength of field, 
1057 

machines, torque of armature, 
1056 

machines, 


of 

machines, BY sin of, 074-1077 
Dynamometers, 978-980 

Alden absorption, 979 

Prony brake, 978 

traction, 978 

transmission, 980 
Dyne, definition of, 415 


Earth, cubic feet per ton, 170 

Economical angle of framed struc- 
tures, 447 

Eccentrics, Gren ost 816 

Economizers, fuel, 715 

Edison wire gauge, 30; table, 29 


' Efficiency of a machine, 


of compressed-air engines, 506 
of p fgets transmission, 


of electric transmission, 1038 

of fans, 516, 520, 525, 526 

of fans‘and chimneys for ventila- 

tion, 533 

of injector, 726 

of pumps, 604, 608 

of riveted joints, 359, 362 

of screws, 974 

of steam-boilers, 683, 689 

of steam-engines, 7 49, 775 
Effort, definition of, 429 
Ejector condensers, 840 
Elastic-limit, 236-239 

apparent, 237 

Bauschinger’s definition of, 239 - 

Slemation of, 23: 


penny’ Puy 
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ela-exh 


Elastic-limit of wire rope, 917 
relation of to endurance, 238 
Wohler’s experiments on, 238 

Elastic resilience, 270 
resistance to torsion) 282 

Elasticity, coefficient of, 237 
modulus of, 237 
aeiees of, of various materials, 

1 
bet ee conductivity of steel, 


Electrical engineering, 1024-1077 
alternating currents, 1061-1077 
direct currents, 1024-1060 

cin horse-power, 1031; table, 


machines, tables ps Paice 
resistance, sear 


symbols, 1 
Electricity, Pade hae of measure- 
ment, 1024 


systems of distribution, 1041 
units used in, 1024 
Electric eos (see Circuits, elec- 
tric 
currents, alternating, 1061-1078 
(see Alternating currents) 
currents, direct, 1024-1060 
current, direction of, 1054 
currents, heating due to, 1031 
ae required to fuse wires, 
32 


currents, short 
1036 


heaters, 546, 1044 

light ht stations, economy of en- 
lighting, 1041-1043 

wore alternating current, 1071, 


circuiting of, 


motors, direct current, 1055, 1074 
~-1076 


railways, 1041 
storage-batteries, 1045-1048 
transmission, 1033-1041 (see 
Transmission, electric) ‘ 
wires (see Wires, electric) 
welding, 1046 
Electro-chemical equivalents, 1049 
Electro-magnets, 1050-1054 
polarity of, 1054 
strength of” 1053 
winding for, 1053 
Electro-magnetic 
1050 


Electrolysis, 1048 

Elements, chemical, table, 163 - 
of machines, 435-440 

Elevators, coal, 912a 

Ellipse, construction of, 46, 47 
equations of, 7 
measures of, 3, 60 

Elllipsoid, 63 

Elongation, measurement of, 243 

E.M.F. of electric circuits, 1030 
of armature circuit, 1056 

Emery, grades of, 968 
wheels, speed and selection of, 967 


measurements, 
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Emery-wheels, strains in, 969 
ciate rope system of haulage, 


screw. 440 
Endurance of materials, relation of 
to elastic limit. 238 
Energy, conservation of, 432 
definition of , 429 
measure of, 429 
of rex il of guns, 431 
sources of, 432 
Engines, blowing, 526 
ee. air, efficiency of, 
fire, capacities of, 580 
gas, 847-850 (see Gas-engines} 
gasoline, 850. 
hoisting, 908 
hot-air, 850 
hydraulic, 619 
marine, 1017-1019 
marine, steam and exhaust open- 
ings, sizes of, 674 
TAT steam-pipes for, 674, 


naphtha, 850 

petroleum, 850 

petroleum, tests of, 851 

pumping, 609-612 (see Pumping- 


engines) 
steam, 742-847 (see Steam-en- 
gines) 
winding, 909 _ ‘ 
seg y | wire-rope haulage, 


Epicycloid, 50 
Equation of payments, 14 
of pipes, 491 
Equations, algebraic, 34, 35 
of circle, 
of ellipse, 70 
of hyperbola, 71 
of parabola, 70 
quadratic, 35 
referred to co-ordinate axes, 69 
Equilibrium of forces, 418 
ne oo R nae orifice, mine ventilation, 


Equivalents, electro-chemical, 1049 
Erosion of soils, 565 
Ether, compressibility of, 164 
Evaporation, 462-467 

by exhaust steam, “65 

by multiple system, 463 

factors of, 695b-699 

in salt manufacture, 463 

of sugar solutions, 465 

of water from ‘reservoirs and 

channels, 463 

latent heat’ of, 462 

total heat of, 462 

unit of, 677 
Evaporator, for marine work, 847, 


Evolution, 7 
Exhaust-steam, 


evaporation by, 
465 
for heating, 780 
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Exhauster, steam-jet, 527 
Expansion, adiabatic, formule for, 
501; tables, 502 


of iron and steel, 385 
of sai hetay 461 
of solids by heat, 460 


of steam, 742 F 
of steam, actual ratios of, 750 
of timber, 311 
of water, 547 
Explosions, dust, 642 
p=plere energy of steam-boilers, 


Exponents, theory of, 36 
Exponential function, differential 


of, 77 
Bye bars, tests of, 304 


Factors of evaporation, 695b-699 
Factor of eae: 314 
in steam-boilers, 700 
Fahrenheit -Centigrade 
table, 449 
Failures of stand-pipes, 294 
of steel, 403 “ 
Fairbairn’s experiments on riveted 
joints, 354 " 
i jes, graphic representa- 
tion, 4 
bodies, laws of, 424 
Fans and blowers, 511-526 
capacity of, 517, 1083 
comparative efficiencies, 516 
Fans, best proportions of, 512 
centrifugal, 511, 518-523 
disk, 524-526 
efficiency of, 520, 533 
experiments on, 515, 516, 522 
for cupolas and forges, 519 
influence of speed of, 523. 
pa of spiral casings on, 


conversion 


pressure due to velocity of, 513 
quantity of air delivered by, 


514 
Farad, definition and value of, 
1024 


Feed-pump (see Pumps) 
Feed meter: cold, strains caused by, 


7 
water heaters, 727, 1083 Z 
water heaters, marine practice, 
1016 s 
water, saving due to heating, 
727 


water, purification of, 554 , 
Feed-wire, stranded, table of sizes 
and weights, 222 
Fibre-graphite lubricant, 945 
Fifth ges and powers of numbers, 


Fineness, coefficient of, 1002 
inishing temperature, effect of in 
coal. rolling, 392 
Fink roof-truss, 446 
Fire, temperature of, 622 
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Fire-brick arches in locomotives, 


857 
Fire-brick, number required for 
_ Various circles, table, 234 
sizes and shapes of, 233 
weight of, 233 
Ene analysis of Mt. Savage, 
_pyrometer,453 
Fire-engines, capacities of, 580 
Fire-proof buildings, 1020 
Fire-streams, 579-581 ‘ 
discharge from nozzles at differ- 
ent pressures, 57 
effect of imcreased hose-length, : 


581 
friction loss in hose, 580 F 
pressure required for given length 
_ of, table, 581 
Fireless locomotive, 866 : 
Fits, forcing and shrinkage, 973 
Fittings, cast-iron pipe, sizes and — 
weights, table, 187 ; 
Flagging, strength of, 313 
oes for cast-iron pipe, table, 
pipe, standard, table, 192 
pipe, extra heavy, table, 193 
Flat plates in steam-boilers, 701, 


709 
plates, strength of, 283 


rolled iron, weight of, table, 172, 


173 
Flexure of beams, formulz for, 267 
and compression combined, 282 
and tension combined, 
and torsion combined, 283 
peer e equation for flow of air, 


Flight conveyors, 9124 
Flights, sizes and weights of, 912¢ 
Floors, loads on, 28 
maximum load on, 1021 
strength of, 1019, 1021 
Flooring material, 281 
Flow of air in pipes, 485 
of air through orifices, 484, 518 
of compressed air, 489 
of gases, 480 
of gas in pipes, 657-659 
of gas in pipes, tables, 658 
of metals,973 
of ” Rca capacities of pipes, 
of steam, in pipes, 669-671 
of steam, loss of pressure due te 
friction, 671 
of steam, loss of pressure due ta 
tion, 671 
of steam, Napier’s rule, 669 
of steam, resistance of bends 
valves, ete., 672 
of steam, tables of, 668, 669 
of steam, through a nozzle, 668 
of water, 555-588 
of water, Bazin’s formule, 563 
of water, Chezy’s formula, 558 
of water, D’Arcy’s formula, 563 
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Blerof. water, expariaventgon, S00 
of water, fall per mile and slope, 
table, 


of water, Flynn’s formula, 562 
of — formule for, 557-564, 


flo-fue 


of mater in 20” pipe, 568 


of table 
Day's f focaule. 569-572 

of water in pipes, tables 
Kutter’s formula, 568, 569 

of water, Kutter’s formula, 559 


of water, Molesworth’s formula, 


562 
: of water, old formule for, 564 
of water over weirs, 555, 586 


of water, 7 for pipes and con- 
duits, , 559 
es through orifices, 555, 
Flo water, horse-power of, 589 
tcp of, 582 


(see Steam-engines 
or priming steam- 
bo’ , 552, 718 3 
Foot and inches, d equiva- 


lents of, table, 112 
Foot-pound, unit of work, 428 
Foree, centri , 423 

definitions a 415 

ad hi oto etek f, 415 
graphic re; ion o! 
moment of, 416 


Forces, composition of, 415 
equilibrium of, 418 
parallel, 417 
pee ae be , 416 
Dp lopipedon o 
polygon 16 
resolution of, 415 
pes ee in steam-boilers, 
draught, marine peacton, 1015 
Forcing and shrinking fits, 973 
Forges, fans for, 519 


of, 396 
Foundry iron, analyses of, 371-374 
irons, chemistry of, 370 


INDEX. 


Foundry irons, grades of, 372 
nike Geren 953 
946-953 


practice, 

practice, mauling Ws 952 

ee 
5 


product of, in decimals, 4 
Frames, steam-engine, S17 
Framed structures, stresses in, 440- 


447 

Framing, for bulkheads, table, 287 

for tanks, 287 

Francis’s formule for weirs, 586 

Freezing-point of water, 550 

French measures and weights, 21-26 
thermal unit, 455 

Sie is of alternating currents, 


Friction and eccrine ag ane 
brakes, capacity 
ecefficient of, etnies, 928 
t of, tables, 929, 930 
fluid. a of, 929 


faws of, or lubricated journals, © 


nae of, 938 
Morin’s laws of, 933 


933 
of motion, 929 
of pivot bearings, 939 
of rest, 928 
of solids, 928° 
of seal tires on O41 


work pag 


of parabolic Papa 64 
of spheroid, 63 
of spindle, 63 
Fuel, 620-651 
charcoal, 640-6§42 (see Charcoal) 
coke, 637-639 (see Coke) 
combustion of, 620 
dust, 642 
economizers, 715 
for o . 948 
gas, 646, 1082 (see Gas) 
furnaces, 651 


straw. 643 
solid, classification of, 623 


oe PRE 


nwrere oC ere 


pe Dy bo? 


R 
z 
z 


Saravana a 


bevel. ; 
chordal prick, $89 on 
cyeloidal teeth. 592 
z ss 
2 of, 599 
forms of teeth, $92-599 
formule for dmmensions af, $90 
frsectaom, 905 
kan 
pitch diameters for 1 inch eirealar 
Loerie 
a 
relation of Giametral and exeular 
speed of, 905 
Se: so0-s0s 
Stepned, S97 
toothed-wheel, 439, 887-306 
twisted. 897 
worm, $97, 1086 5 
2 : 1055-1068, 
1071077 
—— current, 1070, 1077 
Geometrical | session, Ii 
problems, 37-42 - 
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German silver, 300, 332 
silver, conductivity of, 1028 
Gilbert, definition and value of, 1050 
Girders, allowed stresses in ‘plate 
and lattice, 264 
building, New York building 
laws, 1020 
iron-plate, strength of, 297 
steam-boiler, rules for, 703 
Warren, stresses in, 445 
Glass, skylight, sizes and weights, 
184 


strength of, 308 
properties of, 167 
Gold-melting, temperature deter- 
minations, 452 
Gold-ore, cubic feet per ton, 170 
Gordon’s formula for columns, 247 
Governors, steam-engine, 836-839 
Grade line, hydraulic, 578 
Grain elevators, 912d 
weight of, 17 0 
Granite, strength of, 302, 312 
Graphite, lubricant, 945 
paint, 387 
Grate surface in locomotives, 856 
surface of a steam-boiler, 680 
Gravel, cubic feet per ton, 170 
Gravity, acceleration due to, 424 
center of, 418 
discharge elevators, 912a 
specific, 163-165 (see Specific 
gravity) 
Greatest common measure or divi- 
sor, 2 
Greek letters, 1 
Green’s fuel economizer, 715 
Coe uees hot-water, heating of, 


42 
steam-heating of, 541 ‘ 
Grinder, horse-power required to 
run, 963 
Grindstones, speed of, 968, 969 
strains in, 968 
varieties of, 970 
Gurley’s bronze, composition of, 325 
Gun-bronze, variation in strength 
of, 321 
Guns, energy of recoil of, 431 
formula for thickness of, 288 
Gun-metal (bronze), composition of, 
325 


Guy-ropes for stand-pipes, 293 
Guy-wires, table of sizes, weights, 
and strength of, 223 
Gyration, center of, 420 
table of radii of, 421 
radius of, 247, 249 


Hammering, effect of, er seas 412 

Hardening of steel, 393, 4 

Hardness of copper-tin Aircore 320 
of water, 553 
aulage, wire-rope, 912d-916 
wire-rope, endless rope system, 


914 
wire-rope, engine-plane, 913 
wire-rope, inclined plane, 913 


INDEX. 


sanape , wire-rope, tail-rope system, 


wire-rope, tramway, 914 * 
Binal capacity of locomotives. 


Hawley down-draught furnace, 712 
Hawsers, flexible steel wire, 223 
Hawser, hemp, Mos of, 223 
manila, weight of, 2: 
steel, av ciate of, 253 
steel, table of sizes and proper- 
ties, 229 
table of comparative strength of 
He , hemp, manila, and chain, 


Head, frictional, in cast-iron pipe, 
table, 577 
loss of, 573-579 (see Loss of head) 
of air, due to temperature differ- 
ences, 533 
of water, 557 
of water, comparison of, with 
various units, 548 
of water, value in pounds per 
square inch, table, 189, 190 
Heads of boilers, 706 


of boilers, unbraced wrought- 
iron, strength of, 285 
Heat, ‘448-480 


conducting power of metals, 469 
conduction of, 468 

convection of, 469 

effect of, on grain of steel, 412 
expansion due to, 459 

generated by electric current, 


latent, 461 (see Latent heat) 

loss by convection, 476 
mechanical equivalent of, 456 

of combustion, 456 

of combustion of fuels, 621 
quantitative measurement of, 455 
Tadibbing power of substances, 


radiation of, 467 

heyy ean of various substances, 
4 

reflecting power of substances, 
468 


_Tesistance of metals, 468 
specific, 457-459 (see 
heat) 
steam, storing of, 789 
transmission of, from steam to 
water, 472,473 | 
transmission of, in 
tubes, 473 y 
transmission of, through building 
walls, etc., 478, 534 
transmission of, through plates, 
471-475 K 
transmission power of various 
substances, 478 
treatment of crucible steel, 411 
unit of, 455, 660 
units per pound of water, 548 
Heaters, electric, 1044 
feed-water, 727, 1083 


Specific 


condenser 


INDEX. 


Heating and Ventilation, 528-546 
blower system, 545, 1081 
boiler-heating surface, 538 
Soper of radiating surface, 

5 
heating value of radiators, 534 
heating surface, indirect, 537 
hot-water heating, 542-544 (see 
Hot-water heating) 
overhead steam-pipes, 537 
steam-heating, — 534-541 
Eiesss heesae) 
transmission of heat through 
building walls, 534 

Heating a building to 70°, 545 
by electricity, 546, 1044 
ah exhaust steam, 780 
of electrical conductors, 1031 
of greenhouses, 541, 
of large buildings, 534 
of steel for forging, 413 
of tool steel, 412 | 
surface of steam-boiler,678; meas- 

urement of, 679 
value of coals, 634, 635 
value of wood, 639 : 
Height, table of, corresponding to 
a given velocity,425 
Heine boiler, test of, with different 
coals, 688 f 
bata springs, capacity of, 349, 


(see 


springs for locomotives, 353 
steel springs, 347 


Helix, 60 
Hemp ropes, strength of, 301 
rope, table of strength and 


weight of, 340 
rope, table of strength of, 338 
ape. flat, table of strength of, 


Henry, definition and value of, 1024 
Hobson’s hot-blast pyrometer, 453 
Hodgkinson’s formula for columns, 


246 
Hoisting, 906-916 
_ by hydraulic pressure, 617 

coal, 343 

counterpoise system 910 

cranes, 911 (see Cranes) 

effect of slack rope, 908 

endless rope system, 910 

engines, 908 ; 

engines, compressed-air, 505b 

engines, counterbalancing of, 909 

horse-power required for, 

Koepe system, 910 

limit of depth for, 908 

loaded wagon system, 910 

pneumatic, 909 

rope, 340 ; 

rope, iron, or_steel, dimensions, 
strength and properties, table, 

226 


ropes, stresses in, on inclined 
planes, 915 

rope, sizes and strength of, 343, 
906 
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Hoisting rope, tension required to 
prevent slipping, 916 
suspension cableways, 915 
tapering ropes, 910, 916 
Hol power of bolts in white 
pine, 291 
Dower of expanded boiler-tubes, 


power of lag-screws, 290 

power of nails in woods, 291 

power of spikes, 289 

power of wood screws, 290 
Hollow cylinders, resistance of, to 

collapse, 264-266 

shafts, torsional strength of, 282 
Hooks, proportions of, 907 
Horse-gin, 434 
Horse, work of, 434 
Horse-power constants of steam- 

engines, 757 

cost of, 590 

definition of, 27, 429 

electrical, 1031 

electrical, table of, 1039 

hours, definition of, 429 

nominal, definition of, 756 

of fans, 516 

of flowing water, 589 

of locomotive boilers, 679 

of marine boilers, 679 

of a steam-boiler, 677 

of 2 sem boren: builders’ rating, 

of steam-engines, 755-761 

of windmills, 497 

required to compress air, 500 
Hose, fire, friction losses in, 580 
Hot-air engines, 850 
dares pyrometer, Hobson’s, 


4 
Hot boxes, 938 

water heating, 542-544 

water heating, arrangement of 
mains, 544 

water, heating, computation of 
radiating surface, 543 

water heating, indirect, 544 

mee heating of greenhouses, 


water heating, rules for, 544 
weer heating, sizes of pipes for, 


water heating, velocity of flow, 
542 


House-service pipes, flow of water 
in, table, 578 

Howe truss, stresses in, 445 

Humidity, relative, table of, 483 

Hydraulics, 555-588 (see Flow of 
water) 

nyo apparatus, efficiency of, 


cylindets, thickness of, 617 
engine, 619 

forging, 618, 620 

formule, 557-564, 1087 
grade-line, 578 | 
machinery, friction of, 616 


-_ 
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Hydraulic pipe, 191 
power in London, 617 


press, thickness of cylinders for, 
288 


presses in iron works, 617 

pressure, hoisting by, 617 

pressure transmission, 616-620 

Deelait transmission, energy of, 
6 


pressure transmission, ae of 
wares through pipes and valves, 


6 
ram, 614, 615 
riveting machines, 618 
Hydrometer, 165 
Dre dry and wet bulb, 


Hyperbola, asymptotes of, 71 
construction of, 49 
equations of, 71 
curve on indicator diagrams, beg 
Hyperbolic logarithms, tables of, 
156-158 
Hypocyeloid, 50 


I beams (see Beams) 
Ice, properties of, 550 
making machines, 981-1001 (see 
Refrigerating machines) 
manufacture, 999 
melting effect, 983 
INuminating-gas, 651-659 
calorific equivalents of constitu- 
ents, 654 
coal-gas, 651 
fuel value of, 656 
space required for plants, 656 
water-gas, 652 


@ foot, By 112 
Inclined-plane, 437 
motion on, 428 
stresses in hoisting-ropes on, 915 
plane, wire-rope haulage, 
Inorustation and scale, 551,716 
India-rubber, vuleanized, tests of, 


31 
Indicated horse-power, 755 
Indicators, steam-engine, 754-761 
(see Steam-engi es) 
Indicator tests of locomotives, 863 
Indirect heating surface, 537 
Inductaneeé, 1062 
of lines and circuits, 1066 
Ynduction motors, 1072 
Tnertia, definition’ BE 415 
moment of, 247, 419 
Ingots, steel, segregation in, 404 
Injector, efficiency of, 726 
equation of, 72: 
Snoxidizable surfaces, production of, 


388 
Inspection of steam-boilars, 720 


Insulation, Underwriters’, 1033 
Insulators, electrical value of, 1028 
Integrals, 73 
table of, 7 79 
Integration, 74 
Intensifier, hydraulic, 619 
Interest, 13 
compound, 1 
Interpolation, ‘ormbla ae, 1080 
Involute, 
gear-teeth, 894 
gear-teeth, approximation of, 896 
Involution, 6 
Tridium, properties of, 167 
Iron and steel, 167, 364-389 
and steel boiler-plate, 382 
and steel, classification of, 364 
and steel, effect of cold on 
strength of, 383 
and steel in ‘structures, formuls 
for unit strains in, 379 
and steel, inoxidizable surface 
for, 388 
and steel, latent heat of fusion of, 


and steel, manganese plating of, 


and steel, Pennsylvania Rail- 
toad specifications for, 378 
and steel, preservative coatings 


or, 387 i 
and ten rustless coatings for, 


a steel, specific heat of, 459 

and steel, tensile strength at high 
temperatures, 382 

bars (see Bars) 

bridges, durability of, 385 

cast, 365-376 (see Cast iron) 

coefficients of expansion of, 385 

color of, at various tempera- 
tures, 455 

copper-zine alloys, 326 

corrosion of, 386 

corrugated, sizes and weights, 181 

durability of, 385, 386 

flat-rolled, weight of, 172, 173 

for stay-bolts, 3 

for U. S. stsindard bolts, varia- 
tion in size of, 2 

. foundry, nape ah 371-374 

foundry, chemistry of, 370-374 

mene 375, 376 (see Malleable 
iron 

pig (see Pig iron) 

pee: approximating weight of, 


plate, weight of, table, 174, 175 
rivet, shearing resistance of, 3 363 
rope, table of strength of, 3388 

7ORe flat, table of strength of, 


shearing strength of, 8306 

sheets, weight of, 32, 174 

silicon-aluminum alloys, 330 

tubes, collapsing pressure of, 265 

wipuEht, 377-379 (see Wrought 
iron 


' 


= -_eh eetomeet ils ine llenet T CT 


INDEX. 


Irre; figure, area of, 55, 56 
solid, volume of, 64 

Jrrigation canals, 564 F 

Isothermal compression of air, 499 
expansion of steam, 742 


Japanese alloys, composition of, 326 
Jet-condensers, 839 | 
Jet propulsion of ships, 1014 
Jet, reaction of, 101 
Jets, water, 579 . 
Joints, riveted, 354-363 (see Riv- 
eted joints) 

Joists, contents of, 21 
Joule, definition and value of, 1024 
Joule’s equivalent, 456 
Journal-bearings, 930-939 

cast-iron, 933 

of engines, 810-815 
Journals, coefficients of friction of, 


930 
lubricated, friction of, 931, 932, 
934, 935, 937 


Kelvin’s rule for electric transmis- 
sion, 1036 zi ‘ 
Kerosene for scale in boilers, 718 
Keys, dimensions of, 977 
for machine tools, 976 
for shafting, sizes of, 976 
holding power of, 978 
sizes of, for mill-gearing, 975 
Kinetic energy, 429 
King-post truss, stresses in, 442 
Kirkaldy’s tests on strength of 
materials, 296-303 
Knots, 344 
Knot or nautical mile, 17 
Koepe system of hoisting, 910 
Krupp steel tires and axles, 298, 299 
Kutter’s formula, flow of water, 559 
formula, table from, of flow of 
water in pipes, 568, 569 


Ladles, foundry, dimensions of, 953 
Lag-screws, holding power of, 290 
Lacing of belts, 883 
Lamps, are, 1041 i 
Lamps, incandescent electric, 1042 
life of, 1042 
specifications for, 1043 
Lamps, Nernst, 1043 
Lap-joints, riveted, 358 
Land measure, 17 
‘Lang Lay” ee 229 
Lap and lead in slide valves, 824-835 
Latent beat of ammonia, 992 
heat of evaporation, 462 
heat ot fusion of iron and steel, 


heats of fusion of various sub- 
stances, 461 

Lathe, change-gears for, 956 
cutting speed of, 953 
horse-power to run, 961-963 
rules for serew-cutting gears, 955 
setting taper in, 956 
tools, forms of, 955 


irr-loc 
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‘Lattice girders, allowed stresses in, 


Law of Charles, 479 
Laws of falling bodies, 424 
of motion, 415 
Lead, properties of, 167 
Pao, werente and sizes of, table, 


pipe, tin-lined, sizes and weights, 
table, 201 

sheet, weight of, 200 

and tin tubing, 200 ; 

Waste pikes weights and sizes of 


Leakage of steam in engines, 761 
Least common multiple, 2 
Leather, strength of, 302 
Le Chatelier’s pyrometer, 451 
Levelling by barometer, 482 

by boiling water, 482 
Lever, 435 

bent, 436 
Lighting, electric, 1041-1043 
Anges’ protection of chimneys, 


Lignites, analysis of, 631 
Lime, weight of, 170 
and cement mortar, strength of, 


Limestone, strength of, 312, 313 
Limit, elastic, 236-239 
gauges for screw-threads, 206 
Lines of force, 1050 
Links, steam-engine, size of, 815 © 
steel bridge, strength of, 298 
Link-belting, sizes and weights, 9126 
Link-motions, steam-engine, 834- 


836 
Lintels in buildings, 1020 
Liquation of metals in alloys, 323 
Liquid measure, 18 
Liquids, expansion of, 461 
specific gravity of, 164 
specific heats of, 457, 458 
Locomotives, 851-866 
boiler pressure, 859 
boilers, size of, 855 
compounding of, 863 
counterbalancing of, 864 
cylinders, 854 
dimensions of, 859b-862 
drivers, sizes of, 859. 
effect of speed on cylinder pres 
sure, 859 
efficiency of, 854 
exhaust-nozzles, 856 
fire-brick arches in, 857 
fireless, 866 My 
forgings, strength of, 297 
formula for curves, 859a 
free-steaming, 855 
fuel waste of, 863 
grate surface of, 856 
hauling capacity of, 853 
horse-power of, 855 
indicator tests of, 863 
light, 865 % 
link motion, 859a 
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Locomotives, narrow-gauge, 865 
oil consumption of, 94 
performance of high-speed, 859a 
petroleum-burning, 865 
safe load on tires, 865 
smoke-stacks, 856 
speed of, 859a 
steam distribution of, Lae 
steam-ports, size of, 8 
testing apparatus, Esa 
tractive power of, 853, 857 
types of, 858 
valve travel, 859 
water consumption of, 862 
weight of, 857 
Wootten, 855 

Logarithms, 77 
hyperbolic, ante of, 156-158 
tables of, 1294156 
use of, 127-129 

Logarithmic curve, 71 
sines, etc., 162 

Logs, area of water required to 

store, 232 
weight of, 232 

Long measure, 17 
measure, French, 21 

Loops of force, 1050 

Loop, steam, 676 

Loss ve head, 573-579 

d, Cox’ s formula, 575 
of head, in cast-iron pipe, tables, 
574, 5’ 
of head in ieatad steel pipes, 574 

Low strength of steel, 392 

Lowmoor iron bars, strength of, 297 

Lubrication, 942-945 

Lubricants, examination of oil, 943 
measurement of durability, 942 
oil, specifications for, 944 
qualifications of good, 942 
relative value of, 942 
soda mixture, 945 
solid, 945 
specifications for petroleum, 943 

Lumber, weight of, 232 


Machines, dynamo-electric, 1055- 
1060 (see Dynamo-electric 
machines) 


Machines, efficiency ye 432 
elements of, 435-44! 
Machine screws, ilo of propor- 
tions of, 209 
screws, taps for, 970 
shop, 953-978 , 
shoe, horse-power required in, 


tools, keys for, 976 
tools, power required for, 960-965 
tools, proportioning of, 975 
tools, soda mixture for, 945 
Machinery, coal -handling, 912-912d 
horse-power required to run, 964 
Maclaurin’s theorem, 76 
Magnesia bricks, 235 
Magnesium, properties of, 168 
Magnetic balance, 396 


INDEX. 


Magnetic capacity of iron, effect of 
annea. 96 
circuit, 1051; units of, 1050 
field, strength of, 1057 
Magneto-motive force, 1050, 1051 
Magnets, electro-, 1050-1054 
Lebo re metal, composition of, 
Mahler’s calorimeter, 634 
Main-rods, steel, specifications for, 


401 
Malleable castings, rules for use of, 
376 


iron, 375 

iron, strength of, 376 
Malleability of metals, table, 169 
Man-wheel, 434 
Man, work of, tables, 433 
Mandrels, standard, 972 
Manganese, properties of, 168 

bronze, 331 

copper alloys, 331 

effect of on steel, 389 

effect of on cast jron, 367 

plating of iron, 389 


steel, 407 
Manila rope, eet weight and 
strength of, 304, 344 


Mannesmann est strength of, 
296 


Manometer, air, 481 
Marble, strength of, 302 
Marine Engineering, 1001-1019 (see 
Ships and Steam-engines) 
Marine boilers, 1015 
engines, comparison of old and 
modern, 1017 
engines, three-stage, 
pansion, 1017-1019 
Marriotte’s law of gases, 479, 742 
Masonry, crushing strength of, 312 
materials, weight and specific 
gravity of, 166 
Mass, definition of, 427 
expression of, 439 
Materials, 163-235 
strength of, 236-346 
strength of, Kirkaldy’s 
296-303 
5 Bier stresses permissible in, 
81 


triple-ex- 


tests, 


various, weights of, 169; table, 166 
Maxima and minima, 7 

without calculus, 1080 
Maxwell, definition and vate of, 


Mean effective pressures of adia- 
batically compressed air, 5016 
effective pressure of compressed 
air, table, 502, 503 
Measurements, miner’s inch, 585 
Measurement of air velocity, 491 
of elongation. 243 
of flowing water, 582-588 
of vessels, 1001 
weir-dam, 586 
Measures, apothecaries, 18, 19 
board, 20 


s INDEX. 
Measures, circular, 20 
dry, 18 
liquid, 18 
long, 17 
nautical, 17 


of work, power, and duty, 27 
old land, 17 
shipping, 19 
solid or cubic, 18 
square, 18 
surface, 18 
time, 20 
timber, 20 : 
Measures and weights, metric sys- 
tem, 21-26 
Mechanics, 415-447 
Mechanical equivalent of heat, 456 
powers, 435 7 
stokers, 711 
Meee compressed-air tramway, 


Melting-points of substances, 455. 
Members, bridge, strains allowed in, 


262— 
Memphis bridge, tests of steel in, 393 
bridge, proportions of materials 
in, 381 
Mensuration, 54-64 
Mercurial thermometer. 448 
Mercury-batb pivot, 940 
Mercury, compressibility of, 164 
properties of, 168 
Merriman’s formula for columns, 260 
Mesuré and Nouel’s pyrometric tele- 
scope, 453 
Metacentre, definition of, 550 
Metaline lubricant, 945 
Metals, anti-friction, 932 
coefficients of expansion of, 460 
coefficients of friction of, 930 
electrical conductivity of, 1028 
flow of, 973 | 
heat-conducting power of, 469 
life of under shocks, 
properties of, 167-169 7 
resistance overcome in cutting of, 


960 
specific heats of, 453 
specific gravity of, 164 
weight of, 164 __ SAE 
table of ductility, infusibility, 
malleability, and tenacity, 16' 
tenacity of, at various tempera- 
tures, 382-384 
Meter, Venturi, 583 
Meters, water delivered through, 579 
Metric conversion, tables, 23-26 
measures and weights, 21, 22 
screw-threads, cutting of, 956 
Mil, circular, 18, 29 30 
Mile-ohm, weight of wire per, 217 
Mill columns, 1022 
ee value of, 589 
Milling cutters for gear-wheels, 892 
cutters inserted teeth, 960 
cutters, number of teeth in, 958 
cutters, pitch of teeth, 957 
cutters, spiral, 
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Milling cutters, steel for, 957 
pees cutting speed of, 958- 
machines, feed of, 959, 960 
machines, high results with, 959 
iachine vs. planer, 960 

Miner’s inch, 18 
inch measurements, 585 

Mines, centrifugal fans for, 521 

Mine fans, experiments on, 522 
ventilation 531 
ventilation, equivalent orifice, 533 

Modulus of elasticity, 237 
of sane of various materials, 


of resistance, 247 
of rupture 267 
Moisture in atmosphere, 483 
in steam, determination of, 728- 


731 
bap formula, flow of water, 


Moments, method of, for determin- 
ing stresses, 445 
Moment of a couple, 418 
of a force, 416 
of friction, 938 
of inertia, 247, 419 
of inertia of structural shapes, 
248, 249 
statical, 417 
Momentum, 
Monobar, 9126 
Morin’s laws of friction, 933 
Mortar, strength of, 313 
Motion, accelerated, formule for, 


427 
friction of. 929 
Newton’s laws of, 415 
on inclined planes, 428 
perpetual, 432 
retarded, 424 


Motors, alternating-current, 1071, 
1077 


compressed-air, 507 
electric, direct-current, 1055, 
1074-1076 

water-current, 589 
Moulding-sand, 952 
Moving strut, 436 
Mule, work of, 435 
Multiphase electric currents, 1068 
Muntz metal composition of, 325 
Multiple system of evaporation 463 
Mushet steel, 409 


Nails, cut vs. wire, 290 
cut, table of sizes and weights, 213 
wire, table of, sizes and weights, 
214, 215 
Nail-holding power of wood, 291 
Naphtha engines, 850 
Napier’s rule for flow of steam, 669 
Natural gas, 649 
Nautical measure, 17 
mile, 17 
Newton’s laws of motion, 415 ~»- 
Nickel-copper alloys, 332 lena 
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Nickel, properties of, 168 
steel, 
steel, tests of, 408 
Nozzles for measuring discharge of 
pumping-engines, 584 


Oats, weight of, 170 
Ocean waves, power of, 599 
Cr definition and value of, 


Ohm, definition and value of, 1024 
Ohm’s law, 1029 
law, applied to alternating cur- 
rents, 1064 
law, applied to parallel circuits, 


law, applied to series‘ circtits, 
Oil, ek needed for engines, 


as fuel, 646 
fire-test of, 944 i 
lubricating, 942-945 (see Lubri- 
cants) 
paraffine, 944 
well, 944 
pressure in bearings, 937 
tempering of steel forgings, 396 
’ 4s. coal as fuel, 646 
Open-hearth furnace, temperature 
determinations in, 452 
steel (see Steel, open-hearth) 
Ordinates and abscissas, 69 
Ores, weight of, 170 ; : 
Orifice, equivalent, in mine ventila- 
tion, 533 
flow of air through, 484, 518 
flow of water through, 555 
rectangular, flow of 
through, table, 584 
Oscillation, center of, 421 
radius of, 421 _ : 
Overhead steam-pipe radiators, 537 
Ox, work of, 435 
Oxygen, effect of, on strength of 
Steel, 


water 


z, value and relations of, 57 
Packing-rings of engines, 796 
Paddle-wheels, 1013, 1014 
Paint, 387 

qualities of, 388 j 

quantity of, for a given surface, 


388 
Parabola, area of, by calculus, 74 
construction of, 48 
equations of, 70 
Parabolic, conoid, 63 
spindle, 64 ; , 
Parallel rods, steel, specifications 
__ for, 401 
~ forces, 417 
Parallelogram, area of 54 
definition of, 54 
of forces, 416 
of velocities, 426 
Parallelopipedon of forces, 416 
Parentheses in algebra, 34 
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Partial differential coefficient, 73 
payments, 15 

Payments, equation of, 14 

Peat, 643 

Pelton water-wheel, 597, 1081 
tables of, 598, 599. 

Pencoyd shapes, weights. and sizes, 


177, 
Pendulum, 422 
conical, 423 
Percussion, center of, 422 
Perfect discharge elevators, 9124 
Perforated plates, excess of strength 
of, 359 
plates, strength of, 354 
Permeability, magnetic, 1051 
table, 1052 
Permutation, 10 
Perpetual motion, 432 
pat as a metallurgical fuel, 
burning locomotives, 865 
cost of, as fuel, 646 
engines, 850 
Lima, 645 
products of distillation of, 645 
products, specifications for, 944 
value of, as fuel, 645 
Pewter, composition of, 336 
Phcenix columns, dimensions of, 
257-259 
Phosphorus, influence of, on cast 
_ iron, 366 
influence of, on steel, 389 
Phosphor-bronze, composition of, 
Bpercet for, 327 
springs, 
strength of, 327 
Pictet fluid, 982 
ice-machine, 985 
Piezometer, 582, 
Pig-iron, analysis of, 371 
chemistry of, 370 
charcoal, strength of, 374 
distribution of silicon in, 369 
grading of, 365 
influence of silicon, etc., on, 365 
tests of, 369 
Pillars, strength of, 246 
Pins, taper, 972 
Pine, strength of, 309 
Pipes, air-bound, 579 
ent, table of, 199 
block-tin, weights and sizes of, 
table, 200 
capacity of, 573 
cast-iron, 185-190 
cast-iron, gas, weight of, 188 
cast-iron, safe pressures for, ta- 
bles, 189, 190 . 
cast-iron, thickness of, for various 
heads, 188, 189 
cast - iron water, 
strength of, 251 
cast-iron, weight of, 185, 188 
cast-iron, weight of  12-foot 
lengths, 186 


transverse 


INDEX. 


Pipes, coiled, table of, 199 
effects of bends in, 488, 578, 672 
equation of, 491 
fittings, cast-iron, 
weights, 187 
fittings, spiral-riveted, table, 198 
sero for cast-iron pipe, table, 


flanges, extra heavy, table, 193 

flanges, table of standard, 192 

flow of air in, 485, 489 

flow of gas in, 657 

flow of stearn in, 669-673 

flow of water in, 557, 566-572 

for steam-heating, 540 

house-service, flow of water in, 
table, 578 

lead, safe heads for, 201 

lead, tin-lined, sizes and weights, 
table, 201 

ern weights and sizes of, table, 


sizes and 


loss of nir-pressuré in, 487; tables, 
488, 489, 490 

loss of head in, 573-579 (see Loss 
of head 

aes) of water discharged by, 


riveted hydraulic, weights and 
safe heads, table, 191 
caper a dimensions of, table, 


riveted, safe pressures in, 707 

riveted-steel water, 295 

spiral riveted, table of, 198 

Steam (see Steam-pipes) 

table of capacities of, 120 

threads on, 195 

wrought-iron, standard, table of 
dimensions, 194 : 

volume of air transmitted in, 
table, 486 

water, relation of diameter to 

_ capacity, 566 

; Fine cones Yadiation through, 


Pistons, steam-engine, 795 
Piston-rings, steam-engine, 796 
Piston-rods, steam-engine, 796-798 
Piston-valves, ‘steam-engine, 834, 


10 

Pitch, diametral, 888 

of gearing, 887 

of rivets, 357-359 

of screw propellers, 1012 
Pitot tube gauge, 583 
Pivot-bearings, 939 
Pivot-bearing, mercury bath, 940 
Plane, inclined, 437 (see Inclined 
plane) 1 

surfaces, mensuration of, 54 
Planers, cutting speed of, 953 
Planer, heavy work on, 96 

horse-power required to run, 963 

tools, forms of, 955 

vs. milling-machine, 960 “4 
Plates, acid-pickled, heat transmis- 
. sion through, 474 
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Plates, areas of, in square feet, table, 


Bi 
boiler, strength of, at high tem- 
peratures, 383 ete 

brass, weight of, table, 202 : 

corrugated-steel. properties of, 
table, 274 . 

Carnegie trough, properties of, 
table, 274 

circular, strength of, 283 

copper, weight of, table, 202 

copper, strength of, 3! Ome 

flat, cast-iron, strength of, 286 

flat, for steam-boilers, rules for, 
701, 706, 709 

iron, approximating weight of, 


3 
iron, weight of, table, 175 
of different materials, table for 
calculating weights of, 169 
stayed, strength of, 286 . 
for stand-pipes, 293 
perforated, strength of, 353, 360 
punched, loss of strength in, 354 
steel boiler, specifications for, 399 
steel, corrections for size of, in 
tests, 380 4 ch 
Ba for cars, specifications for, 
steel, specifications for, 400, 401 
steel, tests of, 297, 390 
strength of flat, 283-286 
strength of flat unstayed, 284 
transmission of heat through, 471 
transmission of heat through, air; 
to water, 474 
transmission of heat through 
steam to air, 475 t 2 
Plate-girders, allowed stress¢s ,in, 
264 Sy OE 
girder, strength of, 297. 4 
Plating for bulkheads, table, 287 
steel, stresses in, due -to water- 
pressure, 287 : § 
for tanks, table, 287 
Platinum, properties of, 168° 
wire, 225 ~ | 
Plugs, fusible, in steam-boilers, 710 
Pneumatic hoisting, 909 ay 
Polarity of electro-magnets, 1054 
Polyedron, 62 aay 
Polygon, area of , 55 ' ttt 
construction or, 42,43 ~~ 
definition of, 55 eet 
table of, 44, 55 y 
Polygons, impedance, 1064-1066 
of forces, 416 
Polyphase circuits, 1068 
Pope syria of compressed air, 


Population of the United States, 12 
Port opening in steam-enginés, 828 
Portland cement strength of, 302 
Postal transmission, pneumatic, 
Potential energy, 429 , 
Pound-calorie, definition of 455» 
Pound mer square inch, equiyalenta 
of, 3 ! > 
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Powell's screw-thread. 975 ~ 
Power, animal, 433 

definition of, 429 : 

factor of alternating currents, 


1062__ 
hydraulic. in London. 617 
measure 0’ 
of electric circuits, 1031 
of a waterfall, 
of ocean waves, 599 
unit of. 429 

neers of numbers, tables, 7, 86- 


of numbers, algebraic, 33 
Pratt truss, stresses in, 443 
Preservative coatings, 387-389 
Press, hydraulic, thickness of cylin- 
ders for, 288 
Pressed fuel, 632. 
Pree hydraulic, in iron works, 
punches, etc., 972 


Pressure, collapsing, of flues, 265 


collapsing, of ho low cylinders, 264 
, or foaming, of steam- 
. . boilers, 552,718 
Prism, 60 
Prismoid, 61 


‘ rectangular, 61 
Prismoidal-formula, 62 
Problems, geometrical, 37-52 
- in circles, 39, 
in ies and “ee 37, 38 
‘in polygons, 
» in triangles, 4 
Producers, gas, af of steam in, 650 
_ Producer-gas, 646-651 (see Gas) 
Progression, arithmetical and geo- 
©) metrical, 1 
prom brake, 978 
Proj ; serew, 1010-1013 (see 
SP linea ler 
shafts, strength of, 299 
Wescarpen. 5 
compound, 6 
Pulleys; See ies Aa 
‘arrangement o 
arms of,'820 
cone,’ 874 
‘convexity of , 874 
differential, 439 
‘for sope dri yins 925 
or blocks, 4 
proportions ar 873 
speed of, 884, 891 
Pulsometer, 612 
tests of, 613 
ae hie pumping-engines, 601- 


air, for condensers, 841 


boiler-feed, efficiency of, 726 
centrifugal, 606-609 
centrifugal, as suction-dredge, 609 
reer: efficiency of, 608 
Paktearrs of height of 
ee ee ve locity, 606 
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Pumps. centrifugal, sizes of. 607 
centrifugal, tests of 609 
Se for condensers. 843 

eas at air mine, 511 
dept of suction of, 602 
direct-acting, efficiency of, 604 
direct-acting, proportionsof steam 
cylinder, 602 
duplex steam, sizes of, 604 
feed, for marine engines, 843 
horse-power of, 601 
jet, 614 
leakage test of, 611 
lift. water raised by, 602 
piston speed of, 605 
e steam, sizes of, 603 
aarrs of water in passages of, 602, 


suction of, with hot water 602 
theoretical capacity of, 601 
vacuum, 612 

Pump-valves, 606 

Pumping by compressed air. 505a 

Pons. engines, duty trials of, 


economy of, 782 
table of data and results of duty 
trials of, 611 
triple-expansion, 782 
use of nozzles to measure dis- 
charge of, 584 
Punches, clearance of, 972 
spiral, 972 
Punched plates, strength of, 354 
Punching, effect _of, on struct 
steel, 394 
and drilling of steel, 395 
Purification of water, 554 
Pyramid, 60 
frustum of, 61 
Pyrometer, air, yjsvibore’e, 453 
copper-ball, 4. 
fire-cl: ay, Soper 8, 453 
Hobson’s hot-blast, 453 
Le Chatelier’s, 451 
principles of, 448 
thermo-electric, 451 
Uehling-Steinbart, 453 
Pyrometric telescope, 453 
Pyrometry, 448-455 


Quadratic equations! 35 
ptr cell of pee figures, 74 
of surfaces of revolution, 75 
Quadrilateral, definition of, 54 
area of, 54 
area of, inscribed in circle, 54 
Quadruple- -expansion engines 772 
Sebel measurement of heat, 
45. 


Quarter-twist belt, 883 

Quartz, cubic feet per ton, 170 

Queen-post truss, stresses in, 442 
inverted, stresses in, 443 


Rack, gearing, 895 ; 
Radiating power of substances, 469 
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Radiating surface, computation of, 
for hot-water heating, 543 
surface, computation of, 
steam heat, 536 
Radiation of heat, 467 
of various substances, 475 
table of factors for Dulong’s laws 
of, 476 
Radiators, experiments with, 545 
heating value of, 477, 534 
overhead steam-pipe, 537 
Radius of curvature of wire rope, 922 
of gyration, 247, 420 
of pee. graphical method for 
ding 


ior 


of gyration of structural shapes, 


24 
of oscillation, 421 - 
Rails, size of bolts for splicing 210 
size of spikes for, 212 
steel, maximum safe load on, 865 
steel, specifications for, 398 
steel, strength of, 298 
Railroad axles, 384 
trains, resistance of, 851 
trains, speed of, 859 
Railways, electric, 1041 
narrow-gauge, 865 
Railway, _ street, 
510, 511 _, 
Ram, hydraulic, 614 
Ratio 5 : 
aioe of alternating currents, 
1 


Reamers, taper, 972 

Réaumer thermometer-seale, 448 

Recalescence of steel, 402 

Receiver-space in engines, 766 

Reciprocals of numbers, tables of, 
80-85 


compressed-air, 


use of, 85 
Rectangle definition of, 54 
value of diagonal of, 54 
lead as a preservative, 387 
Reduction, ascending and descend- 


ing, 5 i 
Rectangular prismoid, 61 
Reese’s fusing disk, 966 
Reflecting power of substances, 468 
Refrigerating-machines, air-ma- 
chines, 983 
ammonia-absorption, 984, 987 
ammonia-compression, 983, 986 
cylinder-heating, 997 
ether-machines, 983 
heat-balance, 990 
ice-melting effect, 983 ee 
liquids for, pressures and boiling- 
points, 982 
operations of, 981 
pipe-coils tor, 985 
pertormances of, 994-997 
properties of brine, 
properties of vapor, 993 
relative efficiency of, 988 
relative performance of ammonia- 
compression and absorption 
machines, 983 
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Refrigerating-machines, sulphur-di- 
oxide machine, 985 

“temperature range, 991 

tests of, 990-992 

using water vapor, 988 
Refrigeration, 981-1001 

means of applying the cold, 999 
Registers for steam-heating, 539 
Reenaatye experiments on steam, 


Reluctance, magnetic, 1050, 1051 
Reservoirs, evaporation of water 
in, 463 
Resilience, 238 
elastic, 270 
Resistance, elastic, to torsion, 282 
electrical, 1027-1032 
electrical, effect of annealing, 


electrical, effect of temperature, 
1029 


electrical, in circuits, 1029-1031 

electrical, internal, 1031 : 

electrical, standard of, 1029 

electrical, of copper wire, 1029, 
1034 

electrical, of steel, 403 

elevation of ultimate, 238 

of metals to repeated shocks, 


238 
modulus of, 247 
of ships, 1002 
of trains, 851 
work of, of a material, 238 
Resolution of forces, 415 
Reversing-gear for steam-engines, 
dimensions of, 815 
Retarded motion, 424 
Rhomboid, definition and area of, 


4 
ee is definition and area of, 


Rivet-iron and -steel, shearing re- 
sistance of, 363 
Rivets, bearing pressure on, 356 
orn for boilers, weight of, 
diameters of, table, 360 
in steam-boilers, rules for, 700 
pitch of, 359 
pressure required to drive, 1080 
rules for strength of, 3 
steel, specifications for, 401 
Riveting, efficiency of different 
methods, 355 
hand, strength of, 355 
hydraulic, strength of, 355 
machines, hydraulic, 618 
of structural steel, 394 
pressure required for, 362 
Riveted iron pipe, dimensions of, 
” table, 197 
joints, 299, 354-363 
sone: drilled vs. punched holeg 


joints, efficiencies of, 359, 361 
joints, notes on, 356 
joints, proportions of, 358, 359 


. 
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Bieiot joints. single-riveted lap, 
calculated strength of 


riv-sel 


pipe, flow of water in, 574 
Pipe, weight of iron for, 197 
is ice of carriages on, 


435 
Rock-drills, air required for, 505a 
requirements of air-driven, 506 
Rods of different materials, table 
for calculating weights of, 


169 
Roof-truss, stresses in, 446 
Roofs, safe loads on, 184, 281 


strength of, 1019 
Roofing materials, 181-184 
porns weight of various, 
1 
Roller-bearings, 


Tings, 940 
Rolling of steel effect of finishing 
temperature, 392 
Ropes and cables, 338-346 
eable-traction, 226 


ra -wire, 228 

ania = and hemp, strength of, 

for coal-hoisting, 343 : 

hemp and wire. table of, working 
loads for, 339 


hheeopgeteibe, 0th: ateameth. mad 
weight of, 340 ie 


— weight and strength of, 
splicing of, 341 é 
steel flat, table of sizes, weight, 
and strength, 229 
-wire hawsers, 229 
stevedore, 340 
table of, strength of iron, steel, 
and hemp, 


iriving, 92 
practice, 926 
horse-power of, 924 
pulleys for, 925 


accelerated, work of, 


INDEX. 


moul 


Sand, cubic feet per ton, 170 
ding, 952 
Hone ben strength of, 312 


939 
Screw, 60 
bolts, efficiency of, 974 
conveyors, 912d 
differential, efficiency of, 974 
efficiency of , 974 
(element of machine), 437 
propeller, 1010-1013 
oS) 


ropeller. 
ropeller, 
Tanetiag 


threads, Sellers, : 

rr ay apr ake ea 

threads. U. S. standard, table of 
pitches 
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sou-sta 


Sources of energy, 432 

Specific gravity, 163-165 
gravity and Baume’s hydrom- 

eter compared, table, 165 

gravity of brine, 464, 994 
gravity of cast iron, 374 
gravity of copper-tin alloys, 320 
mey. of copper-tin-zine alloys, 


gravity of gases, 166 
gravity of ice, 550 
gravity of metals, table, 164 
gravity of liquids, table, 164 
gravity of steel, 403 
gravity of stones, brick, etc., 166 
Specific heat, 457-459 
heat, determination of, 457 
heat of air, 484 
heat of ammonia, 992 
heats of gases, 458 
heat of ice, 550 
heat of iron and steel, 459 
heat of liquids, 457 
heats of metals, 458 
heat of saturated steam, 660 
heat of superheated steam, 661 
heat of water, 550 
heats of solids, 457, 458 
heat of woods, 458 
Specifications for boiler-plate, 399 
for car-wheel iron, 375 
for cast iron, 374 
for chains, 307 
for elliptical steel springs, 352 
for helical steel springs, 353 
for incandescent laces 1043 
for oils, 945 i 
for petroleum lubricants, 943 
for phosphor-bronze, 327 
for spring steel, 401 
for steel axles, 397 
for steel billets, 401 
for steel castings, 397, 406 
for steel crank-pins, 401 
for steel forgings, 397 
for steel main-rods, 401 
for steel parallel rods, 401 
for steel rails, 398 
for steel rivets, 399, 401 
for steel splice-bars, 398 
for steel tires, 398 
for steel in Memphis bridge, 382 
for structural steel, 400 
for chased steel for bridges, 


for structural steel for buildings, 
398 


for structural steel for ships, 399 
for tin and terne-plate, 1088 
for wrought iron, 378, 379 
Speed of cutting-tools, 953, 954 
of vessels, 1006-1009 
Sphere, measures of, 61 
Spheres of different materials, table 
for calculating weight of, 169 
table of volumes and areas, 118 
Spherical segment, area and vyol- 
ume of, 2 


INDEX. 


Spherical polygon area of, 61 
triangle area and volume of, 61 
zone, area and volume of 62 
shells, strength of, 286 
shell, thickness of, to resist a 

given pressure, 286 
Spheroid, 63 | . 
Gris best, sizes and weights of, 


holding power of, 289 
street-railway, 212 
track, 212 
wire. 213 
wrought, 213 
Spindle, surface and volume of, 63 
Spiral, 50, 60 
conical, 60 
construction of, 50 
plane, 60 
gears, 897 
Spiral-riveted pipe, table of, 198 
riveted pipe-fittings, table, 198 
Splice-bars, steel, specifications for, 


Splicing of ropes, 341 
of wire rope, 34 
Spring steel, strength of, 299 
Springs, 347-353 
elliptical, 347 
elliptical, sizes of, 352 
elliptical, specifications for, 352 
for engine-governors, 838 
helical, 347 3 
helical, formule for deflection and 
strength, 348 
helical, specifications for, 353 
helical, steel, table of capacity 
and deflection, 347, 353 
laminated steel, 347 
locomotive, specifications for, 400 
phosphor-bronze, 352 
semi-elliptical, 347 
to resist torsion, 352 
Spruce, strength of, 310 
Spur gears, machine-cut, 905 
Square, definition of, 
measure, 18 
root, 8 
roots, tables of, 86-101 
value of diagonal of, 54 


‘ 


‘Squares of numbers, table, 86-101 


of decimals, table, 101 
St. Gothard tunnel, loss of pressure 
in air-pipe mains in, 490 
Stability, 417 
of a dam, 417 
Stand-pipes, 292-295 
failures of, 294 
guy-ropes for, 293 _ 
heights of, to resist wind-pres- 
sure, 293 
heights of, for various diameters 
and plates, table, 294 
thickness of bottom plates, 295 f 
thickness of plates in, 293 i 
wind strain on, 293 
Stand-pipe at Yonkers, N. Y., 295 
Statical moment, 416, 417 


INDEX, 


Stay-bolt iron, 379 
Stayed surfaces, strength of, 286 
Stays, steam-boiler, loads on, 703 
steam-boiler, material for, 703 
Stay-bolts in steam-boilers, 710 
Steam, 659-676 2 
— moisture in, 728- 
dry, definition, 659 
dry, identification of, 730 
expansion of, 742, 743 
flow of, 668-674 (see Flow of 
steam) 


gaseous, 661 

generation of, from waste heat of 
eoke-overis, 638 

heat required to generate 1 pound 


of, 660 
latent heat of, 659 _ 
loss of pressure in pipes, 671 
mean pressure of expanded, 743 
moisture in, 728 ¥ 
properties of, as applied to steam- 
heating, 540 
Regnault’s experiments on, 661 
relative volume of, 
saturated, definition, 659 
saturated, density, volume, and 
latent heat of, 660 
saturated, properties of, table, 


saturated, specific heat of, 660 

saturated, temperature and pres- 
sure of, 659 

saturated, total heat of, 659 

superheated, definition, 659 

superheated. economy of steam- 
engines, with, 783 | 

superheated, properties of, 661 

superheated, ific heat of, 661 

temperature of, 659 

weight of, per cubic foot, table, 


662 
wet, definition, 659 
¢ work of, in single cylinder, 746- 


753 
Steam-boiler, 677-731 
peer aca bumped heads, rules 

‘or, 
conditions to secure economy of, 


682 
construction of, 700-711, 1085 
construction of, United States 
merchant-vessel rules, 705-708 
corrosion of, 386, 716-721 


of, 687 
efficiency of, 683 
explosive energy of, 720 
factors of evaporation, 696-699 
factors of safety of, 700 
feed-pumps for, efficiency of, 726 
feed-water heaters for, 727 
feed-water, saving due to heat- 
ing of, 727 


sta-ste $119 


Steam-boilers, fiat platesin rules for, 
1, , 709 


flues and gas-passages, propor- 
tions of, 680 

foaming or priming of, 552, 718 

for blast-furnaces, 689 

forced combustion in, 714 

fuel economizers, 715 

furnace formule, 702 

furnaces, height of, 711 

fusible plugs in, 710 

gas-fired, 714 

girders, rules for, 703 

pth sper ate — 680 z 

grate-surface, relation to heating 
surface, 682 


grate-surface, 682 
height of chimney for, 735 
+h rates of evaporation, 687 
horse-power of, 677 
incrustation of, 716-721 
injectors on, 725, 726 (see Inject- 


ors) 
pe doa of, Philadelphia rules, 


marine, corrosion of, 719 

maximum efficiency with Cum- 
berland coal, 689 

measure of duty of, 678 

mechanical stokers for, 711 

performance of, 681-685 

plates, ductility of, 705 

plates, tensile strength of, 705 

pressure allowable in, 706-708 

proportions of, 678-681 | 

proportions of. grate-spacing, 681 

proportions of grate-surface, 680 

Rraperne of heating-surface, 


proportions of grate- and heating- 

Ae for given horse-power, 
7 

proportions of, .eating-surface per 
horse-power, 679 

safe working-pressure, 707 

riveting, rules for, 700 

safety-valves for, 721-724 

safety-valves, discharge of steam 
through, 724 

safety-valves, formule for, 721 

safety-valves, spring-loaded, 724 

scale in, 716 

scale compounds, 716 

sediment In, 717 

shells, material for, 700 

shell-plate formule, 701 

smoke prevention, 712-714 

stays, loads on, 703 

stays, material for, 703 

stay-bolts in, 710 

strains caused by cold feed-water, 


727 
strength of, 700-711 
strength of rivets, 700 


Oe teas 
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685-6 2 
tests of, at Centennial Exhibition, 


685 
tests of, — 700 
tests, rules 
tubes, parters power 5 704 
tubes, iron vs. 7 


kerosene in, 718 


use of zine 

using waste zases, 689, 690 
Steam-ealorimeters, 728-731 
Steam-domes on boilers, 711 
Steam-engines, 742-847 

advantages of compounding, 762 

at Columbian 774 


compound, 761-768 
ben? pee best cylinder ratios, 


compound, calculation of eylin- 
ders of, 768 

ceeponnd. pees indicator 
jagrams, 

compound, condensing, 788 

compound, cylinder proportions 
be find, of, 780 

compound, economy of, 

compound, efficiency of, 784 

com pune, expansions in two- 
cylinder, 765 

compound, formule for expan- 
Eoin Bie speeds peck 

compo A ‘or- 

mances of, 778,779 

compound, high -speed, sizes of, 
778,779 

compound marine, approximate 
horse-power of, 766 

perce spans, cylinder ra- 
tios of, 7 

compound, ge PS efi- 
ciency of, 784 

compound, pressures in two 
cylinders, 765 

compound, receiver type, 762 

compound, receiver, 
gram, 763 2 

a receiver space in, 


compound, steam-jacketed, per- 
formances of, 778 
compound, steam-jacketed, test 
of, 788 
compound, Sulzer, water con- 
sumption of, 783 
pane two os. three cylin- 
Ts, 7 
compound, velocity of steam in 
passages of. 772 : 
pompous water consumption 
777 


INDEX. 


~economy of compound rs. triple- 


pS cama best periods of, 752 
ression, effect of, 751 
839-847 


cond . (see Con- 
densers 

sag ak ge dimensions of, 
7 

connecting-rod ends, 800 

Corliss, 773, 780 

cost of 1085 — 


804 
crank-pins, pressure on, 804 
crank- tev en of, ae 


crank-shafts, three-throw, 815 

crosshead and _ crank, "relative 
motion of, 831 

erosshead-pin, dimensions of, 804 

Varig tat most economical point 


Fhe i condensation, experi- 
ments on, 753 

piles condensation, loss by, 
a 

cylinders, dimensions of, 792 


eccentric-rods, dimensions of, 816 
economic performance of 77. e791 


economy at various Speeds, 786 
economy, effect on, o! £ steam, 
781 


expansion, 781 
oy of, in central stations, 


‘ 
economy of, erie and com- 
pound com: 780 
comer under variable loads, 


Spend with superheated steam. 


effect ciccrry dupe 9 Set 781 
estimating I.H.P. of compound, 


efficiency in thermal units per 
minute, 749 


exhaust steam used for heating, 
730 


expansions in, table, 750 
bg: kg working of steam in, ta- 


flywheels, 817-824 
fiywheels, 


arms of, 
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Steam-engines, water consumption 
of, 753, 776, 777, 783, 785, 786 
water consumption from indica- 
tor-cards, 760 
work of one pound of steam, 749 
work of steam in single-cylinder, 
746-753 : 
wrist-pin, dimensions of, 804 
Steam heat, storage of, 789 
heating, 534-541 : 
Beoene diameter of supply mains, 


heating, indirect, 537 ‘ 

heating, indirect, size of registers 
and ducts, 539 

heating of greenhouses, 541 

heating, pipes for, 540 

heating, properties of steam and 
condensed water, 54! 

jackets on engines, 787 

jet blower, 527 

jet exhauster, 527 

' jet ventilator, 527 

oop, 676 Te 

-metal, composition of, 325 

Pipes, 674-676 

pipes, copper, strength of, 675 

pipes, copper, tests of, 674 

pipes, failures of, 676 

Pipes for engines, 673 | 

pins or marine engines, 674, 


pipes, riveted-steel, 675 

“ pipes, uncovered, loss from, 676 
pipes, valves in, 675 
pipes, wire-wound, 675 
Pipe coverings, tests of, 471 
power, cost of, 790 
power, cost of coal for, 789 
separators, 728 
turbines, 790. _ 
vessels (see Ships) 

Steel, 389-414 
aluminum, 409 z 
analyses and properties of, 389 
and iron, classification of, 364 
annealing of, 412, 41 
axles, specifications for, 397 
axles, strength of, 299 
bars, effect of nicking, 402 
beams, safe load on, 269 
Bessemer basic, ultimate strength 

of, 390 
Bessemer. range of strength of, 
391, 392 

billets, specifications for, 401 
blooms, weight of, table, 176 
bridge-links, strength of, 297 - 
burning carbon out of, 402 
castings, 405 _ bs 
eeeen ess specifications for, 397, 


castings, strength of, 299 
chrome, 409 

old-drawn, tests of, 305 
cold-rolled, tests of, 305 
color-seale for tempering, 414 
columns, 256-261 


INDEX. 


Bteel columns, Merriman’s tables of 


erank-pins, specifications for, 401 

crucible, 410-414 

crucible, analyses of, 411 

Seble, effect of heat treatment, 
4 


crucible, selection of grades of, 
410 


crucible, specific gravities of, 411 

effect of annealing on grain of , 392 

effect of annealing on magnetic 
capacity, 396 

effect of cold on strength of, 383 

effect of finishing temperature in 
rolling, 392 : 

effect of heat on grain, 412 

one of oxygen on strength of, 


electrical conductivity of, 403 

eye-bars, test of, 304 

failures of, 403 

fluid-compressed, 410 _ 

for car-axles, specifications, 401 

for rails, specifications, 401 

for milling cutters, 957 

forgings, annealing of, 396 

forgings, oil-tempering of, 396 

forgings, specifications for, 397 

hardening of, 393 £ 

heating of, for forging, 413 

in Memphis bridge, tests of, 393 

ingots, segregation in, 404 

kinds of, for different uses, 397 

life of, under shock, 240 

low strength of, 392. 

main-rods, specifications for, 401 

manganese, 407 | 

manganese, abrasion of, 407 

mixture of, with cast iron, 375 

Mushet, 409 

nickel, 407 

nickel, tests of, 408 

open-hearth, range of strength 
of, 391, 392 

open-hearth structural, strength 
of, 391 


parallel-rods, specifications, 401 

plates (see Plates, steel) 

rails, specifications for, 398 

rails, strength of, 298 

range of strength in, 391, 392 

recalescence of, 402 § 

relation between chemical com-. 
position and physical charac, 

_ ter of, 389 : 

rivet, shearing resistance of, 363 

rivet, specifications for, 399 

rivets, specifications for, 401 

rope, table of strength of, 338 

Toes, flat, table of strength of 


shearing strength of, 306 

sheets, weight of, 174 

specific gravity of, 403, 411 
specifications for, 397-402 

police bere: Specifications for, 


seh 


INDEX. 


Steel, spring, strength of, 299 
springs (see Springs, steel) 
strength of, 297-303 
strength of, variation in, 398 
structural, annealing of, 394, 395 
structural, drilling of, 395 
structural, earliest uses of, 405, 
structural, effect of punching 
and shearing, 

structural, for 
tions of 399, 9 

structural, for buildings, specifi- 
cations of, 398, : 3 

airetar for ships, specifications 
ot, 

structural, properties of, 272-280 

structural, punching of, 395 

structural, riveting of, 394 

structural, specifications for, 400 

in ced size and weights, 177— 

8 

structural, treatment of, 394-396 

structural, upsetting of, 394 

structural, welding of, 394 

struts, 259 

tempering of, 414 : 

tensile strength of, at high tem- 
peratures, 382 

tensile strength of pure, 392 

tires, specifications for, 398 

tires, strength of, 298 

tool, heating of, 412 

tungsten, 409 

water-pipe, 295 

welding of, 396 

wire gauge, tables, 29 

working of, at blue heat, 395 

working stresses in bridge mem-~- 
bers, 262 

Stevedore rope, 340 
Stokers, mechanical 

boilers, 711 

under-feed,712 

Stone-cutting with wire, 966 

Stone, specific gravity of, table, 


16 
weight of, table, 166 
strength of, 302, 312 
Storage-batteries, 1045-1048 
efficiency of, 1048 
Storage of steam heat, 789 
Storms, pressure of wind in, 494 
Stoves, compressed-air heating, effi- 
ciency of, 507 : 
Stove oeeaeebanty cupola charges In, 
94 


Strain, 236 ay A 
Strains, formule for unit, In iron 
and steel in structures, 379 

Straw as fuel, 643 


394 3 
bridges, specifica- 


ry 


for steam- 


measurement of 


Streams, 
streams) 
running, horse-power of, 589 
Strength, compressive, 244-246 
compressive, of woods, 311 
loss of, in punched plates, 353 
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Strength, range of, in steel, 391, 392 
shearing, of iron and steel, 306 
shearing, of woods, table, 312 
tensile, 242 
tensile, of iron and steel at high 
temperatures, 382 

torsional, 281 

transverse, 266-271 

of aluminum, 318 

of BO gly alloys, 328, 

of anchor-forgings, 297 

of basic Bessemer steel, 390 

of belting, 302 

of blocks, 906 

of boiler-heads, 285 | : 

of boiler-plate at high tempera- 
tures, 383 

of bolts, 292 

of brick, 302, 312 

of bridge-links, 298 

of bronze, 300, 319-332 

of canvas, 302 

of cast iron, 370, 374 

of cast iron, relation of, to sili- 
con, 369 

of cast-iron columns, 250-254 

of cast-iron water-pipe, 251 

of chains, table, 307 

of chain cables, table, 340 

of castings, 297 

of cement mortar, 313 

of chalk, 312 

of columns, 246, 250-261. 

of columns, New York building 
laws, 1019 

of Heoppe at high temperatures, 


of copper plates, 300 

of copper-tin alloys, 320 

of copper-tin-zine alloys, graphic 
representation, 323° 

of copper-zine alloys, 323 

of cordage, table, 906 

of crank-pins, 803 

of double-riveted seams, calcu- 
lated, 361 

of electro-magnet, 1053 

of flagging, 313 

of flat plates, 283-286 

of floors, 1019, 1021 

of German silver, 300 

of glass, 308 

of granite, 302, 312 

of gun-bronze, 321 Sen 

of hand and hydraulic riveted 
joints, 355 

of ae and steel, effect of cold on; 

of lime-cement mortar, 313 

of limestone, 312, 313 

of locomotive forgings, 29 

of Lowmoor iron bars, 

of malleable iron, 367 

of Mannesman tubes, 296 

of marble, 302 

of masonry, 312 

of materials, 236-346 
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of parka Berd plates. 353 
of phosphor-bronze, 327 
of Portland cement. 302 
of riveted joints, 299, 354-362 
of roofs, 446, 1019 

of rope, 301, 338, 339 

of san ne, 312 

of sheet metal, 300 

of Silicon-bronze wire, 327 
of soapstone, 312 

of spring steel, 299 

of spruce timber, 310 


str-ten 


of stayed surfaces, 286 
steam-boilers, 700-711 

of steel axles, 299 

of steel castings, 


. 272-280 


Stress due to temperature 283 
Stresses allowed in bridge members, 


combined, 282 
effect of, 236 
in framed 7 


structures, 440-44 
sek “Skee “SAabaeig ahaswwior semis 
pressure, 287 
permissible in structural maie- 
siitntist ty’ sto shocks, 241 
Dd 
a shane elements 


chapes, moment of inertia of, 248, 


Peo prmeeetios 272-230 
of gyration of, 


ures, formule 
in iron and steel in, 379 
Strut, moving, 436 
Struts. aeel formule for, 259 
strength of, 246 
wrought-iron, formule for, 259 
manufacture, 643 


INDEX. 


amitien of, tables, 121, 125, 


sizes 
_ table of, 970, 971 
Taper. to set in a lathe, 956 - 
mae, § 972 
Tape oot ree 916 
Taylor's ae or belting, 880-882 
rem, 7 


Tees _Pencoyd steel, weights and 


623 
stress due to, 283 
effect of, on strength, 309 |, 382 
Tempering. effect of, on steel, 412 
Chery 
ou, OF St orgings. 
Tenacity of metals. 169 
metals 
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Tension and be iuire, combined, 282 
and shear, combined, 282 
Terne-plate, 182 
specifications for, 1088 
Terra-cotta, weight of, 181 
Test-pieces, comparison of large and 
small, 393 


Tests of aluminum alloys, 330 

of aluminum brass, 329 
of cast iron, 369 
calorimetric, of coal, 636 
compressive, of wrought - iron 
compressive, specimens for, 245 
tensile, precautions in, 243 

, Specimens for, 243 
tensile, table of, 242 
of brick, 312 
of cast-iron columns, 250-254 
of centrifugal pumps, 609 
of chains, table, 


of cold-rolled steel, 305 

of fans, 514, 522, 5: 

of gas-engines, 849 

of petroleum-engines, 851 

of hydraulic ram, 615 

of lap and butt riveted joints, 360 
of eters. irkaldy’s, 296- 
of nickel-steel, 408 
of pine timber, 309 

of pulsometers, 613 

of pumping-engines, 611 

of riveted joints, table, 303 

of steam-boilers, 685-699 

of cong -boilers, rules for, 690- 


69 
of steel eye-bars, 304 
of atest eanckist dge, 393 
° in Mem ridge, 
of turbine wheels, 5 
of woods, 306 


of wrought-iron columns, 305 
of vulcanized rubber, 316 
Theory of exponents, 36 | 
Thermal capacity, definition of, 457 
units, 455, 660 : 
units, comparison of British and 
French, 455 
Thermodynamics, 478 
Thermometers, 448 
Thermometer, air, 454 
scales, comparison of, 448 
scales, comparison of, table, 449 
Threads, pipe, 195 
Three-phase circuits, 1068 
Toothed-wheel gearing, 439, 887- 
906 (see Gearing) 
Tidal-power, utilization of, 600 
Tie-rods for brick arches, 281 
Tiles, weight of, 181 
Timber beams, safe loads, 1023 
expansion of, 311 
measure, 20 
properties of, table, 310, 
resistance of drift-bolts in, 290 


bain ee strength of, 309-312, 


table of contents in feet, 21 
weight of, table, 310 
Time, measure of, 20 
Tin, properties of, 168 
-aluminum alloys, 
-copper alloys, 319, 320 _ 
-copper-aluminum pes 330 
-copper-zine alloys, 322, 323, 
lined pipe, sizes and weights, 
table, 201 
pipe, weights and sizes of, 200 
plate, 182 | i 
plate, specifications for, 1088 
nr American packages 
plate, comparison of gauges and 
weights, table, 182, 
Tires, steel, friction of, on rails, 928 
steel, specifications for, 398 
steel, strength of, 298 
Tobin bronze, analyses and proper- 
ties of, 325, 326 
Toggle-joint, 436 . 
Tons per mile, Roti ath of, 27 
Tonnage of yessels, 19, 1001 : 
Tools, machine, of, 953 
metal-cutting, forms of, 955 
Tool-steel, heating of, 412 
Torque of an armature, 1056 
Torsion and compression come- 
bined, 283 i 
and flexure combined, 283 
elastic resistance to, 282 
of shafts, 806 
Torsional strength, 281 
Total heat of evaporation, 462 
Track bolts, 210 
spikes, sizes and weights of, 212 
Tele power of locomotives, 853, 
Tractrix, 50 ‘ 
‘Trains, railroad, resistance of ,851 
paiced ,Tesistance due to friction, 
railroad, speed of, 859 Fr 
Trammels, to describe an ellipse 
with, 46 
Tramway, compressed-air, 510 
Tramways, Wire-rope, 914 
Transformers, electric, 1070 
Transmission, compressed-air, 488 
compressed air, efficiency of, 508 
electric, 1033-1041 
electric area of wires, 1033 
electric, cost of copper, 1 
electric, economy of, 1036 
electric, efficiency of, 1038 
electric, systems of, 1041 
electric, weight of copper for 
1033, 1076 
electric, wire table for, 1037 
hydraulic - pressure, 616-620 (see 
Hydraulic - pressure transmis- 


sion) 
of heat (see Heat) oT 
pneumatic postal, 509 
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Transmission, rope, 922-927 (see 
_Rope-driving) ; 
wire-rope, 917-922 (see Wire 
rope) | 
Transmission-rope, 340 
Transporting power of water, 565 
Tape eso es engine, 769-772 
(see Steam-engines) 
Transverse strength, 266-271 
pees of beams, formule for, 


strength, coefficient of, 267 
Trapezium, 54 
Trapezoid, 54 
Trapezoidal rule, 56 
Triangle, mensuration of, 54 
problems in, 41 
spherical, 61 e 
trigonometrical solution of, 68 
Trigonometry, 65-68 
Trigonometrical formulz, 66 
functions, relations of, 65 
functions, signs of, 66 
functions, table of natural, 159- 


161 
sume none, table of logarithmic, 


Triple-effect evaporator, 463 
Trough plates, properties of steel, 
table, 274 
Troy weight, 20 
Trusses, Burr, 443 
Fink roof, 446 


Pratt, 443 
Queen-post, 442 
roof, 446 
Warren girder, 445 
Whipple, 443 
Tubes, boiler, table, 196 
boiler, table of areas of, 197 
condenser, 840 a ee 
hore Dower of water flowing in, 


of different materials, table for 
calculating weights of, 169 
expanded boiler, holding power 
_ of, 307 
iron, collapsing pressure of, 265 
Mannesmann, strength of, 296 
seamless brass, table, 198 
errata holding power of, 
4 


steam-boiler, iron vs. steel, 704 
ier i material for, 704, 


9 

strength of small, 266 ; 
welded solid-drawn steel, 199 
erORED EUR. extra-strong, 196 
Fee & ates, steam-boiler, rules for, 
Tubing, brass, weight of, table, 200 

copper, weight of, table, 200 

lead and tin, 200 

zine, weight of, table, 200 
Tungsten-aluminum alloys, 330 
Tungsten steel, 409 


INDEX, 


Turbines, steam, 790, 1085 
steam, bearings for, 941 
Turbine wheels, 591-599 
wheels, dimensions of, 597 
wheels, efficiency of, 594 
wheels, Pelton, 597 
wheels, proportions of, 591 
wheels, table, 595 " 
wheels, tests of, 596 
Turf as fuel, 643 
Turnbuckles, 211 | 
Turret lathes, cutting-speed of, 954 
Tuyeres for cupolas, 
in-screw vessels, 1017 
Twist-drill gauge, tables, 29 
Twist-drills, sizes and speeds, 957 
Twisted iron bars, 241 
‘Two-phase currents, 1068 
Type metal, 336 


Uehling-Steinbart pyrometer, 453 
Unequal arms on balances, 19 
Units, electrical, 1024 : 

equivalent value of electrical and 

mechanical, 1026 _ 

of the magnetic circuit, 1050 
Unit of evaporation, 677 

of force, 415 

of power, 429 

of ‘heat, 455, 660 

of work, 428 
Unstayed surfaces, strength of, 284 
Upsetting of structural steel, 394 
United States, population of, 12 

standard gauge, sheet-metal, 30 

eandard gauge, sheet-metal, tae 

ey 


Vacuum, drying in, 466 
umps, 612 a 
Valve-gears, steam-engine, 824-836 
Valve-rods, steam-engine, 81 
(see Steam-engines) 
Valves, marine-engine, 1016 
pump, 606, 
In steam-pipes, 675, 
Vapors, saturation-point of, 480 
Vapor water, weight of, 484 
and gas mixtures, laws of, 480 
for refrigerating-machines, 982 
Varnish, 387 
Velocity, angular, 425 
definition of, 423 
expression of, 429 
linear, of a turning body, 425 
measure of, 2 
of Fa} in pipes by anemometer, 
parallelogram of, 426 a 
table of height corresponding to a 
given acquired 425 
of water in cast-iron pipe, 567 
of water in open channels, 
Ventilating fans, 517-525 
ducts, flow of air in, 530 
Ventilation, 528-546 
air-cooling for, 531 
blower system, 545 


‘ INDEX. 
a $ 


Ventilation, efficiency of fans and 
chimneys, 533 
head of air, 533 
of large buildings, 534 
of mines, 531 : 
rears centrifugal, for mines, 
5 


Ventilator, steam-jet, 527 
Venturi meter, 583 
Versed sine of an angle, 65 
sine, relations of, in circle, 58 . 
Verticals, formule for strains in, 


Volt, 1024 
Vulcanized rubber, tests of, 316 


Walls of buildings, 1019 
Warehouse floors, 1019 | 
Warren girders, stresses in, 445 
Washers, sizes and weights of, 212 
Washing of coal. 638 
Water, 547-555 
abrading power of, 565 
analyses of, 553, 554 
boiling-point of, 550 | 
boiling-point at various baro- 
metric pressures, 483 : 
comparison of head, in feet, with 
various units, 548 
compressibility of, 164, 551 
consumption of locomotives, 862 
consumption of steam-engines, 
753, 776, 777, 783, 785 
erosion by flowing, 565, 
evaporation of. in reservoirs and 
Ghacrels. 463 
expansion of, 547 
fall, Ree EY of. 588 
fall. power of, 588 
flow of. 555-588 (see Flow of 
water) 
flowing in tube, horse-power of, 
flowing. measurement of, 582- 
588 


freezing-point of, 550 

hardness of, 553 

head of, 557. 

head of, equivalent to pounds per 
square inch table. 549 

heat-units per pound, 548 | 

horse-power required to raise, 601 

impurities of 551 

jets. 579 

meters 579 

power 588-620. 

power plants, high-pressure, 1081 

power, value of, 59 

pressure due to weight of, 549 

pressure of one inch, 27. 549 

pressure of one foot 27, 549 

price of 579 " 

pumping by compressed air, 5054 

purification of 554 
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Water, quantity discharged from 

pipes, 573 

relation of diameter of pipe to 
capacity, 566 

softening of, 554 

specific heat of, 550 

transporting power of, 565 

velocity of, in cast-iron pipe, 


velocity of, in open channels, 
564 


weight of, 27, 547, 548 

gas, 648 

gas, analyses of, 653 

gas, manufacture of, 652 

gas plant, efficiency of, 654 

cee pee space required for, 


lines, coefficient of, 1002 
pipes, riveted-steel, 295 
pipe, cast-iron, transverse 
_ strength of, 251 
pipe, cast-iron, weight of, 188 
tower (see Stand-pipe) 
vapor and air mixture, weight 
of, 484 
vapor, weight of, table, 484 
wheel, 591-599 
wheel, Pelton, 597, 1081 
wheels, power of, 1082 
Watt, definition and value of, 1024 
Waves, ocean, power of, 599 
Weathering of coal, 637 
Wedge, 437 
volume of, 61 
Weighing on incorrect balance, 19 
Weights and measures, 17-27 2 
and measures, Metric, 22-26 
Weight and pressure per unit area, 
Metric equivalents of, 27 
of materials, 164-166 (see also 
_ material in question) 
Weir-dam measurement, 586 
Weirs, flow of water over, 555, 586 
Bazin’s experiments, 587 
Weir formule, Francis’s, 586 
table, 587, 588 
Welding. electric 1044 
of steel, 394, 396 
Welds, strength of, 300. 308 
Wetted surface of ships, 1005 
Wheat, weight of, 170 
Wheel and axle, 439 
Wheels, emery, 967-970 (see Emery 
wheels) 
polishing, speed of, 968 
turbine, 591-599 (see Turbine 
_ wheels) 
Whipple truss, stresses in, 443 
White-metal alloys. 336 
composition of, 335 
Whitworth process of fluid com. 
_. pressed steel, 410 
Wiborg's air-pyrometer, 453 
Wind, 492-494 
force of, 492 
pressure of, in storms, 494 
strain on stand-pipes, 293 
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Windlass, differential, 439 
Windmills, 494-498 

capacity of 496 

cost of, 498 

economy of, 497 

efficiency of, 494 
Weer of, “ 

in -engines, 
Wire, me aa properties of, 225 

slumin um bronze, properties of, 

2: 

brass, properties of, 225 

brass, weight of, table, 202 
i gle properties of, 225 
delta-metal, properties of, 225 
copper, rules for resistance of , 222 
copper, specifications for, 225 
copper telegraph, size, weight, 

and resistance of table, 221 
copper, weight of, table, 202 
electric, carrying capacity of, 1033 
electric, fusion of, 1032 
electric, heating of, 1032 
electric, insulation of, 1033 
electric, table, 1034-1035 _ 
galvanized iron, specifications for, 

24 


2: 
galvanized iron, for telegraph and 
telephone lines, 217 
galvanized steel strand, 223 
gauges, tables, 29 
In ted copper, 221 
iron, 216 
nails, 214, 215 
Phosphor-bronze, strength of, 327 
Plano, size and strength of, 224 
plough-steel, 224 R 
phogphar-brans, properties of, 


platinum, properties of. 225 - 

silicon bronze, properties of, 225 

silicon bronze, strength of, 327 

stranded feed, table of sizes and 
weights, 222 

strength of, 216, 301, 303 

telegraph, joints in, 217 

telegraph. tests of, table, 217 

i ee weight per mile-ohm, 

wound flywheels, 824 

Topes, 226-231 

rope, bending curvature, 921 

rope, bending stress of, 918 

rope, care of, 231 

rope, elastic limit of. table, 917 

rope for guys and rigging, 228 

rope for transmission, dimensions, 
strength, and properties, 227 

rope, galvanized steel, dimen- 
sions, strength, and proper- 
ties, 229 

rope, locked, 231 ; 

rope. plough-steel, 227 , 228 

rope, radius of curvature of, 922 

rope, sheaves for, 917, 919 

Tope, splicing of, 346 

ashe strength and weight of, 301, 


‘Wire rope heclea, 912-916 (see 


ropes, tapered, 916 

Tope tramways, 914 

rope transmission, 917-921 | 

rope transmission, deflection of 
rope,920. : 

rope transmission, horse-power 
transmitted, 919 

Tope transmission, inclined, 921 

ee BESO, limits of span, 

fee Pca ae long-distance, 

rope, use of, 231 

tal Le COPEL ALS 220, 1034, 1035— 


hata Pegura 1037 Fe rt 
fo) Ss ents, on stre 
of materials, 238 a 
Wood as a fuel, 639, 640 
composition of, 640 
compressive strengths of, 311 
expansion of, 311 
heat required to expel water 
from, 640 
heating value of, 639 | 
ee power of bolts in, 291 
nail-ho! ding power of, 291 
screws, holding power of, 290 
specific gravity of, table, 165 
weight of, table, 165 
strength of, 302, 309-312, 1079 
tests of, 306 
weight of, per cord, 232 z 
Woods, shearing strength of various 
table, 312 
specific heats of, 458 
weight of various, table, 310 
Wooden flywheels, 823, 824 
Woodstone, properties of, 316 
Woolf compound engines, 762 
Woctten’s ocomotive, 855 
Work, definition of, 27, 428 
expression of, 429 
measure of, 
of acceleration, 430. 
of accelerated rotation, 430 
of adiabatie compression, 501 ~ 
of friction, 938 
: of a horse, 434 
of a man, 433 
rate of, 27 
World’ sg Plaids if 
orld’s » Specifica- 
tions of wrought iron for, 379 
Worm-gear, 440 
Worm-gearing, 897, 1086 
Wrist-pins, steam-engine, 894 
Wrought iron, 377-379 
iron bars, compression tests of, 304 
iron built columns, 25 
iron columns, tests of, 305 
iron chain cables, 308 
iron columns, Merriman’s table 
. for, 260 
iron. influence of chemical com- 
position on properties of, 377 
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NALIONAL LUDE CUMEANT 


® 
MANUFACTURERS OF 


TUBULAR PRODUCTS 


MERCHANT PIPE for Steam, Gas, and Water 
WROUGHT PIPE, up to 30 inches O.D. 


Special Steel Lap-welded Pipe Fitted with 
Converse Patent Lock Joint and Matheson Joint 


Combining Lightness with Great Strength and Durability 
Kalameined, Asphalted, and Tarred Pipe 


SHELBY 
SEAMLESS STEEL TUBING 


For Boiler Tubes, Cylinders, Automobile Parts 
Bicycle Frames, Trolley Poles, Flagstaffs 
AND OVER 300 DIFFERENT USES 
Seamless Steel Bells Seamless Steel Gongs 


FITTINGS, VALVES, ETC. 


Malleable and Cast-iron Fittings 

Wrought and Malleable Couplings 
Nipples, Long Screws and Followers 
‘¢ High-Duty-Metal”? Valves Iron Cocks Iron Body Valves 


“KEWANEE” UNIONS 


‘6 Kewanee’? Valves and ‘*Kewanee’’ Boiler Couplings 
DRIVE WELL POINTS WELL SUPPLIES 


NATIONAL TUBE COMPANY 
General Offices: FRICK BUILDING, PITTSBURGH, PA. 


DISTRICT SALES OFFICES 


New York Pittsburgh Chicago St, Louis 

Philadelphia Atlanta New Orleans Denver 

San Francisco Portland Seattle Salt Lake City 
1 


BALDWIN LOCOMOTIVE WORKS: 


MANUFACTURERS OP 


LOG OMOTIVES 


of Every Description 
BURNHAM, WILLIAMS &-: Co. 
PHILADELPHIA, PA., U.S. A: 
Cable Address: ‘‘Baldwin,’’ Philadelphia. 


STANDARD STEEL WORKS CO. 
HARRISON BLDG.,; PHILADELPHIA, PA., U. S. A. 
SOLID FORGED ROLLED AND 
STEEL TIRED WHEELS 


mounted on axles fitted with Motor Gears for 
Electric Railway Service. 
LOCOMOTIVE TIRES RAILWAY SPRINGS 


FORGINGS ; CASTINGS 


THE HANCOCK VALVES 


Made in one grade ONLY 
FOR. ALL KINDS OF SERVICE 


OUR GUARANTEE 


‘‘We guarantee that each and every 
Hancock Globe, Angle, 60° and Cross 
Valve, with our monogram on it, has 
been tested with 1000 pounds water 

} pressure and found tight before 

&) leaving the works,’ i 


_ Write for our book of 
“Valves” 


s The Hancock Inspirator Co. 


85-87-89 Liberty St. 22-24-26 So, Canal St.« 
© NEW YORK CHICAGO 


i 


The Babcock & Wilcox Co. 
85 Liberty Street, New York. 


Takers of 


BABCOCK & WILCOX 
Stirling, _A. & T. Horizontal, 
ioe Cahall Vertical, 

Water Tube Steam Boilers... 
Steam Superheaters. 
Mechanical Stokers. 


Works: 
Bayonne, New Jersey. 


Barberton, Ohio. 


GREEN’S FUEL ECONOMIZER 


FOR STEAM BOILERS. 


NTACES.—Heats the feed water to a High Temperature, thu 
er AON ANTASESSAVING EN COAL.” Onn be applied to nny type of bolles 
without stoppage of works. A large yYolume of water always in reserve at the 
evaporative point ready for immediate delivery to the boilers. 


Sixteen. Prize Medals. 
SOLE MAKERS IN THE UNITED STATES, 


THE GREEN FUEL CONOMIZER CO. of Matteawan, B. d. 
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THE JONES STOKER 


The ONLY system of mechanical stoking 
in which the fuel supply and the air supply 
are automatically proportioned to each other 
and to varying loads by the steam pressure. 
THE ADVANTAGES OF SUCH AUTOMATIC 
REGULATION ARE OBVIOUS. 


THE 


Under-Feed Stoker Co. of America 
MARQUETTE BUILDING, CHICAGO 


CHIMNEYS, 


PERFORATED 
RADIAL BRICK. 


REINFORCED 
CONCRETE. 


Main Office: BENNETT BUILDING, NEW YORK. 
BRANCHES: 
CHICAGO, PHILADELPHIA, BOSTON, ATLANTA, CLEVELAND, 
ST. LOUIS, DETROIT, PITTSBURG, KANSAS. 
Catalogue ma application. 


SATISFACTION! 


Thatis what-you get wath every 


Lunkenheimer 


Regrinding Valve. 


anct practical obtainable: 
Remember; that sot only can the 
bearings bs ind, bat the 


THE NORWALK AIR COMPRESSOR 


ERN 


is built with Tandem 
Compound Air Cylind- 
ers. Corliss Air Valves 
on the irtake cylinders 
insure small clearance 
spaces. The'Intercooler 
between the cylinders 
saves power by remoy- 
ing the heat of compres- 
sion before the work is 
done, not after, and 
the compressing is all 
done by a straight pull 
and push on a continu- 
ous piston rod. The 
Compressor is self-con- 
SEH ; tained; the repair bills 
are reduced to a minimum, and the machine is €conomical and efficient. 
Special machines for high pressures and for liquefying gases, Compound and 
riple Steam Ends. 


A catalog, explaining its many points of superiority, is sent free te 
business men and engineers who apply to 


THE NORWALK IRON WORKS CO., 


SOUTH NORWALK, CONN. 


AMERICAN-BALL DUPLEX 
COMPOUND ENCINE 


AND 


DIRECT-CONNECTED 
CENERATOR. 


aN The latest develop= 
i ment in practical 
a steam~engineering. 


The highest econ- 
omy of steam with 
a >the simplest possi- 
ee ~ ble construction. 


-Complete electric and steam equipments furs. 


nished of our own manufacture. 


AMERICAN ENGINE CO., 


New York Qffice-95 Liberty St. Bound Brook, N. J. 


HOISTING ENGINES: 


CABLEWAYS, AND CONVEYING DEVICES OF EVERY DESCRIPTION 
of Yee LIDGERWOOD make 
are unequalled for adaptation and efficiency. 

Our Hoisting Engines are built to gauge 
on the Duplicate Part System. 
Quick delivery assured. 


& 


Over 30,000 in use. 


STEAM AND ELECTRIC 
HOISTS. 


Send for 


Latest Catalogues. _ 
96 LIBERTY ST., 


LIDGERWOOD MEG. CO., °oLBERT § 
pours WATER-SUPPLY 


Without Depending on the Wind, 


THE ‘REECO-RIDER” 
AND ‘“‘REECO-ERICSSON” 
HOT-AIR PUMPING- 
ENGINES 


In use for thirty-five years. 
More than 40,000 sold. 


Specified by the Leading Engi- 
ate: neers of the World. 


—— Catalogue on application to neate 
est store. 


RIpER-ERICSSON ENGINE Gor | 
NEW YORK, BOSTON, PHILADELPHIA, CHICAGQ, 
2 mss 


& MADE ar’. 
oe TRENTON, N. J. 


ADDRESS?! : 


g The Tyler Double 


Crimped Wire 
Cloth and Screen 


Mining Screens, Rolled Wire Cloth, Rolled Slot 
Screens, Galvanized Wire Cloth, Tinned Wire 
Cloth, Locomotive Stack Netting, Plated Mill 
Screen Cloth, Fourdrinier Wires, Galvan- 
ized Wire Netting, Twilled Wire Cloth, 
Coal Screen Cloth, etc. 
Wire Cloth of every kind, from the coarse meshes of heavy wire, to 


the fine meshes of thread-like wire, made from iron, steel, brass, 
phosphor-bronze or copper, and woven to suit requirement. 


SEND FOR CATALOGUE “M. E." 


‘THE W. S.. TYLER COMPANY 


CLEVELAND, O.. 


y 


RANDOLPH-CLOWES Co. 
WATERBURY, CONN. 
"BRASS ano COPPER ROLLING MILLS ° 
AND 
TUBE WORKS. 
SEAMLESS BRASS and COPPER 


TUBES and SHELLS ‘ 
Up to 36 Inches Diameter. - 


WM. SELLERS & CO. 


(INCORPORATED), 


PHILADELPHIA, U. S. A. 


HIGH-SPEED TRAVELING AND SWING-CRANES, 
INJECTORS FOR ALL CONDITIONS OF SERVICE. 
GRINDING -MACHINES FOR TOOLS AND DRILLS. 


IMPROVED HYDRAULIC TESTING- MACHINES, 
Under Patents of A. H. Emery. 


TURNTABLES FOR LOCOMOTIVES AND SHOP- 
CARS. 


IMPROVED LABOR-SAVING MACHINE T@OLS 
For Railway and Machine-shop Equipment. 


SHAFTING IN ALL ITS DETAILS FOR THE ECO- 
NOMICAL TRANSMISSION OF POWER. 


GEO. V. CRESSON CO., 


Main Office and Works, 
Allegheny Ave. west of Seventeenth St., Philadelphia, Pa. 


New York Office: 141 Liberty St. 


: Engineers, Founders, and Machinists. 
=> 


Manufacturers of 


POWER TRANSMITTING MACHINERY, 
CRUSHING ROLLS and JAW CRUSHERS, 
=> 


Builders of : 
SPECIAL’ MACHINERY TO ‘ORDER, 


ea 
@ 2 @ @ 


REINFORCED. CONCRETE 
CONSTRUCTION 


using a special corrugated iron; attached to buildings in 

the ordinary way and plastered with Portland cement, 

making a light, strong, fire-proof construction for roofs, 
walls, floors, etc. 


THE BROWN HOISTING MACHINERY CO., 


Engineers, Designers, and Builders of 
Hoisting Machinery of Every Description. 


Main Office and Works, CLEVELAND, OHIO. 
Branch Offices, NEW YORK and PITTSBURG, 


ESTABLISHED 1856. 


HENRY MAURER & SON, 


MANUFACTURERS OF 


-FIREBRIGN, TILES, LARS, CUPOLA LININES, 


Clay Retorts for Gas Works. 


Office, 420 East 23d Street, 


Pp. 0., Telegraph, and'R. R. Station.) NEY YORK. 
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RUBBER Goops 


FOR 
RAILWAYS, STEAMSHIPS, MILLS, § 
MINES, SMELTERS, & ALL 
MECHANICAL PURPOSES. 
Belting, Hose, Packings, 
Rubber Covered Rollers, 


Trade Mark eo? . 
Tt Eaclience —etc., of Superior Quality 


Manufactured by 


ON BELTING (CO: 


James Bennett Forsyth, Gen. Mgr. 


Original Mfrs. Boston, New bide Buffalo, Chicago, 
Vulcanized 256-260 100-102 90 175-177 
Rubber Goods, Devonshire St. Reade St. Pearl St, Lake St. 


© 


THE GREATEST 


WATER METER 


RECORD EVER MADE. 


640,000. 
Crown, Empire, Nash, Gem 
METERS IN USE. 


_ National Meter Company, 


New York, Chicago, Boston, Pittsburg, Los Angeles 
12 


| Morse Twist Drill & Machine Co. 


New Bedford, Mass., U. S. A. 
‘MAKERS OF 


ARBORS 
CENTER Keys 
CHUCKS 
CoUNTERBORES 
COUNTERSINKS 
CUTTERS 


Dies 
DRILLS 
GAUGES 

LATHE CENTERS 
MACHINES 


MANDRELS 
METAL SLITTING SAWS 
MILLs 
REAMERS 
ScREW PLATES 
SLEEVES 
SOCKETS 
Taps 
TAPER PINS 
THREADING TOOL . 
WRENCHES 


CHAPMAN VALVE MEG. CO. 


WORKS AND MAIN OFFICE : 
INDIAN ORCHARD, MASS. 


BRANCH OFFICES : 
BOSTON, NEW YORK, PHILADELPHIA, BALTIMORE, 


ALLENTOWN, PA.; CHICAGO, ST. LOUIS, SAN FRAN: 


CISCO, LONDON, ENGLAND; PARIS, FRANCE; AND 
JOHANNESBURG, SOUTH AFRICA. 


VALVES 


MADE IN ALL SIZES AND 
FOR ALL PURPOSES AND 
PRESSURES. 


CORRESPONDENCE SOLICITED. - 
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ENGINE 
AND é 
TURRET 
LATHES 
WITH 
Patent or 
Cone Pulley 


Headstock | 
Sizes 14” to 48” swing. 
THE LODGE AND SHIPLEY MACHINE TOOL CO. 


CINCINNATI, OHIO, U.S. A. 


THE AMERICAN 
PIPE MFG. CO. 


ENGINEERS AND CONTRACTORS FOR 


Water-Works 


_ Manufacturers 0: 


PHIPP’S HYDRAULIC PIPE 


112 NORTH BROAD STREET 
PHILADELPHIA 


A Correct Solution for every Grinding Problem 


IS FOUND IN 


Norton Grinding Wheels 


MADE OF 


ALUNDUM 


the abrasive which possesses. the attributes of sharpness, 
right temper and uniformity 


Booklet Alundum 465E on Request 


NORTON COMPANY, WoRckstes, mass. 
Alundum Plant, Niagara Falls, New York 


NEW YORK: OFFICE CHICAGO STORE 
26 Cortland Street, Havemeyer Building 48 South Canal Street 


GARVIN 


Milling Machines, 
Profilers, 
Screw Machines, 
Monitor Lathes, 
Tapping Machines, 
>. Gang Drill Presses, 
om -?Z aie, Cutter Grinders, 
No, 2A Whee Hand Lathes. 


NEW DESIGNS. NEW IMPROVEMENTS. 
Write for Catalogue. 


THE GARVIN MACHINE CO., 


Spring and Varick Streets, New York City. 
f Agents in all Principal Cities. 
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THE 


ANSONIA BRASS & COPPER CO. 


MANUFACTURERS OF 


COPPER WIRE AND CABLES 


For Trolley Roads, Electric Lighting Companies, 
Power Transmission Plants, Etc. 


DRAWN COPPER BARS 


For Switchboards, Commutators, Armatures, Etc. 


SOLE MANUFACTURERS 
“TOBIN BRONZE” 
Rods for Yacht Shafting, Bolts, Pump Pistons; also Sheets, Tubes, Etc. 
99 JOHN ST., NEW YORK CITY 


WELDLESS STEEL WIRE CHAIN. 
TWICE THE STRENGTH OF WELDED. 


TRIUMPH PATTERN. 14 sizes, 
Send for results of voluntary tests made by the 
British Scientific Society. 


THE BRIDGEPORT CHAIN CO., Bridgeport, Conn. 
WE MAKE OVER TEN MILES PER DAY. 


| 
| 
| 
| 


90 BROAD STREET, 


The General Electric Company's 


Type M Control 
(Sprague-General Electric System) 
FOR ELECTRIC TRAINS HAS BEEN ADOPTED EXCLU- 
SIVELY BY THE NEW YORK UNDERGROUND RAILWAY. 
(Interborough Rapid Transit Company ) 


ALL ELECTRIC TRAINS ON MANHATTAN ISLAND ARE 
EQUIPPED WITH THE SPRAGUE-GENERAL 
ELECTRIC SYSTEM OF CONTROL. 


General Office: SCHENECTADY, N. Y. 
New York Office: 44 Broad Street. Sales Offices in all large cities 


ATLAS | 
PORTLAND 
CEMENT 


Is the Standard American Brand. 


Used by all the leading Engineers and 
Contractors throughout the United States, 
and preferred by the U. S. Government. 


ATLAS PORTLAND CEMENT CO., 


- NEW YORK. 
é . 


PYROMETERS 


FOR ALL TECHNICAL PURPOSES. 


The Queen Mercurial Pyrometer, for Stack. Temper. 


atures, reading to 1o00° F, 


The Queen Metallic Pyrometer, for Oven Temper: 
atures, reading to 1500° F. 


The Queen-Chatelier Pyrometer, for Furnace Tem- 
“peratures, with direct reading scale to 3000° F, 


For a complete list and descriptions of the Pyrometers 
manufactured by us send for our Pyrometer Catalogue. 


QUEEN & CO., Inc. 


N.W. CORNER OF EIGHTH AND ARCH STREETS 
PHILADELPHIA 


KEUFFEL & ESSER CO. 


127 FULTON ST.,N.Y. General Offices and Factories, HOBOKEN, N. J. 
CHICAGO—ST. LOUIS—SAN FRANCISCO 


DRAWING MATERIALS. MATHEMATICAL AND SURVEYING 
INSTRUMENTS. MEASURING TAPES 


Our Paragon Drawing Instruments enjoy 
an excellent and wide reputation. They are 
of the most precise workmansbip, the finest 
finish, the most practical design, and are made 
in the greatest variety, We also have Key. 
Excelsior and other brands of instruments. 

We carry the largest and most complete 

: = assortment of Drawing Papers, Tracing Cloths 
. 5 and Papers, Blueprint, Blackprint and Brown- 
print poner Profile Papers. 

K & B Measuring Tapes, Steel, Metallic, Linen. 
Most accurate. Best quality. Largest assortment. 

We make the greatest variety of engine-divided 
Slide Rules, and call especial attention toour Patented 
Adjustment, which insures permanent, smooth work- 
ing of the slide. Some of our other well-known cal- 
culating instruments are the Reckoning Machine, 
Fuller's Slide Rule, Thacher’s Calculating Instrument, 
Spery’s Pocket Calculator, etc. 


‘Our complete 
(550 page) catalogue 
on request * 


ens Se eee he 


